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ABSTRACT
Rapid diagnostic tests (RDTs) provide point-of-care medical diag-
nosis without sophisticated laboratory equipment, making them
especially useful for community health workers (CHWs). Because
the procedure for completing a malaria RDT is error-prone, CHWs
are often asked to carry completed RDTs back to their supervisors.
Doing so makes RDTs susceptible to deterioration and introduces
inefficiencies in the CHWs’ workflow. In this work, we propose a
smartphone-based RDT capture app, RDTScan, that facilitates the
collection of high-quality RDT images to support CHWs in the field.
RDTScan does not require an external adapter to control the image
capture environment, but instead provides real-time guidance us-
ing image processing to obtain the best image possible. During our
evaluation study, we found that RDTScan had 98.1% sensitivity and
99.7% specificity against visual inspection of the RDTs. RDTScan
helped CHWs capture high-quality RDT images within 18 seconds
while enabling a better RDT workflow.

CCS CONCEPTS
•Human-centered computing→ Smartphones; •Applied com-
puting→ Consumer health; • Computing methodologies→
Image processing.
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Figure 1: RDTScanhelps community healthworkers capture
high-quality images ofmalaria rapid diagnostic tests (RDTs)
collected in real-world environments without the need for
extra hardware.
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1 INTRODUCTION
Rapid diagnostic tests (RDTs) offer a convenient way to diagnose
various infectious diseases in point-of-care settings [22]. By simply
drawing a small amount of blood or swabbing the nose or mouth, a
healthcare provider can apply a biological sample to an immunoas-
say test and see a test result in the form of a colored test line. In
this work, we focus our attention on malaria, which is responsible
for 24% of all deaths among Malian children under the age of 5 [26].
RDTs provide a low-cost (∼$1 USD) alternative to microscopy for
the diagnosis of malaria, playing a crucial role in expedited treat-
ment and global health efforts. In Western Uganda, for instance,
one study found that RDTs more than tripled the detection rate of
malaria while reducing patients’ average clinical visit duration and
their odds of being referred to another clinic [3].

https://doi.org/10.1145/3392561.3394630
https://doi.org/10.1145/3392561.3394630


ICTD '20, June 17�20, 2020, Guayaquil, Ecuador Park et al.

The procedure for completing an RDT typically requires many
steps: checking the test's expiration date, drawing blood, putting
the correct amount of blood and bu�er solution into the correct
wells, waiting for the prescribed time for the strip to activate, ex-
amining the test area for a control line that indicates the test was
done properly, and then �nally reading the test line itself. Each
of these steps is simple to complete, allowing community health
workers (CHWs) who may not have the same medical expertise as a
physician to still provide vital health services in the �eld; however,
these steps are not always trivial to completeproperly. Facing time
pressure and triaging clinical priorities, CHWs may add the wrong
amount of blood to the RDT or not wait the correct duration to read
the lines [25]. Inexperienced CHWs may also misinterpret the lines
in the result window, either missing faint lines or imagining lines
that do not exist [12, 14, 23]. For these reasons, CHW supervisors
will often ask CHWs to bring the completed RDTs back to the clinic
to ensure the correct decision was reached. Due to operational
constraints limiting CHWs' ability to travel frequently to the clinic,
days or weeks can elapse until an RDT is actually reviewed.

Smartphones are already making a signi�cant impact in the
way that healthcare is distributed in low- and middle-income set-
tings [15], and researchers have sought to use smartphone cameras
to interpret RDT results on the behalf of healthcare providers [5, 6,
17, 19]. However, these e�orts have typically required additional
hardware to control the position of the RDT relative to the cam-
era and the lighting environment, limiting the scalability of their
solutions. A mobile, adaptable solution to RDT capture becomes in-
creasingly relevant, as more healthcare moves outside of controlled
laboratory and clinic settings and into the community.

We propose RDTScan, a smartphone app that aids CHWs in
their work�ow without the need for additional hardware. Instead
of requiring CHWs to transport RDTs back to their supervisors
for review, RDTScan enables them to capture high-quality RDT
images that lead to comparable interpretation results relative to
examining the physical RDTs themselves. RDTScan is designed to
operate on devices with limited processing power and battery life
to accommodate the various smartphones that may be deployed in
these settings.

To evaluate RDTScan, we �rst compared the test results that
trained lab technicians read from images against those that were
read from the RDTs themselves. We found that the readings from
RDTScan's images resulted in 99.7% speci�city and 98.1% sensitivity.
We then deployed RDTScan for 3 months with a non-governmental
organization in Mali to evaluate the app's usability and utility. We
showed that CHWs were generally successful and improved over
time when using RDTScan. After 20 trials, CHWs were able to
automatically capture an image 78% of the time with an average
capture time of 18 seconds, and only 7.6% of those images were
not suitable for review by a supervisor. Through semi-structured
interviews, CHWs and their supervisors noted that RDTScan was
useful for documenting RDTs in high-quality images for review.

Our research contributes:

(1) RDTScan, a smartphone app that guides CHWs through
capturing high-quality RDT images,

(2) Quantitative �ndings from a semi-controlled evaluation with
lab technicians on the quality of the captured images,

(3) Quantitative and qualitative �ndings from a three-month
deployment of RDTScan in Mali.

2 RELATED WORK
Before describing RDTScan, we provide an overview of the litera-
ture regarding how RDTs are currently used in the �eld. We then
examine past proposals for improving RDT practices through the
use of technology and de�ne where RDTScan falls within this space.

2.1 Current Malaria Diagnostic Practices
Giemsa stain microscopy and RDTs are the two predominant malaria
diagnostic methods that are used in the �eld. Giemsa stain mi-
croscopy [28] entails examining a thin �lm of blood under a micro-
scope to look for parasites. Microscopy is a desirable method for
malaria diagnosis because it allows healthcare providers to quantify
and di�erentiate malaria parasites, but it requires a well-trained
microscopist [27]. RDTs do not require such expertise. As long
as the healthcare provider is able to draw blood, place liquids in
di�erent cassette locations, and read colored lines against a white
background, they are hypothetically able to use an RDT.

Azikiwe et al. [1] compared RDTs against Giemsa stain mi-
croscopy and found that RDTs had comparable speci�city and
higher sensitivity than microscopy; however, it should be noted
their tests were conducted by experts in malaria diagnostics. Har-
vey et al. [10] investigated the ability of non-expert CHWs to both
comply with the RDT procedure and interpret the results of the
RDTs. Harvey et al. found that only 57% of their participants were
able to perform the procedure correctly and 54% were able to in-
terpret the test results correctly, with the most common mistakes
being failures to read faint positive lines or identify invalid results.
Those numbers were boosted to 92% and 93%, respectively, when
the CHWs were enrolled in a multi-day training program. Such
training programs are not widespread in practice since they can
take CHWs away from other responsibilities. Thus, our work seeks
to improve current malaria diagnostic practices by providing CHWs
with real-time guidance while photographing RDTs.

2.2 Automated RDT Capture and
Interpretation

Image processing has been proposed as a way of either ensuring that
a high-quality RDT photograph is captured or replacing subjective
visual interpretation with objective calculations. Image processing
approaches often struggle in real-world scenarios when the imaging
environment is unconstrained [2]. Unknown positioning between
the camera and the object, uncontrolled ambient lighting, and occlu-
sion are just some of the issues that arise when people are asked to
take pictures of objects outside of laboratory settings. Researchers
have overcome these issues in the past using physical adapters (Fig-
ure 2). The Deki Reader1 is a battery-operated device that provides
an enclosed chamber where a healthcare provider can place an RDT
to block out ambient lighting; meanwhile, a smartphone-like reader
rests over the chamber to provide lighting and �x the position be-
tween the RDT and the camera. Herrera et al. [11] found that the

1http://�o.com/
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Figure 2: Two systems that facilitate RDT capture and in-
terpretation through additional hardware: (left) Mudanyali
et al. [17] and (right) Dell et al. [5, 6].

Deki Reader had 99% concordance with expert visual interpreta-
tion. Mudanyali et al. [17] developed a more compact smartphone
attachment similar to the Deki Reader. Their attachment includes 3
LED arrays that provide uniform illumination on the RDT, and a
convex lens enhances the resolution of the images. Ozkan et al. [19]
and Dell et al. [5, 6] both explored attachments that �x the position
of the RDT relative to a camera but allow for ambient illumination.

There have also been many image processing approaches to
RDT capture that do not require a physical adapter. Feng et al.
[7] demonstrated that an augmented reality headset (e.g., Google
Glass) can be used to track, segment, and analyze an RDT cassette
that had been modi�ed with QR �ducials for 3D tracking. Scherr
et al. [24] explored the notion of using a smartphone to capture an
RDT in an unconstrained manner, but their work focuses strictly on
interpretation. In their study, Scherr et al. took photographs of RDTs
in laboratory lighting conditions and then manually cropped those
photographs before having them analyzed by custom software on a
desktop. Perhaps the work most similar to our own is a commercial
product called the Novarum DX Mobile Reader2. Novarum's app
provides real-time guidance to help people capture and interpret
RDTs that are specially designed for their app; unfortunately, there
have not been any publications on the usability of their app.

Despite the numerous e�orts in the space of automatic RDT
capture and interpretation, our work simultaneously addresses mul-
tiple gaps that previous e�orts have individually left unaddressed.
RDTScan is designed to work in most environments without the
need for additional hardware or RDT modi�cations. RDTScan pro-
vides real-time guidance to ensure that high-quality photographs
are taken while being mindful of computational overhead for low-
end smartphones. Furthermore, we evaluate the e�cacy of RDTScan
in the �eld through quantitative analysis and qualitative feedback.

3 MOTIVATION FOR AN RDT CAPTURE APP
Smartphone adoption has been growing at a rapid pace in sub-
Saharan Africa. The Global System for Mobile Communications
(GSMA) reports that as of 2018, 74% of the population (774 million)
has a SIM connection and 44% of the population (456 million) has
a unique mobile subscription [9]. Smartphone adoption has been

2https://www.novarumdx.com/

Figure 3: When people are asked to take a photograph of an
RDT on their own without feedback, they do not always take
a photo that can be reviewed by a supervisor.

driven by the availability of a�ordable low- to middle-end smart-
phone options, particularly with the Android operating system.
For example, Transsion's Tecno POP2 phone costs around $100
USD, but only has 1 GB of RAM; in comparison, Google's Pixel 4
smartphone is $700 USD and has 6 GB of RAM.

As smartphones become increasingly popular in sub-Saharan
Africa, community health programs are starting to incorporate them
into their work�ows. For example, tools like Open Data Kit [4],
CommCare [16], Community Health Toolkit3, and OpenSRP4 facil-
itate schedule management and data collection for patient records.
The trend is no di�erent for RDT work�ows since smartphones can
be used to check expiration dates and submit test results. Neverthe-
less, some clinics still require their CHWs to return the completed
RDTs so that a supervisor can check their work. It is natural to
question whether a photograph taken with the smartphone's native
camera app would be a suitable substitute for the physical RDT.
We asked CHWs to do this as part of our informal formative work.
Even with some training, we found that many images were not
suitable for review (Figure 3). Images were often out-of-focus, not
at a proper distance from the RDT, or in poor lighting conditions,
making it so that the important visual markers on the RDT were not
clearly visible. The native camera app does not provide real-time
feedback, so CHWs were not always sure that their image would be
clear enough for their supervisor unless the image gets sent to their
supervisor; however, that is not always feasible given battery and
connectivity constraints. Introducing a physical stand to control
the photography process is one way to approach this problem [5, 6]
but introduces additional burden to existing practices. CHWs travel
from home to home, carrying various equipment to deliver point-
of-care services. Their often rugged and remote work environment
brings with it a higher risk that additional hardware may break,
necessitating repair or replacement. A solution for image capture
without a stand would (1) remove the cost and complication of
stand replacement, repair, and delivery, (2) reduce the number of
items that a CHW needs to carry with them to provide care during
home visits, and (3) save the time otherwise required to set up a
stand at each household, which could then be devoted to other
patient needs.

With this ecosystem in mind, our goal is to support CHWs in
capturing high-quality RDT photographs without the need for ad-
ditional hardware. As we designed our app, special attention was
paid to three factors: (1) computations that could be e�ciently

3https://communityhealthtoolkit.org/
4http://smartregister.org/
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run on low- to middle-end smartphones, (2) real-time guidance for
untrained CHWs, and (3) accurate representations of the RDTs.

4 RDTSCAN DESIGN
In this section, we describe how RDTScan assesses image quality
in real-time for RDT capture. RDTScan is designed for Android
smartphones since they are predominant in sub-Saharan Africa [9],
but RDTScan could be easily ported to another operating system.

4.1 Hardware Con�guration
Modern smartphone cameras have reliable auto-focus, auto-exposure,
and auto-white-balance functions that automatically adjust the
camera's properties with respect to whatever objects are in their
�eld-of-view. Since Android 5.0, Google has supported the Camera2
API for explicit camera hardware control; RDTScan takes advantage
of these functions to improve image quality. By default, these auto-
matic hardware functions adjust camera parameters with respect to
the whole frame. Because RDTs are narrow, relying on this default
can cause the camera to optimize parameters for the background
rather than the RDT itself. To yield a high-quality RDT image,
RDTScan is con�gured so that the camera's automatic hardware
functions only consider the center of the camera's �eld-of-view
where the RDT should be located.

Since incident lighting is critical to image quality [18], RDTScan
keeps the �ash on continuously to provide consistent lighting un-
derneath the smartphone. Doing so also provides more consistency
with the camera's automatic hardware functions, particularly auto-
exposure and auto-white-balance.

4.2 Image Quality Assurance
As the camera continuously captures new frames, RDTScan checks
the RDT's brightness, sharpness, position, and size in real-time. We
use di�erent image processing techniques to check each of these
aspects to either accept a high-quality image or provide feedback to
the user on how to improve the image quality. Many of these checks
depend on the RDT's design, so RDTScan requires an ideal, tightly
cropped image of the RDT ahead of time; we call this image the
RDT template. Below, we explain each of the image quality checks
and how they are computed in real-time. Any thresholds listed in
this section were empirically chosen through iterative testing.

4.2.1 Brightness.An under-exposed image makes it di�cult to
distinguish the RDT's test lines from the strip itself, while an over-
exposed image can wash out faint test lines. Therefore, there should
be a balance in how bright the RDT appears in the frame to ensure
that the RDT can be properly reviewed after capture. Most RDTs
are printed on white cassettes and strips, which means that little
information about the RDT's brightness is lost when it is converted
to grayscale. Grayscale conversion is useful because analyzing a
single color channel saves computation for each incoming frame. To
summarize the overall brightness of the image, RDTScan converts
the image to the HLS (hue-lightness-saturation) color space and
�nds the maximum value of the L channel. If the highest value in
the histogram is 255 (the maximum possible value), the image is
likely clipped and is thus over-exposed. If the brightest value is
under 125 (roughly half the maximum possible value), the image is
likely too dark and is thus under-exposed.

4.2.2 Sharpness.Poor image sharpness, also known as blurriness,
can happen if the camera is poorly focused or if the user is mov-
ing the camera while capturing an RDT. Blurry images have few
intense edges, while sharp images have a variety of intense and
non-intense edges. RDTScan uses the Laplacian operator [20] to
calculate edge intensity and then examines the variance of edge
intensity as a proxy for sharpness. The ideal amount of variance
depends on the RDT's design, so the app computes the Laplacian
variance of the RDT template to serve as a baseline. During capture,
RDTScan computes the Laplacian variance for incoming camera
frames speci�cally in the middle of the camera frame. If needed, the
camera frame is scaled to the same resolution as the RDT template
to ensure that the images are comparable. The camera frame passes
the sharpness check if its Laplacian variance is no more than 30%
lower than the reference image's variance.

4.2.3 Position, Size, and Orientation.Ensuring that RDTs are in the
same position, size, and orientation across images not only guaran-
tees that the RDT's result window will be at a reasonable viewing
angle, but also facilitates quick review by supervisors. As super-
visors move from image to image, they can become accustomed
to where they should look for test lines and avoid wasting time
searching for them. Controlling the RDT's size within the camera
frame is also important for keeping the RDT outside of the camera's
minimum focal distance.

Computing the RDT's position, size, and orientation requires
identifying the bounding box corners of the RDT in the camera
frame. RDTScan locates the RDT using feature matching between
the RDT template and the camera frame. Template matching is
more scalable than model-based recognition since the prior only
requires a single clean image for recognition, whereas the latter
requires a training dataset. Template matching using features is
preferred over other criteria (e.g., cross-correlation [8]) since it
is scale- and rotation-invariant, which is important for providing
users with feedback. RDTScan uses the SIFT feature detector [13]
to extract unique keypoints from a reference image and a camera
frame. Unfortunately, running SIFT on a low-end mobile device is
slow and expensive. The app mitigates this issue by downsampling
the camera frame to 50% of its original size to reduce computation
time. Using a brute-force matcher, the app attempts to identify a one-
to-one correspondence across keypoints between the two images;
the app ignores matches if the second-best candidate keypoint
would produce a similar match score. A least-squares procedure
is then used to calculate a 3� 3 homography matrix that maps (x,
y) coordinates in the RDT template to (x0, y0) coordinates in the
camera frame. The homography matrix is used to map the corners
of the RDT template to the boundary of the detected RDT. RDTScan
converts the detected boundary to a rectangle if it is skewed by
taking the average of opposite sides and placing them around the
center of the boundary. RDTScan checks the position, size, and
orientation of the rotated rectangle as follows:

� Position: The app measures the distance between the center
of the rotated rectangle and the center of the camera frame.
The frame passes this check if the distance is within 10% of
the image height.
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