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Abstract
Today, smartphones are used for
a variety of applications it is not
limited to calling and receiving,
and sending text messages, they
have a variety of features such as
a camera, torch, games, social
media, news, and so on. This
paper aims to utilize the device
for yet another application that is
capturing the flame height, wick
width, and flame width using a
smartphone camera. The
experimental setup is quite trivial;
the camera should be as close as
possible to the flame, the
reference length has to be
measured to have an idea about
the total length captured which
aids to calculate the pixel length
of the image. Further, the change
in height and width with respect
to time is also recorded.
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1. Introduction

A smartphone is used for various
applications in today’s world. A
smartphone is a very common device
that is used by almost everyone these
days. It is already used for various
applications such as maintaining the
caloric balance in the human body [1].
Furthermore, there are applications
such as ithleteTM which determine
ultra-short-term heart rate variability
[2]. Covid-19 pandemic has made a
huge impact on each one of us in
some way or the other, mental health
of the youth being one of the major
issues, but a smartphone application
on assessment and management of
youth mental health could help in
reducing the anxiety and depression
cases among youths [3,4]. GeoTools is
another android application that aids
to do tasks in the area of geology,
such as being a pocket compass [5].
According to the literature, there are
about 76% of undergraduate students
use smartphones for educational
purposes [6]. Some studies aim to
incorporate learning via smartphones
Supadi et al. recorded a positive
impact when smartphone application
was used for mathematics learning [7].
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A feedback survey on undergraduate
students for academic library
applications was taken and it
suggested that students were willing
to utilize the applications [8].
The candle flame dimensions can help
us to understand diffusion flame
characteristics, help to facilitate
industrial design, and help in
understanding ignition potential. The
flame height characteristics also help
in the characterization of the soot
formation [9]. Sunderland et al.
developed a model to predict flame
width and heights by capturing the
length and width of the wick with a
high-resolution camera and utilizing
the Rayleigh number and Nusselt
number for their model [10]. This
paper aims to provide a simple
methodology and a basic setup to
capture the wick width, flame height,
and flame width. The model suggested
in this paper facilitates that a common
person without any laboratory
equipment can capture the flame
dimensions and process it with an
open-source language python.
Subsequently, the variation in these
parameters are noted which could
give us an insight into how much wax
is burned in a candle flame in every
frame.
2. Methodology
2.1 Experimental setup
The candle has to be placed as near as
possible to the reference length.
Reference length is the pre-measured
length, the length should include the
whole flame height, for example, if the
flame height is about 40mm the
references length should be at least
50 mm. The camera should be as near
as possible to the flame, if we increase

the distance of the camera the
measurement error would increase.
2.2 Model
The model was made utilizing OpenCV
library from an open-source language
python. The image as captured on the
phone is now ready for further
processing. The noise is reduced using
medianblur (appropriate Kernel size
has to be selected) as this blurring
preserves edges that are in our
interest for the calculation of flame
height and flame width. After that use
canny (using appropriate threshold
values) to get the edges. After that
number of pixels between the edges is
counted and the pixel length is
multiplied to get the appropriate
results. This is repeated for the
various frames and the variation in
height and width can be observed.
3. Results and discussion
The candle was kept close to the white
paper which was 63mm in length
(reference length, that is the height of
figure 1). The camera was placed in
such a way that the whole length just
fit in the frame and the lens was as
close as possible. The video was
captured with a Nokia 7 plus phone,
with 30fps. Then the frames were
extracted using the OpenCV library in
python, as shown in Figure 1. After
getting the frames noise reduction is
done using medianblur, we can use
the same or different kernel size for
detecting appropriate height and
width which depends majorly on the
lighting and the background of the
taken image. In this case for the
height calculation, the kernel size is 23,
the wick width the kernel size is 81,
and for the width calculation, the
kernel size is 121. The built-in function
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of OpenCV, cv2.canny is used to get the edges with appropriate thresholds
of the in as shown in Figure2.

Figure 1: A sample Frame from the
video of the candle burning Figure 2: Image showing edges for the

height calculation

Now the pixel length has to be
calculated as 63mm = 3840 pixels,
which results in 1 pixel= 0.0164mm.
Further, the using various kernel sizes
and appropriate thresholds, the result
which is shown in figure 3 is obtained.

Using the same methodology the
variation of flame height and flame
width is shown in figure 4 and figure 5
respectively.

Figure 3: Image capturing critical dimensions of a flame
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Figure 4: Change in flame height with respect to time (millisecond)

Figure 5: change in flame width with respect to time (milliseconds)
Image processing helps to easily
identify the changes of critical
dimensions with respect to time. The
variation of the flame height and
flame width can be will help in

calculating various other parameters
such as how much wax is burnt every
frame, and other parameters similar to
it. The average height recorded was
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34.6 mm and the width average was
6.7 mm.

4. Conclusion
A model was put forward which is
simple to perform using open source
language like python and doesn’t
require any laboratory equipment, just
a smartphone. The wick width, flame
height, and its variation, and flame
width and its variation are measured
by this model. Which further can give
us ways to calculate different factors
affecting it. Further the average flame
height of 34.6mm and width of 6.7mm
was also recorded.
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