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Abstract—With the increase in optical camera communication
(OCC), a screen to camera-based communication can be
established. This opens a new field of visible light
communication (VLC) known as smartphone to smartphone
based visible light communication (S2SVLC) system. In this
paper, we experimentally demonstrate a S2SVLC system based
on VLC technology using a smartphone screen and a
smartphone camera over a link span of 20 cms. We analyze the
Lambertian order of the smartphone screen and carry out a
channel characterization of a screen to camera link-based VL.C
system under specific test conditions.

Index Terms— Lambertian, optical camera communication, QR
code, smartphone, and visible light communications.

[. INTRODUCTION

Visible light communication (VLC) is a wireless
communication technology that uses visible light as a
medium for transmitting data [1] [2] . It utilizes light-
emitting diodes (LEDs) to transmit data, which are
modulated to carry information. VLC has gained significant
attention in recent years due to its various advantages over
traditional wireless communication technologies such as Wi-
Fi, Bluetooth, and cellular networks [3] . VLC over screen to
camera link has become a promising technology for short
link communication on smartphone. The ever-increasing
demand for high data-rate wireless communications has
initiated a rapid progress in the research and development in
the VLC based technology [4] . With the increased attention
in the optical camera communication (OCC) can leverage the
existing camera with light emitting diodes to establish a
device-to-device communications, which is best known as
smartphone-to-smartphone based visible light
communication (S2SVLC) system or screen to camera link
based optical communication system .

The research work in VLC for S2SVLC systems have been
reported in the literature. This study explores the feasibility
of using screen-to-camera communication for mobile
payments [5]. The authors developed a prototype system and
evaluated its performance in terms of accuracy, speed, and
user experience. The study found that screen-to-camera
communication is a viable technology for mobile payments

and has several advantages over other technologies such as
NFC. This study proposes a visual MIMO (multiple-input
multiple-output) system for screen-to-camera
communication in mobile devices. The system uses multiple
LEDs on the screen and multiple photodiodes on the camera
to transmit and receive data [6]. The study evaluates the
performance of the system in terms of data rate, bit error
rate, and user experience. The results show that the visual
MIMO system is a promising technology for screen-to-
camera communication in mobile devices. This study
proposes a screen-to-camera communication system using
colored lights. The system uses a set of colored lights on the
screen to transmit data and a color filter on the camera to
receive the data [7] [8] [9]. The study evaluates the
performance of the system in terms of data rate, distance,
and user experience. The results show that the system is a
feasible technology for screen-to-camera communication in
mobile devices. This study proposes a screen-to-camera
communication system using barcode-like signals [7]. The
system uses a set of rectangular bars on the screen to
transmit data and an image processing algorithm on the
camera to decode the signals. The study evaluates the
performance of the system in terms of data rate, distance,
and user experience. The results show that the system is a
promising technology for screen-to-camera communication
in mobile devices.

II. SYSTEM DESIGN

The schematic diagram of a S2SVLC system is depicted in
Fig. 1. At the Tx, a stream of data (text or any media format)
is first converted into a binary stream (0’s and 1°s) and then
encoded into an image for display on the smartphone screen.
We noticed that (i) each bit intensity modulates a single or a
group of pixels on the mobile smartphone screen; and (ii)
pixels representing O or 1 bits are assigned with the white
and black colors, respectively . At the Rx, a smartphone rear
view camera is used to capture the transmitted image. The
front camera can also be used to capture but with reduced
capacity. Following machine learning-based algorithm the
images are converted into a binary stream, where the white
and black colored pixels are assigned the value of 0’s and 1’s
accordingly [10]. The regenerated binary data is then
converted into a text, see Fig. 2.
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Fig. 1. Smartphone based VLC system (Tx and Rx pair).
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Fig. 2. System block diagram of S2SVLC.

Currently, detection of QR and ASCII codes is carried out by
means of an internal decoder that uses classical computer
vision algorithms . For most cases, the above scheme works
well, but can have delays during the transmission of large
data frames consisting of up to 4000 characters of data. In
S2SVLC [9], the delay becomes increasingly noticeable
during multi-frame transmission of a large file [11] [12]. To
avoid these problems and improve speed, a supervised
learning model is developed to detect and classify the QR
and ASCII codes.

Fig. 2. shows the schematic block diagram of the proposed
VLC system. A typical on-off keying (OOK)-based S2SVLC
system consist of two devices (Google pixel 6 pro) that are
utilized as the Tx and the Rx for displaying and collecting
the data frames respectively. Each frame is made up off
MxN pixels [10]. In OOK or system that use colour shift
keying (CSK), to assign black for ‘1’ and white of ‘0’ pixel
value. The OOK is the familiar modulation technique in
S2SVLC system. At the Tx, the data stream d(t) i {1,0} is
converted to a 200 X 200 sized data frames d(f) (i.e., an
ASCII character in byte form), where each frame is made up
of an image that has been divided into MxN pixels, packed
with 182 bits respectively. The intensity modulated light P(z)
is transmitted in an indoor environment through the free
space and is captured on the Rx side using the camera. The
channel DC gain for the receiver located at a distance of d
and angle ¢ with respect to the with respect to the Tx can be
approximated as:

Hy,s(0) = (D)
{%{;D cos™(@)T,(P)cosy 0< ¢ <y, ’
0 elsewhere

Where A, is the image displayed in the Tx screen and it
depends on the distance d between the Tx and the Rx, g(y)
and Ty(y) are the gains of the optical conductor and optical

filter respectively. The radiance angle is denoted by o, v
represents the incidence angle, y. represents the field of view
(FOV) semi angle of the camera and m represents the
Lambertian order of emission of the Tx. For the line of sight
(LOS) link, the received signal is given by:

Pr—l()s: Hlos(O)Pt . (2)

The order of Lambertian emission m of the Tx is related to
the LED semi angle at half power @1/, by
_ —In2 3)
" (cosay ;)
The Lambertian radiant intensity is expressed as:
R(g) = (m+1) cos™(9) 4)
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The detailed model of the proposed link is represented in
Fig. 3. Where, the d between the Tx and Rx is 20 cm and ¢ is
varied over a range of 0 — 180°. Gaussian noise is evenly
distributed over the signal. This means that each pixel in the
noisy image is the sum of the true pixel value and a random
distributed noise value. The gaussian distribution can be
approximated as:
1/x—p\2
p(x) = ﬁe_E(T) , ®)

Where o is the standard deviation and p is the mean.
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Fig. 3. Configuration of the S2SVLC system under: (a)
portrait, and (b) landscape conditions.

Here, we have assumed that the camera is directly facing the
Tx with no tilting or rotation angle. Note, (i) distance (d)
between the Tx and the Rx to constant of 20 cm; (ii) The
experimental investigation is carried out in an no light
environmental condition. and (iii) the power(uW) is
measured across the field of view (FOV) of the Tx screen in
both landscape and portrait condition as represented in Fig.3.

III. RESULTS AND DISCUSSION



We have used the smartphone (Google pixel 6 pro) placed on
the same axis to communicate with each other as depicted in
Fig.4. The image is captured at a link span of 20 c¢m, no tilt,
no rotation and over the FOV range measuring up to 0-180°
at no illumination condition. The key parameters adopted in
the work are represented in Table I.

(b)
Fig. 4. The experimental setup for the S2SVLC system
under: (a) portrait, and (b) landscape conditions.
TABLEI : KEY SYSTEM PARAMETERS

Parameter Value
No. of camera pixels 50 MP
Aperture £/1.85
Sensor type CMOS, Laser detection
autofocus (LDAF)
Sensor model Sony IMX386
Sensor size 1/1.31" wide

Camera frame rate 60 fps
Camera focus

Auto focus
Tx display OLED
Tx display size 6.41 inch
Tx frame rate 60 fps
Image size (cell x cell) 200 x 200

Distance between the Tx
and the Rx (d) for 20 cm
experimental investigation

Tilt angles of the Rx
with respect to the Tx for 0°
experimental investigation
Rotation angles of the
Rx with respect to the Tx
for experimental
investigation

The power received is measured over the range of 0 - 180 °.
Note, that each pixel in the noisy image is the sum of the true
pixel value and a random distributed noise value. The power
is evenly distributed over the signal in a gaussian distribution
and represented in Fig. 5.
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Fig. 5. The power distribution for the S2SVLC system
under: (a) portrait, and (b) landscape conditions.

For the gaussian distribution over the FOV, we measure the
beam profile of the Tx, which is close to Lambertian as in
(3). We normalized the beam profile and by fitting a
Lambertian curve to the beam profile we obtained
Lambertian order m of 1 as represented in Fig. 6.
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Fig. 6. The measured beam profile for the S2SVLC
channel (a) beam profile (b) normalized beam (c) fitted
Lambertian beam profile.

A short message of ‘optical communications research group’
was transmitted over the link. At the Rx, the image was
decoded back to text using the camera with a characteristic
as represented in Table I. Note, as was observed the longer
the link spans the smaller will be the size of the captured
image. The ROI is extracted in the Rx end and is rescaled to
match the Tx image size. Consequently, beyond the
transmission range the with the light intensity lowering from
the transmission end the link between the Tx and Rx breaks.
Fig.7. shows the success rate of the data transmission against
the link span up to 55 cms. At a link span of 40cm, the
success rate reduces to 98%, the success rate of the received

bits reduces as the link span increases. This is due to the fact
that, the received power is spread over a number of pixels,

hence lower SNR.
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Fig. 7. Success Rate of the data transmission over a link
span for the S2SVLC transmission.
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This delves into the key characteristics and
performance metrics of smartphone screen used as Tx in
S2SVLC communication system. It examines various aspects
such as screen spectral analysis, beam profiling, and
Lambertian order estimation to understand their impact on
the S2SVLC performance.
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Fig. 8. Smartphone spectral distribution.

Beam profiling is a critical aspect in the field of optical
technology, it involves measuring the intensity of the light
beam at different points across its cross-section. This
provides a detailed picture of beam's shape, size, and
uniformity. In S2SVLC communication, the screen beam
profiling provides crucial information which helps with
improved data transmission, enhancing screen reliability,
optimizing receiver design and assessing system
performance. The screen beam profiling [13] is carried out
for a white screen with all pixels activated, which is made by
combinations of red, green and blue spectrum. There are two



different beam profiling techniques carried out for the
analysis [14]:

1. Scanning Slit Profilers: Profiler devices utilize a
narrow slit to scan across a beam. In the case of a scanning
slit profiler, the device functions by directing a beam through
a narrow slit or a series of slits. As the slit traverses across
the beam, it samples a small portion of the beam's cross-
section sequentially. Subsequently, the light passing through
the slit is detected by a photodetector, which measures the
intensity of the beam at each position [15].

2. Knife-Edge Technique: The knife-edge technique
entails the movement of a sharp edge, known as the "knife,"
through the beam while measuring the reduction in power as
the knife-edge obstructs more of the beam. Through analysis
of the rate at which the power diminishes as the edge
traverses through the beam, one can deduce the spatial
profile of the beam [16].
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Fig. 9. Smartphone beam profiling.

The scanning slit profilers display a high resolution of the
beam's intensity distribution along two orthogonal axes. The
red line likely represents a cross-section of the beam
intensity, showing the distribution along one axis. The knife-
edge delineation of specific data points or regions of interest,
depicted by the red and blue lines, is indicative of
measurements pertinent to the beam's width or other
parameters crucial for optimizing the light source [14].

The beam profile exhibits a high degree of uniformity in the
central region, as evidenced by the flatness of the top portion
of the curve. This indicates that the light intensity is
relatively consistent across the core of the beam, which is
crucial for minimizing signal distortion and ensuring

efficient data transmission in S2SVLC communication. The
smooth transition of the curve suggests a Gaussian-like beam
profile, indicative of good beam quality. The peak intensity,
determined by the maximum value on the y-axis, is
indicative of the signal strength, directly influencing the
communication range and data rate. The sharp transitions at
the edges of the beam define the core region and provide an
estimate of the beam width, which is a critical parameter for
optimizing the alignment and focusing of the receiver.

IV. CONCLUSION AND FUTURE WORK

We have reported the investigation of a S2SVLC system
using real smartphone under indoor conditions. We
determined the Lambertian order of the smartphone by
carrying out experimental investigation of the smartphone
in both landscape and portrait position. The success rate of
the data transmission over a link span of 10-55 cm was also
carried out.
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