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for IoT Applications
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Abstract

In this paper, we present an ambient light backscatter communication design that enables Internet of Things (IoT) devices to communi-

cate through the backscattering ambient light emitted from lighting infrastructure or sunlight. The device can selectively modulate ambi-

ent light by switching a liquid crystal display (LCD) shutter located on its surface, so that a nearby smart device, which includes a photo-

diode or a camera, can demodulate this backscattered light information. To verify the practicality of the proposed concept, we design an

IoT device equipped with a commercial LCD shutter and a microcontroller. Our device produces ambient light backscattered data at a

speed of 100 bps, and these data are successfully decoded by a commercial photodiode module 10 cm away from the IoT device. We be-

lieve that our ambient light backscatter communication design is appropriate for implementation in various IoT applications
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[. INTRODUCTION

Recent advances in ambient radiofrequency (RF) backscatter
communication have enabled the development of ultra-low
power or batteryless wireless connectivity of Internet of Things
(I0T) devices [1, 2]. For example, Bluetooth signals can be gene-
rated using ambient RF backscatter technology [3]. However,
ambient RF energy has a relatively low power density range of
0.0002-1 uW/cm?. Therefore, ambient RF backscatter devices
must depend on a relatively large array antenna to fully use weak
ambient RF power. By contrast, solar power has a high power
density of 100 mW/cm? during daytime [4]. Various lighting
infrastructures, including white LEDs, have been widely de-
ployed for illumination purposes. Therefore, using visible light
rather than RF waves as backscatter communication media is
logical.

To date, many researchers have used visible light as the
communication media in IoT devices [5—7], which can be cate-
gorized into two types, depending on the direction of the com-
munication link between the LED infrastructure and the IoT
device. Most studies have used only a one-directional link
(downlink) from the LED infrastructure to the IoT device; this
type is called visible light communication (VLC). As VLC has
no uplink capacity, it must use a separate communication link,
such as Bluetooth, to receive information from IoT devices with
no LED source. Unfortunately, doing so involves additional
cost and system complexity. Only a few studies have used bi-
directional links (uplink and downlink) between the LED infra-
structure and IoT devices. In particular, the authors in [6] sug-
gested the innovative retro-VLC concept, which uses retro-
reflective fabric to bounce incident light backscatter to form
visible light for the uplink. However, this method requires a
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dedicated visible light source. To the best of our knowledge, no
studies have been conducted on ambient light backscatter com-
munication in which only ambient light is used as the illumina-
tion source.

In this paper, we propose the concept of an ambient light
backscatter communication design that enables IoT devices to
communicate with nearby smart devices using only backscatter-
ing ambient light emitted from a distant lighting infrastructure
or available sunlight. The IoT device can selectively modulate
ambient light by switching a liquid crystal display (LCD) shut-
ter located on its surface. Then, the nearby smart device, which
includes a photodiode (PD) or a camera, can demodulate this
backscattered light information.

II. PRINCIPLE OF AMBIENT LIGHT BACKSCATTER

Fig. 1 shows the operating principle of ambient light back-
scatter in comparison with that of ambient RF backscatter. In
principle, ambient light backscatter is similar to ambient RF
backscatter, with the only difference being that the former deals
with visible light rather than RF waves. However, the medium
of visible light has many differences in the way it is implement-
ed.

In general, ambient RF backscatter involves three different
entities: a carrier emitter, an IoT device, and an RF receiver. In
the IoT device, backscattering is achieved by changing the im-
pedance of an antenna in the presence of an incident RF signal
from the carrier emitter. The amount of reflection is typically
determined by the difference in impedance values. By modulat-
ing the RF impedance at the port of the antenna, the amount of
incident RF energy that is scattered can be modulated, thus
enabling the transmission of information.

Similarly, as shown in Fig. 1(b), ambient light backscatter
systems consist of a distant ambient light source, IoT devices,
and receiving devices. An IoT device consists of an LCD shut-
ter and a transmission logic circuit. For ambient light communi-
cation, the microprocessor in the IoT device selectively switches
the LCD shutter to backscatter ambient light. This weak back-
scattered signal is then amplified, digitized, and finally demodu-

lated in the visible light receiver of a PD, a camera, or a solar cell.

Fig. 2 illustrates the backscattering difference as a function of
the LCD shutter switching state. If the LCD shutter is ON,
the incident light (red line) will mostly be absorbed on the LCD
shutter surface (black) and thus no visible light will go to the
receiver. If the LCD shutter is OFF, the incident light will be
split between reflected and transmitted light. The transmitted
light is backscattered by a white silkscreen on the printed circuit
board (PCB) surface. As a result, the total reflected and back-
scattered light is received by the nearby optical receiver of a
smartphone.
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Fig. 1. Operating principle of ambient light backscatter. (a) Ambient
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Fig. 2. Backscattering as a function of LCD shutter switching.

Ambient light backscatter takes advantage of the existing
lighting infrastructure. Accordingly, it does not require the de-
ployment of a special-purpose power infrastructure (e.g., an
RFID reader) to transmit a high-power (in a typical 4 W effec-
tive isotropic radiated power) RF signal to target devices. It can
also provide a highly secure link between a user’s smartphone
and IoT devices. Thus, users can easily adopt the ambient light
backscatter concept. Moreover, with respect to usability, the PD
is located at the back of a smartphone, and it enables the screen
to display real-time information on its interaction with a specific

ToT device.
II1. EXPERIMENTAL RESULTS

Fig. 3 illustrates the experimental setup of our proposed am-
bient light backscatter communication design in a typical office
environment, where ambient light is maintained at a comfort-
able range of around 300 Ix. To investigate the effect of the illu-
mination source, we also conducted additional experiments with

a dedicated LED lighting source.
The experimental setup comprised an IoT device and a PD
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Fig. 3. Experimental setup of the proposed ambient light backscatter
communication (b) in a typical office environment (b).

receiver module. The distance between the IoT device and the
PD receiver is fixed at 10 cm. We fabricated an IoT device con-
sisting of a self-designed PCB and an LCD shutter, as shown in
the photograph in Fig. 4. We attached an LCD shutter, which

was originally used in 3D TV glasses (SSG-5150GB, Samsung),

Fig. 4. Photograph of a fabricated IoT device with LCD shutter.
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to the front of the PCB to modulate the ambient visible light.
The microcontroller (ATmegal28) transmitted 64 bit random
data to the LCD shutter. To drive the LCD shutter, the data
were converted to the proper voltage level, which modulated the
LCD shutter. If the driving voltage of the LCD shutter was
above 5V (ON), the LCD shutter would become opaque (with
a transmittance of 2%). If the voltage was below 2 V (OFF), the
LCD shutter would become transparent (with a transmittance
of 34%). This selective switching of the LCD shutter enabled
the IoT device to send its own information. Finally, the back-
scattered signal was detected by a wide bandwidth optical re-
ceiver (PDA36A, Thorlabs), which was displayed on a general-
purpose oscilloscope. The PDA36A can detect light signals over
a 350-1,100 nm wavelength range.

Fig. 5 shows the experimental results of our demo system. Us-
ing only ambient fluorescent lighting as the lighting source,
which was installed on the ceiling at a height of 180 cm, the
backscattered signal from the LCD shutter was successfully
decoded using a low-cost PD module. For comparison, we also
used a dedicated LED light as an additional light source at a
distance of 30 cm from the LCD shutter. When the LED was
ON, the backscattered signal was three times greater than when
the dedicated light was not used. Naturally, light energy could be
added without any interference.

Fig. 6 presents the measured optical response of the LCD
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Fig. 5. Received waveforms from our experimental setup.
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shutter using a PDA36A. When driven by a voltage source with
a 5-ms pulse width, the LCD shutter response is similar to that
of a low pass filter response and can thus be modeled as a first-
order resistor-capacitor circuit. We measured the rising time 7,
and falling time 7} of the LCD shutter as 1.096 ms and 0.533
ms, respectively. Therefore, the total response time was approxi-
mately 1.63 ms. The rising time was much longer than the
charging time because of the slow discharging property. To pre-
dict the maximum bandwidth of the LCD shutter, we used an
approximation model of the LCD shutter. To model the LCD

shutter response, we used an exponential signal, e ~®<*, where

we = - fT is the 3 dB cutoff frequency and p is the experi-
mental ;un{ng parameter [8]. We expected the 3 dB bandwidth

of ambient light backscatter communication to be about 300 Hz,
which was limited by the LCD shutter. Therefore, the switching

characteristics must be improved by using an equalizer with a

high pass response. For example, improving the bandwidth
through the post-equalization of the receiver is possible [9].

IV. CONCLUSION

In this paper, we proposed a design for using ambient light
backscatter communication in IoT applications. The IoT device
could send its information by selectively switching an LCD
shutter, which is located on the device surface. We conducted
experiments to confirm the feasibility of this design and success-
fully demonstrated the performance of 100 bps communication
over a distance of 10 cm without any dedicated lighting source.
We believe that our proposed ambient light backscatter com-
munication paves the way for innovation in future IoT applica-
tions by facilitating easy user interaction.

This work was supported by the Institute for Information
& Communications Technology Promotion grant funded by
the Korea government (MSIP) (B0717-16-0069, Batteryless
IoT using ambient light communication and sensing).
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