2016 IEEE Vehicular Networking Conference (VNC)

Poster: On-Board Camera Video Transmission Over
Vehicular VLC
Omer Narmanlioglu1 , Bugra Turan2 , Burak Kebapci1 , Sinem Coleri Ergen2 and Murat Uysal1
1

Department of Electrical and Electronics Engineering, Ozyegin University, Istanbul, Turkey, 34794
E-mail: omernarmanlioglu@gmail.com, burak.kebapci@ozu.edu.tr, murat.uysal@ozyegin.edu.tr
2
Department of Electrical and Electronics Engineering, Koc University, Sariyer, Istanbul, Turkey, 34450
E-mail: bturan14@ku.edu.tr, sergen@ku.edu.tr

Abstract—Vehicular connectivity is envisaged to extend vehicle
on-board camera videos to the nearby vehicles in order to
increase drivers’ road awareness. This paper demonstrates the
possibilities of video transmission captured by vehicle on-board
forward-looking camera via visible light communications (VLC)
using taillights to provide see-beyond the front vehicle assistance.
Line of sight (LoS) inter-vehicular video transmission using direct
current biased optical orthogonal frequency division multiplexing
(DCO-OFDM) based VLC with the data rate of 6.42 Mbps and
lower latency than 32 msec is validated through experiments.

I. I NTRODUCTION
Recently, vehicles have started to be equipped with onboard cameras in order to provide driver assistance services
such as traffic sign recognition, lane departure warning, front
vehicle detection and high beam headlamp control. In respect
to this, radio frequency (RF) based vehicular communication
schemes such as Long Term Evolution (LTE) and Dedicated
Short Range Communication (DSRC) are foreseen to extend
environment perception sensor functionalities to the nearby
vehicles. Under the consideration of dense traffic scenarios
with high frequency data exchanges and applications targeting
large file streaming including on-board video data transmission, efficient spectrum usage remains to be one of the main
challenges with those RF communication schemes. On the
other hand, visible light communication (VLC) [1], offering
higher data rates and providing line-of-sight (LoS) based
secure communications, can be regarded as a strong candidate
for efficient spectrum usage and vehicular connectivity.
In the literature, several studies [2], [3] have explored indoor
high quality video transmission through VLC. However, none
of the studies to date, investigate the possibilities of continuous
video streaming, using off-the-shelf automotive light emitting
diode (LED) lights at practical vehicle following distances in
an outdoor experimental setup. In this paper, we propose a
vehicular VLC system namely “see-beyond the front vehicle
assistance”, which enables real time transmission of the video
captured by the vehicle forward-looking camera, to increase
perception, especially for truck overtaking scenarios.
II. I MPLEMENTATION D ETAILS
The proposed system consists of application and physical
layers for video transmission through VLC channel. The
information bits sourced by the camera are converted into
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the packet structures at the application layer developed with
Python software and this layer communicates with physical
layer, implemented in PXIe − 1082DC chassis, equipped with
PXIe − 8135 Embedded Controller, NI 5781R transceiver
module (TM) and NI 7966R field programmable gate array
(FPGA) module, using LabView graphical programming language through User Datagram Protocol (UDP). Application
layer processes real time captured video frames. The system
records 2 sec length buffers and compresses them using
High Efficient Video Coding (HEVC) which is also known
as H.265. Considering the high correlation of the road and
vehicles at the scene, constant rate factor (CRF) compression
type of H.265 is utilized to provide constant video quality. In
order to prevent sudden delays between transmitted packets,
maximum bit rate of compressed video is limited to the
obtained physical layer data rate. Whenever compressed video
exceeds target bit rate, video compressor starts to reduce
the output quality. Hence, limiting the maximum bit rate of
compressed video, we have maximized the overall picture
quality and prevented possible delays. After compressing the
buffer, fragmentation starts and results with the sequence of
fragmented 481B packets. As defected packets from binary
usage of UDP packets cause the frames displayed at the
receiver to be unrecognizable, base64, binary-to-text encoding
algorithm that helps receiver to detect the erroneous packets,
has been used in the proposed system to guarantee integrity
of the data. Additionally, packet transmission starts with a
predefined header packet and ends with predefined footer
packet, and includes one byte sequence number. in order to
provide high integrity in received data.
At the physical layer, the binary data received through UDP
port are first encoded using forward error correction (FEC)
then, mapped to symbols under the consideration of direct current biased optical orthogonal frequency-division multiplexing
(DCO-OFDM) [4]. In order to drive the LEDs with real-valued
and non-negative signals, Hermitian symmetry with DC bias
addition are used in DCO-OFDM. Utilizing 64 subcarriers,
ones within the index range of {3, 4, 5, ..., 28} are used for data
carrying. The carriers in the range of {36, 37, ..., 61} are used
to satisfy Hermitian symmetry, while 0th and 32th subcarriers
are set to zero in order to avoid from DC shift and the rest
is set as null tones. After inserting pilot sequence, cyclic
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Figure 1: (a) Luminus SST − 50 and (b) Photon PH7219 type P21W, (c) transmitter side and (d) receiver side including
Thorlabs APD130AM photodetector (PD) with LA1050 − B plano convex lens.

Figure 2: Experimental setup for vehicular VLC at the outdoor environment.

prefix (CP) with the length of 12 is appended. Consequently,
parallel-to-serial conversion is executed and the discrete sequence including preamble to detect packets is filtered through
the transmit pulse shape. After the signal is amplified with
Mini Circuits ZHL − 32A − S+ amplifier, a DC bias of 3.6 V
with 0.02 A is added to shift the analog waveform into
the linear operation range of either Luminus SST − 50 (see
Fig. 1 (a)) or single LED of Photon PH7219 type P21W (see
Fig. 1 (b)) automotive LED with the use of Mini Circuits
ZFBT6GW+ Bias Tee (see Fig. 1 (c)). At the receiver side
(see Fig. 1 (d)), to determine the existence of the packets, cross
correlation of inserted preamble and the received sequence,
captured by Thorlabs APD130AM PD with LA1050 − B
plano convex lens (see Fig. 1 (d)), is analyzed. Following the
implementation of the reverse process, the recovered video
data is displayed. The rest of implementation parameters are
given in Table I.
Table I: System Parameters.
Symbol Sampling Interval
System Bandwidth
Optical Transmit Power
Transmit Pulse Shaping Filter
Packet Synchronization
Preamble Length
Payload Size
Packet Duration
Channel Estimation
Decision Rule
Service Type
Modulation
Forward Error Correction

80 nsec
9.375 MHz
11.5 dBm
Square Root Raised Cosine Filter
with Roll-off factor of 0.5
Preamble-Assisted Packet Detection
160 Symbols
100 OFDM Symbols
625 usec
Pilot-Aided Zero-Forcing (ZF)
Single-Tap Estimation
Maximum Likelihood (ML) Decision
Best-Effort Delivery
4−QAM
Convolutional Code (3/4)

III. E XPERIMENTAL R ESULTS
In our experimental setup (see Fig.2), the results indicate
more attenuation (up to 16 dB) towards the higher frequencies

resulting with higher estimation error. Hence, DCO-OFDM
based communication system, is observed to be an effective
scheme for a vehicular VLC system to handle inter symbol
interference resulting from frequency-selectivity when high
data rates are targeted. Using off-the shelf LED lights with
the proposed scheme, we obtained 6.42 Mbps data rate at the
packet loss rate of less than 10−6 . Considering the overall
processing delay of 31.375 msec to generate packet structure
and DCO-OFDM symbols, the system specifications meet the
quality-of-service (QoS) requirements of not only the buffered
video transmission but also the live video transmission that can
be enabled via inter-vehicular connectivity.
IV. C ONCLUSION
Video captured using leading vehicle’s front-view on-board
camera is transmitted to the following vehicle to increase
drivers’ situational awareness. Considering the amount of data,
and spectrum limitations, vehicular VLC is a promising technology in terms of low complexity, RF interference free and
secure line-of-sight (LoS) vehicular communications. Utilizing
off-the-shelf equipment and based on outdoor experiments, we
have demonstrated that VLC fulfills on-board camera video
transmission QoS requirements for platoon like use cases.
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