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A Robust System for Visible Light Communication

A. Caileart?, B. Cagneal L. ChassagrteS. Topst Y. Alayli!, M. Dimiarf

traffic-lights, accidents, traffic jams, line works
Abstract— In this paper, we present the second version etc).

of our system (WhiC;‘ [Is dedicated 1o Visible LGt In this field, Visible Light Communications is
Communication (VLC) for automotive applications. It . . .
exhibits improved performances compared to the firs well S_UIted because of its ea_se of use, its low cos
version regarding the distance for which data are and high performances. Dedicated sensors, such as
transmitted. It also includes real time variable gin the prototype presented in this paper or in [1);[2]
adjustment in order to increase robustness against gre a prerequisite to enhance communications
e”"'“’_”me?tf" COEd'“O”S- T,hde dSYStem is detailed @& hetween the vehicles but also with infrastructures.
expenmental results are provided. Several studies have been conducted for
| INTRODUCTION communlcatlons_between vehicles a}nd traff'lc light
N 3]-[5]. Infrared link was also used in addition to

owadays, led systems are used as a standarqQfiofrequencies for platooning [6]. Modeling of

commercial vehicles and road infrastructure§/ehicular Ad Hoc Networks (VANETS) with
Led are very convenient for intensity mOdUIat'O'Thtelligent Traffic Light (ITL) shows the interest

like in telecommunication fields and help G communications with traffic lights [7]. The
develop Visible Light Communications (VLC). Inchgjienge is to provide communications with high

pargllel, automobile industry has_ greatly improvegynqwidth to decrease the perception phase
vehicles safety and comfort during the last yearg, aiion. The recent normative efforts with the

More and more intelligence is embedded thanks o 802.11p standard [8] and the IEEE 802.15.7

the sensors. As a consequence, the instrumenied 5 broof of this challenge in the ITS domain.
systems can sense environmental conditions to

adapt their behaviors. Intelligent Transportation
Systems (ITS) is an important challenge for the
next years. Cooperation between vehicles or with
road infrastructures is a key point to enhance the
efficiency and the safety in heavy traffic density
on highways or in city traffic. It includes Vehicle
to Vehicle cooperation (V2V), or Vehicle to
Infrastructure (V21 or I12V) communications.

The second field of research relates to the
perception of the environment which also includes
communications to share information. The
transmission of data between vehicles is a crucial
point to communicate information concerning the
state of the vehicle (brake, speed, acceleration,
engine failure, etc), or traffic information (staié
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In this paper, we present a prototyto transmit digital frame has been defir. Several

data through different channels. We focus on \
technology.A Bit Error Ratio (BER) lower tha
107 can be considered as a very promising re
as we only explored the physical layer of
communication. With an errarerrecting cods
module, lke those based on Direct Seque
Spread Spectrum (DSSS) techniques present
[3] or on pseudaoise codes, a final BER up
108 or few 10° could be expected.

We deposited a pateah optoelectronics syste
for communication and interehicle distanc
measurements [10]The main application for tr
system presented in this paper is
communication between the traffic lights and
car in order to transmit, for example, 1
countdown before the nexraffic light signal
change The interest is also to alert the vehic
and to control the engine.

II. DESCRIPTION OF THE PRTOTYPE

The synopsis of our prototype dedicated to \
is represented in Figure 1The aim is tc
communicate by using traffic light emitter (re
and green)Power modulation is used to trans
digital information. All the components have be
chosen for their low cost and their compact
andare compatible with industrial prototyp

The light is current modulatedith OOK (Or-
Off Keying) amplitude modulation with
microcontroller and a digital power switch.

synchronization bits begin the frame to alert
receiving board that a message is sent. The re
the frame is comosed of start and stop t and an
additional flag to notify thelata frame leng. The
clock of the receiver is not synchronized w
phase lockedeop for simplicity. The frequencie
involved (few kilohertz) are low enough to
relatively not sensitive to frequency driftsAn
electronic board handles the decoding whicl
made online by a microcontroller. or test
purposes, the maximum data length is 96 byte:
could be longer. Details of the reception board
given in the following parts.

A. Discussions about the coding

Two codes have been implemented: the bip
(Manchester code) and the Miller code. Mil
code is less popular than Manche but it could
be convenient for further MIMO applicatic. This
is the reason why we have choto simulate and
to evaluate itThe Power Spectral Densities (P<
of these two codes are expresse[13]. As stated
in [15], the Miller code behavior seems to be v
suitable in order to perform mu-channels
communication. Its PSD is indeed centered
short bandwidth range. This allows for efficit
analog or digital filtering.

In our prototype, the microcontroller can
switched either on Manchester or Miller in er



to test different configurations. For the detectior () Photodiode output (100mV/div)

board, the temporal properties of both codes ar |—<b> Hiltsred sipnal (N /diY)
. . . . (c) Triggered signal (5V/div)

also important to design the electronics withou

using complex decoding algorithms.

B. Discussion about the reception module &

A low cost silicon photodetector is coupled WithE
a low cost pre-amplifier electronics. The aim of§0
the system is to transmit over a distance up to 2= |/ |
m whatever the environmental conditions. The z wi V‘ﬂ /
sensitive element has been conditioned with .
transimpedance circuit.

Once the signal to noise is optimized, it is pre- | = ‘ ; ‘ !
amplified even for minimal levels around tens © 1 - 3 4 )

- . ime (s) 4
millivolts (whatever the distance up to 50 m). An . _ . x 10

. Figure 2: Example of electric signal on the
analog band-pass filter suppresses the offsetalue t reception board
: i : : . ption board.

the daylight and filters high frequencies noisee Th

signal is then digitalized with the ADC (Analog- . EXPERIMENTAL RESULTS

to-Digital Converter) included in a low cost

microcontroller (Microchip 18F2550) that is the A Measurements

core element of the signal processing. The experimental tests have been conducted

First experimental results showed that a BERIith a traffic light (red and green lights) inseall

lower than 10 can be obtained for a pre-definedn the corridor of the laboratory or outdoor.

value of the gain and for a long distance. Basically, the message transmitted during the

However, while the distance is decreasing, @xperiments is sent to the emitter and the frame

obviously leads to the saturation of the receivindgdicates if Miller or Manchester code is selected.

module. For this reason, depending on the level bhe receiver decodes the data in real-time and an

the signal, a variable gain is processed on agorithm allows post-processing or calculation of

complementary gain-filtering stage. An average @frrors. For first experiments, a specific message i

previous ADC values is computed so that switch&ent continuously using a modulation frequency of

can be controlled with the microcontroller tol5 kHz. The accuracy and the stability of the clock

change the gain and make the system robust. Thfsthe microcontroller are good enough so that we

stage is defined as Automatic Gain Control (AGGJo not need to synchronize the emitter and

in Figure 1. reception modules. The transmission of the clock

Finally, as soon as the signal is amplified, it its also not required and the system is thus running

derived with a high-pass filter. The derivativeaof with asynchronous link which is easier and

square signal leads to alternated positive amgbeaper.

negative pulses as illustrated in Figure 2. Thiea, tSets of data of 10 million bits have been sent. We

signal is triggered and the system converts tis@n consider that in any road applications, a BER

signal into two-level digital signals (light on andower than 10 is good enough. Furthermore, the

light off). It is then sent to the microcontrolley calculated BER is for the direct link but could be

measure the width of the pulses with a preciséghly improved if necessary with error detecting

clock (the microprocessor quartz crystal is agodes, correlation techniques, or redundancy

external one at 20 MHz frequency). coding frames or protocols. Tests have been
realized either outdoor or inside a building in a
corridor with artificial lights (neon lights that
provide a strong parasitic 100 Hz signal added on
the useful signal). Table 1 summarizes the
principal results of the sets of data.

()




Code BER Conditions

50 m outdoor,
daylight. Red light

Manchester < 10’

B. Variable gain for robustness

In this subsection, we present the results for a
frequency of 15kHz. The results are similar for

Miller <10’ 50 m outdoor, daylight. both Manchester and Miller codes.
Red light As explained in previous section, the system
Manchester <10" 36 m outdoor, daylight. allows for Automatic Gain Control (AGC) in
Green light order to receive data for both short and long
Miller <10" 36 m outdoor, daylight. distance. AGC is especially useful at short
Green light distance because of the saturation of the
Manchester <107 20 m inside a building photodetector module.
with neon light on Red For this experiment, we just compute the gain
light value in real time to adapt the switches on the
Miller <10” 20 m inside a building board. To illustrate how this value is affected, we
with neon light on Green present the results in Table 2 for some distances.
light
Distance 1 4 5 6.5 8 11 16-
Table 1: Bit Error Ratio (BER) for Miller and (m) 20
Mar_mhestercodesat 1_5 kHz modulation _ Gain 1 13 25 3 4 6 8
frequencies; green and red light have been tested i |
different conditions. \(/Aaljj)e

These results demonstrate that the prototype is BER <10’
well adapted for data transmission over short or
medium distances up to 50 m. Results show OTable 2: Gain value with respect to the distance
errors for 10 bits sent for both Manchester and when AGC is performed.

Miller codes. ) _ )
The indoor tests have been made in a corriddr@ble 2 clearly shows that the gain of this stage |

limited to 20 m range because of the limited leng@MPplified with a factor 8 between the shortest and
of the building. The aim was to test the influenck'® longest distance (10 discrete values are
of neon lights located in the corridor. When thBOSsible for the gain). Without such variable gains
light is on, the remaining 100 Hz on thdhe .BER was pretty hllgh for short dlstances
photodetector module is well filtered and has n@aking the system unsuitable when the car is too
influence at the TOlevel. Some errors can appeaflose to the traffic light. Here, when AGC is
when the light is switch on or switch off becausBerformed, we were able to transmit data with zero
of transient pulses that can affect the framestbuterror for 10 millions of bits sent.

is minor drawback. Both red and green lights have

same performances. C. Multi-channel capabilities

The Ou'[dOOI’ tests have been made in d|fferent Sl.mirst results Concerning the multi_channel

expositions, up to 50 m distance. The green lightcapabilites of the prototype are presented
shows lower performances and the associated hereafter. The results which are provided have
maximum distance is around 36 m. Firstly, itis peen obtained for several distances up to 15
probably due to the sensitivity of the photodetecteneters.

that is lower for green Wavelength_ than for the re(ﬂ)uring the experiment, we used the Milled code
one. Secondly, the sun spectrum is more (results are similar for Manchester code). The
disturbing in green range than in red one. We p|aﬁ‘equency of the emitter part was switched

to enhance this point in the future with highemgaipetween 6 and 15kHz allowing for two different

or plastic color filtering to reduce the influenae  channels of communication as explained in [15].
the sun light and to improve the signal to noise  The switch occurs every 61600 bits for a given
ratio. distance (1100 message composed of 7 ASCII




characters of 8 bits). The table 3 summarizes theNext step consists in finalizing the embedded

results that we obtained while sending 10 milliongpplication for experiments in several road
of bits. configurations with either static or moving
vehicles. The optical part is made in cooperation
Distance Incorrect Invalidated frames with Valeo industry and is also dedicated to be
(m) Bits multi-functions. It is also developed to be a
2 0 252 vehicle inter-distance sensor. We finally want to
5 45 255 test the system for different sunlight
10 225 307 configurations to evaluate the influence of rising
15 350 319 sun for example [14].

Table 3: Frequency switching for multi-channels

purposes. [1]

It can be seen that errors occur when the frequengy
is switched when transmitting data. This is due to
the fact that the frequency update is lower for thg
receiver than for the emitter. Therefore, it begins
to decode actual messages with previoys
frequency values. This necessarily implies errors
while receiving data. The invalidated frameg;
correspond to the ones that contain false positive
or negative edges. To detect such kind of frames,
it is only needed to measure the length of the
edges and to compare them to the ones of
Manchester or Miller codes.
While looking at these results, it is obvious thdf’
error-correcting codes must be included in future
prototypes. However, these results are quilg
promising regarding the BER. .
IV. CONCLUSION
[10]

We have developed a prototype using
commercial traffic lights and homemade emittet!]
and receiver boards using very simple codes for
visible light communications between vehicle anHZ]
infrastructures. We focused on hardware
electronics part and measurements of BER have
been presented, both indoor with light networks
perturbations and outdoor with sunny condition§1.4]
The BER results are lower than™10p to 50 m.
This result is good, knowing that we did not usé®!
error-correcting codes.
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