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roduction to

* Visible Light Communications (VLC) represents
the usage of LEDs for both illumination and
wireless data transmission;

¢ IEEE 802.15.7 draft standard (2011);

* World-wide unregulated, almost unlimited
spectrum enables high data rates (3 Gbps - 2014);

e Safe for the human body and for electronic
equipment (unlike RF or IR);

¢ Ubiquitous technology with reduced
implementation cost;

* VLC in the Intelligent Transportation System (ITS)
- based on LED vehicle lighting systems, street
lighting, traffic lights.
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* [2V & V2V have the potential to address up to 81% of the
traffic accidents.

e VLC is an alternative and/or a complement to RF based
communication in several scenarios (e.g. high traffic
densities lead to increased latencies, unacceptable for a
reliable safety system).

* VLC could reduce the load on the RF channels;
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Fig. 1 — Scenarios for VLC usage in the ITS

modulations and coding

« Intensity Modulation (IM) is considered to be the most
appropriate modulation technique for VLC;

« IEEE 802.15.7 specifies for outdoor application (PHY I)
‘lc(lll)e u)sage of OOK with Manchester coding (11.67 - 100
Ps);
* Miller code has similar characteristics but seems better
suited for MIMO applications (Fig. 2);
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Fig. 2 — PSD for NRZ, Manchester and
Miller code at 11.67 kHz
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aluation of multi-channel capabilities

* For the Manchester code, the five carriers overlap,
making the separation quite difficult and introducing
decoding errors.

e For the Miller code, the five channels can be well

distinguished.
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Fig. 3 — Simulation for five channels configuration, using the Miller :
respectively the Manchester code.

+ Flickering is prevented when the light intensity changes
within the Maximum Flickering Time Period (MFTP=5ms);

* The brightness intensity at byte level is determined (Fig. 4);
* The brightness intensity at MFTP level is determined (Fig.
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§§,§E2m Hardware mplementation

* A VLC system has been developed (Fig. 7);

* The emitter-receiver link has been tested using the
frame illustrated in Fig. 6.

Variable distance

Fig. 7 — Synopsis of the VLC receiver

* Tests were performed under
various conditions, to
determine the BER for the two
codes.

® The similar performances of
the two codes are
experimentally confirmed;

Fig. 8 — Hardware VLC system
Table | — Results at a 15 kHz modulation frequency

Emitter-
Receiver Datacoding| BER | Testing conditions
Distance

1-50m Manchester <107 Outdoor with
Miller daylight

1-20 m Manchester <107 Indoor with
Miller artificial light 8
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nclusions

* A comparative analysis between the Manchester and the
Miller codes was performed;

* The Miller code has better channel usage;

* The Manchester code has better flickering performances,
however the flickering induced by the Miller code is
unperceivable;

* The two codes had similar BER results (experimentally
confirmed);

¢ Since the Manchester and the Miller codes are similar in
BER performances, but the latter has better channel usage,
we can state that the Manchester code is adequate for
single channel communications, whereas the Miller code is
better suited for MIMO applications.

itler Code Usage in Visi
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