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Two types of vehicular data, i.e., the vehicular ID and multimedia data, are encoded as the low-rate and high-rate data streams and simultaneously transmitted using a single LED. The vehicular ID is used to distinguish between different vehicles, whereas the multimedia data are transmitted after establishing a connection with a specific vehicle. To modulate both data streams in a single LED, we proposed BPPM utilizing multiple power levels of the LED. Data decoding using different intensity levels is challenging, so we have considered two intensity levels in pulse position modulation (PPM) for feasibility.
Reference architecture 
The reference architecture of bi-level pulse position modulation (BPPM) is shown in Figure 1. Each of the rear LEDs transmits the same information concurrently. High-speed data streams are modulated with a PPM scheme and low-speed data streams are transmitted by modulating the pulse amplitudes of the high-speed streams at two different intensity levels. Thus, a composite waveform consists of both high-rate and low-rate streams is emitted from the transmitter that travels through the optical channel and gets received in the camera receiver. It experiences motion blur owing to the high mobility of vehicle and also noise caused by interfering light sources.

[image: ]
Figure 1. Block diagram of BPPM transmitter.

BPPM encoder
 
In the high-rate PPM stream, 1 and 0 bits are represented by a pulse of the same amplitude at the opposite end of the bit period, respectively. Low-rate data streams are transmitted by modulating the pulse amplitudes a group of consecutive high-rate streams at two different intensity levels. In Figure 2, eight high-rate bits are considered as a group to represent one low-rate bit. If the low-rate bit is 1, the amplitude of the consecutive eight bits to the highest intensity level and for low-rate bit; they are assigned to another level. Any number of consecutive bits (>1) can be selected to modulate the low-rate data. To decode the high-rate data, all bits are compared with a low threshold level, ThL. And for low-rate stream, the amplitudes of the eight consecutive high-rate streams are compared with a high threshold level, ThH. To remediate the flickering effect observed by the human eye, the modulation frequency of both streams should be maintained above 100 Hz.
[image: ]
Figure 2. BPPM waveform for a single camera-based optical vehicular communication.


Proposed BPPM data packet format

[image: ]
Figure 3. Proposed BPPM PSDU field structure.
The PSDU field carries the data of the PHY frame and it can contain an arbitrary number of payload bits. The end of the PSDU field is indicated by the presence of another SFD, i.e., the preamble frame. The overall structure of the proposed BPPM data packet format is shown in Figure 3.
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