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5.5.3 Dimming and Flicker mitigation support 
This subclause outlines the methods provided in the standard for dimming and flicker mitigation support. 
5.5.3.1 Light dimming
Light dimming is defined as controlling the perceived brightness of the light source according to the user's requirement and is a cross layer function between the PHY and MAC. The details on the light dimming function of MAC layer are shown in 7.3.10.
5.5.3.1.1 Idle pattern and adjustment time dimming
An idle pattern whose duty cycle variation results in brightness variation may be inserted between the data frames for light dimming, as shown in Figure 6. The idle pattern selection is not specified in this standard. An idle pattern can either be in-band or out-of-band as defined by the modulation domain spectrum and both types of idle patterns are supported in this standard. An in-band idle pattern does not require any change in the clock and can be seen by the receiver. An out-of-band idle pattern is typically at a much lower frequency than the optical clock rate and is not seen by the receiver. The adjustment time (which means "ON" and "OFF" time of a light source) may be also inserted into either the idle pattern or into the data frame to reduce or increase the average brightness of a light source. 
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Figure 6 – Example of Idle pattern and adjustment time dimming
5.5.3.1.2 Visibility Pattern dimming

Visibility patterns are in-band idle patterns that are specifically used in the payload of a visibility frame. The visibility patterns are used for supporting features such as flicker mitigation, continuous visibility, device discovery and color stabilization. The visibility patterns are not encoded in the PHY layer and do not have a FCS associated with them. In order to generate high resolution visibility patterns from 0% to 100% in steps of 0.1%, there are certain constraints that need to be used in the design criteria for visibility patterns.

1) The number of transitions between 0's and 1's should be maximized to provide high frequency switching in order to avoid flicker and to help the CDR circuit at receiver for synchronization purposes, if used.

2) Visibility pattern generation should be made in a simple manner. Designing a thousand patterns to support low resolutions (as low as 0.1% resolution) is not practical and makes visibility pattern generation and use very complex.

3) Since visibility patterns are transmitted without changing the clock frequency (in-band), the patterns avoiding conflicts with existing RLL codewords are recommended.

The generation of the visibility patterns and their usage is defined in 6.9.6.2.2
5.5.3.1.3 Amplitude dimming
Amplitude dimming controls the brightness by changing the current driving the light source. However, a color shift of the light source may arise from the control of driving current for amplitude dimming. A color stabilization scheme for illuminators is provided in 6.9.6.4. 
5.5.3.1.4 OOK dimming
Since OOK modulation is always sent with a symmetric Manchester symbol, compensation time needs to be inserted into the data frame to adjust the average intensity of the perceived source. The structure for the OOK dimming frame is as shown in Figure X.  This process breaks the frame in sub-frames and each sub-frame can be preceded by a resync field that aids in readjusting the data clock after the compensation time.  The data frame is fragmented into sub-frames of the appropriate length after the FCS has been calculated and the FEC has been applied. An example of OOK dimming to increase brightness by adding compensation symbols is as shown in Figure Y. 
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Figure X – OOK dimming structure
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Figure Y– Example of OOK dimming support to increase brightness
5.5.3.1.5 VPPM dimming
VPPM is a modulation scheme adapted for pulse width light dimming and offers protection from intra-frame flicker. The light intensity for the payload can be adjusted by adapting the pulse width of VPPM symbols. The light intensity for the preamble and header can be adjusted by inserting compensation symbols of the appropriate length and intensity before the frame, as shown in Figure Z. The details on VPPM dimming are described in 6.9.6 and Annex F. 
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Figure Z – Example of VPPM dimming
5.5.3.1 Flicker mitigation



Flicker is defined as the fluctuation of the brightness of light that can cause noticeable physiological changes in humans. This standard strives for the mitigation of flicker that may be caused due to modulation of the light sources for communication. 

The maximum flickering time period (MFTP) is defined as the maximum time period over which the light intensity can be changing but the resulting flicker is not perceivable by the human eye [B37]. To avoid flickering in VLC, the brightness during each MFTP needs to be equal.

The flicker in VLC is classified into two categories according to its generation mechanism: intra-frame flicker and inter-frame flicker. Intra-frame flicker is defined as the average brightness discrepancies within the data frame transmission or reception. Inter-frame flicker is defined as the average brightness discrepancy between the packet frame transmissions and the idle time between data transmissions. 
5.5.3.1.1 Intra-frame flicker mitigation
Intra-frame flicker compensation is accomplished by the use of one of the following modulation schemes that limit the run length of the transmitted data: Manchester encoding as specified in 6.6.4.2, 4B6B encoding as specified in 6.6.4.1, 8B10B encoding as specified in 6.7.3.2 or VPPM as specified in 6.9.6 and Annex F”.
5.5.3.1.2 Inter-frame flicker mitigation
The mitigation scheme used for inter-frame flicker is the transmission of an idle pattern between data frames whose average brightness is equal to that of the data frames, as defined in 5.5.3.1.1. 
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