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6.8 Type 1 and Type 2 Common Part
6.8.1 Flicker Compensation
The flicker means the periodic or non-periodic brightness fluctuation human eye can perceive. It can be injurious to human eye and human health. Therefore, the standard supports flicker compensation. Infrastructure devices and coordinators shall be compliant to all applicable regulations in regards to flicker compensation. 

The flicker in VLC is classified into two categories, intra-frame flicker and inter-frame flicker, according to its generation mechanism. Intra-frame flicker means the flicker appears from the brightness discrepancies between the bit patterns of “1”s and “0”s inside data frame, and inter-frame flicker indicates the flicker appears from the average brightness discrepancy between the packet frame transmission time and the idle time which means non-transmission time. The possibility which the flicker appears is higher in low data rates than in high data rates.
6.8.1.1 Intra-frame Flicker Compensation
The intra-frame flicker compensation can be accomplished by three technologies, which are the use of Manchester or 4B6B line code or VPM(Variable Pulse Position Modulation) modulation, in this standard. Two methods of them belong to line code scheme and the other belongs to modulation scheme. The use of Manchester line code or VPM modulation prevent the intra-frame flicker through the property that the optical signal to which they are applied has the same brightness both in bits “1” and “0”, respectively. 4B6B line code compensates it from the property that the optical signal of 6 bits converted from 4 bits data is converted into 6 bits applied always shows the constant average brightness being independent of data patterns.  The details on 4B6B line code and VPM are described in clauses 6.9.1.1 and 6.9.2.3, respectively.
6.8.1.2 Inter-frame Flicker Compensation
The discrepancy of the average brightness between the data transmission time and the idle time is resulted in the inter-frame flicker because the VLC light source may be always “ON” or “OFF” state on the idle time in which no data is transmitted. Therefore, to compensate the inter-frame flicker, the idle pattern whose average brightness is equal to that of data frame is sent between the data frames that has the same duty cycle as the modulated frame but the pulse repetition rate (exact repetition rate is TBD) is set much lower so as not to cause “in band” interference with any VLC modulation. Any types of idle pattern can be used to compensate it when the use of Manchester line code or VPM is applied to VLC, but the pattern types which are occupied for the idle pattern are employed on the use of 4B6B line code.
6.8.2 Light Dimming
Light dimming means that the brightness of light source is controlled according to user’s requirement. Light dimming is a Cross layer function; it is related to PHY layer and MAC layer. The details on the light dimming function of MAC layer are shown in clause 7.4.11. Light dimming in aspect of PHY layer can be accomplished by three technologies as follows.


6.8.2.1 VPM Dimming
VPM is a modulation scheme for the light dimming as well as the protection from the intra-frame flicker. The light dimming, when VPM is used in VLC, is realized by the pulse width control. The details on VPM dimming are described in clauses 6.9.2.3 and 6.9.2.3.1.
6.8.2.2 Idle Pattern and Adjustment Time Dimming
The idle pattern, whose duty cycle variation is resulted in the brightness variation, can be inserted between the data frames for light dimming. The adjustment time which means “ON” and “OFF” time of a light source can be also inserted into either the idle pattern or into the data frame, as shown in figure 30, to reduce or increase the average brightness of a light source. 
However, the use of idle pattern for light dimming is in conflict with the inter-frame flicker compensation because that can be resulted in the inter-frame flicker. “ON” and “OFF” times of light source are essential to the dimming through the use of idle pattern, but they decrease the communication efficiency extremely. Therefore, the standard supports that the idle pattern is used only on the applications such as P2P communication which the flicker is allowed.
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Figure 30 – Idle Pattern and Adjustment Time Dimming
6.8.2.3 Analog Dimming
Analog dimming indicates the brightness control by changing the current going into the light source which is resulted from adjusting the signal amplitude. However, the color shift of light source can arise from the control of driving current going into the light source for dimming.  
6.8.3 Idle Pattern 
As described in clauses 6.8.1.2 and 6.8.2.2, the idle pattern can be used to compensate the inter-frame flicker and to allow a light source to have the dimming function. However, the use of idle pattern for light dimming is in conflict with the inter-frame flicker compensation because that can be resulted in the inter-frame flicker. “ON” and “OFF” times of light source are essential to the dimming through the use of idle pattern, but they decrease the communication efficiency extremely. Therefore, the standard supports that the idle pattern is used only on the applications such as P2P communication which are independent of flicker and it allows to be used only for the inter-frame flicker compensation on the applications which need the non-flicker.
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