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6.9.2.2 CSK (Color Shift Keying)

CSK (Color Shift Keying) is a new modulation scheme proposed for the standard. CSK assumes VLC systems which consist of multi color light sources and photo detectors, which is same as WDM. Although WDM is one of the methods for high speed data transmission, CSK has some advantages over WDM (Multi color OOK).

1) Connectivity is guaranteed by the color coordinates
CSK channels are decided by mixed colors that are allocated in the color coordinates plane. Therefore, the connectivity is guaranteed by the color constellation on the xy color coordinates.
2) Total power is constant
In CSK concept, the total power of all light sources is constant; therefore, the envelope of the sum of all light signals is constant.
2) Variable bit rate 
In OOK case, the raw bit rate (code rate=1) is decided by just the symbol rate. That means OOK bit rate limited by the frequency response of the LED.
In CSK case, the raw bit rate is decided by the symbol rate and the number of color points on the constellation. That means CSK bit rate is not limited by the frequency response of the LEDs.

6.9.2.2.1 CSK principle
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 Figure 33 - CSK system

Figure 33 shows the CSK system configuration with 3 colors (Bnad i, j and k) light sources.
After scrambling and channel coding, transmitting data is transformed into xy values according to the mapping rule on the xy color coordinates by the color coding block.

Figure 34 shows the CIE1931 xy color coordinates with the color mapping for 4 point CSK (4CSK) . In this case, 4 color points are defined. That means this system can send 2 bits data information per symbol.
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Figure 34 - CIE1931 xy color coordinates
(xi,yi), (xj,yj), (xk,yk)  shows the xy coordinates of the 3 light sources. And (xp,yp) shows the one of the allocated color point in 4CSK.

The color point (xp,yp) is generated by 3 light sources’ intensity Pi, Pj and Pk in figure 33. Those xy values are transformed into intensity Pi, Pj and Pk.


The relation between (xR,yR), (xG,yG), (xB,yB) , (xp,yp) , Pi, Pj and Pk is shown by following simultaneous equations.
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In those equations, Pi, Pj and Pk show the normalized intensity of each light source.


In the receiver side, xy values are calculated from received light powers of 3 colors. And xy values are decoded into the received data.
CSK symbols are provided as the visible colors which are made by 3 light sources.


And, the information is transmitted as the intensity ratio among 3 colors. Not as the each color’s absolute intensities like WDM.
6.9.2.2.2 Color calibration
VLC system could have some degradation, for example, color imbalance, color interference or other error on xy color coordinates caused by ambient light or own light device characteristics. Therefore, we have to prepare color compensation method.
Color calibration is proposed for solving the problem.
Figure 3x shows the CSK system with color calibration.
Before data communication, the system estimates the channel propagation matrix using orthogonal sequence included in the header of the frame.
The channel propagation matrix are 3x3 square matrix below.
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Propagation deviation can be compensated by multiplying the received signals and the inverted channel matrix as below equation.
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Figure 3x CSK system with color calibration.
Walsh code can be use as the orthogonal sequence for the channel estimation.

Figure 3y shows the Walsh codes for color calibration. During the training for the calibration, the light sources are modulated with OOK according to the Walsh codes.
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Accurate channel estimation can be expected by averaging 2 symbols.


Figure 3y Walsh code for color calibration.
6.9.2.2.3 Color constellation for CSK
Figure 35 shows the mapping rules (color constellations) for the CSK.. 


4CSK, 8CSK or 16CSK can send 2bits, 3bits or 4bits per symbol.


Those color constellations were decided for having same and max distance from adjacent symbols.
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Figure 35 - Color constellations for CSK
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