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Abstract This paper proposes a dimming calculation model for red/green/blue/ warm-white (R/G/B/WW) light
emitting diode (LED) based on four channels’ pulse width modulation (PWM). According to the characteristics of
two-channel and three-channel PWM, the proposed model adopts Chebyshev method of black body locus to
determine the relationship between chromaticity coordinate and correlated color temperature (CCT ) of the
synthesized light. When the color rendering performance is optimized, the functional relationships between
chromaticity coordinate and duty cycles, CCT and duty cycles of the mixed light are established. And the
experimental verification is carried out with R/B/G/WW LED. The experimental results show that R/G/B/WW
LED module can realize a wide range of CCT tunable white light from 2900 K to 7600 K. When the luminous flux is
set to 300 Im, the maximum relative error of CCT is 0.99%, and the maximum relative error of color rendering
index (CRI) of the mixed light is 0. 11%. When the luminous flux changes in the range of [150, 800], the
maximum relative error is 2.02% . The model can be applied to LED dimming of four channels. And its calculation
method is simple, the dimming precision is high, and the hardware is easy to implement.
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Table 2 Contrast between the set and measured values at luminous flux ¢ =300 Im

Set Measured Relative error of Measured luminous  Relative error of Set Measured  Relative error
CCT /K CCT /K CCT /% flux ¢ /Im luminous flux ¢/%  CRI CRI of CRI /%
2900 2890 0.34 303.40 1.13 96.1 96.0 0.10
3200 3213 0.41 302.73 0.91 96.0 96.0 0.00
3600 3605 0.14 300.86 0.29 96.1 96.0 0.10
4000 3977 0.58 299.23 0.26 96.1 96.0 0.10
4400 4366 0.77 297.84 0.72 96.0 95.9 0.10
4800 4757 0.90 297.86 0.71 95.9 95.9 0.00
5200 5191 0.17 295.62 1.46 94.8 94.7 0.11
5600 5552 0.86 295.75 1.42 94.7 94.6 0.11
6000 5956 0.73 294.49 1.84 94.6 94.5 0.11
6400 6349 0.80 295.20 1.60 94.4 94.4 0.00
6800 6733 0.99 294.10 1.97 94.3 94.3 0.00
7200 7162 0.53 293.69 2.10 94.3 94.2 0.11
7600 7591 0.12 293.28 2.24 94.2 94.1 0.11

0423002-4



K3 R/G/B/WW LED St 58l it & 45
Fig. 3 Testing system of R/G/B/WW LED source module
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Fig. 4 Lighting effect photos of R/G/B/WW LED module. (a) Veer =3000 K; (b) Veer =5000 K; (¢) Veer =7000 K
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Table 3 Contrast between the set and measured values at Veer =5000 K

Measured Relative error of Set luminous flux  Measured luminous Relative error of Measured

CCT /K CCT /% ¢ /lm flux ¢ /lm luminous flux ¢ /% CRI
5098 1.96 150 152.95 1.97 94.6
5010 0.20 200 200.35 0.17 94.6
4989 0.22 250 247.77 0.89 95.7
4952 0.96 300 295.84 1.39 95.7
4922 1.56 350 344.26 1.64 95.8
4922 1.56 400 391.93 2.02 95.8
4905 1.90 450 442.06 1.76 95.8
4908 1.84 500 490.03 1.99 95.8
4893 2.14 550 540.98 1.64 95.9
4867 2.66 600 591.28 1.45 95.9
4867 2.66 650 642.41 1.17 95.9
4867 2.66 700 692.00 1.14 95.9
4853 2.94 750 742.05 1.06 96.0
4863 2.74 800 791.58 1.05 96.0
4956 0.88 850 810.09 4.70 96.0
5070 1.40 851 824.18 3.15 95.0
5098 2.94 851 824.18 4.70 96.0
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