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Analysis of Lighting Control System for Applications
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Abstract : This study examines the influence of lightshelf configurations on photosensor-based lighting control in a
narrow-shaped office space. Computer simulations were conducted for three options for window configurations including
lightshelf under a variety of daylight conditions. Results indicate that daylight factors under lightshelves conditions
were lower than that of the conditions without lightshelf, since the lightshelf functions as an overhang that blocked
incoming daylight to workplanes. The amount of dimmed light for the case with and without lightshelf was approxi-
mately equal. The photosensor positioned 2 m away from window provided excessive dimming under all sky conditions
and failed to provide a target illuminance. The photosensors at 5 m and 8 m away from the window were effective
under clear and partly cloudy sky conditions. The control system generated excessive dimming under overcast sky and
undershot the target illuminance. When lightshelves were used, the correlation between workplane illuminance and
photosensor illuminance by daylight was stronger compared to the case of no lightshelf. At least, 67.8% of lighting
energy savings on average was achieved by the lighting control system.
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Figure 2. Configuration of lightshelf (Top: Alt. #A, Middle:
Alt. #B, Bottom: Alt. #C).
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Figure 3. Section of fluorescent fixture.
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Figure 4. Photosensor configuration.
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Figure 7. Daylight factor (Clear sky, Desk 8m, Top:
March/21, Bottom: June/2)
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Figure 8. Dimming system performance under clear sky
(Top: Mar/21, Middle: June/21, Bottom: Dec/21).
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Figure 9. Dimming system performance under partly cloudy
sky (Top: Mar/21, Middle: June/21, Bottom: Dec/21).
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Figure 10. Dimming system performance under overcast
sky (Top: Mar/21, Middle: June/21, Bottom: Dec/21).
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Figure 11. Example of daily dimming control for a
photosensor at 2 m on March 21 under overcast sky (Top:
Alt. #A, Middle: Alt. #B, Bottom : Alt. #C).
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Figure 12. Relationship between workplane and photosensor
illuminance by daylight (Top: 2 m, Middle: 5 m, Bottom:
8 m).
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Table 2. ANOVA for relationship between workplane and photosensor illuminance by daylight
i Unstandardized Coefficient ANOVA
Light SCI.IS.OI‘ Variable t Sig. - 1
-shelf  position B Std. error F test Sig.
Constant -137.38 67.99 -2.02 0.04
2 m F(1,84) = 860.02 0.00 0.9110
Slope 2.035 0.06 29.32 0.00
Constant -17.75 13.21 -1.34 0.18
Alt. #A 5m F(1,84) = 691.7 0.00 0.8920
Slope 0.355 0.01 26.3 0.00
Constant -4.19 6.08 -0.81 0.42
8 m F(1,84) = 2421.1 0.00  0.9660
Slope 0.305 0.006 49.21 0.00
Constant -197.96 42.98 -4.61 0.00
2 m F(1,84) = 796.51 0.00  0.9050
Slope 1.679 0.059 28.23 0.00
Constant -17.74 9.45 -1.87 0.06
Alt. #B 5m F(1,84) = 74444 0.00 0.8990
Slope 0.357 0.01 27.28 0.00
Constant -71.51 421 -1.78 0.07
8 m F(1,84) = 2935.01 0.00 0.9720
Slope 0.315 0.01 54.17 0.00
Constant 144.68 4789 -3.02 0.00
2 m F(1,84) = 6358 0.00 0.8880
Slope 1.604 0.06 23.21 0.00
Constant 7.62 443 1.71 0.09
Alt. #C 5m F(1,84) = 2164.8 0.00  0.9640
Slope 0.274 0.01 46.52 0.00
Constant -3.65 391 -0.93 0.35
8 m F(1,84) = 2726.6 0.00 0.9710
Slope 0.27 0.01 5221 0.00
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Table 3. Electric lighting energy savings for sky conditions

Lightshelf Clear sky Partly cloudy sky Overcast sky
Type 2 m 5m 8 m 2 m 5m 8 m 2 m 5m 8 m
3/21 90.0 84.6 834 90.0 78.2 76.7 84.0 48.7 47.6
Alt. #A 6/21 90.0 76.4 77.0 90.0 80.4 80.2 89.2 514 514
12/21 89.2 81.9 822 814 72.9 72.6 62.9 44.0 432
3/21 90.0 713 71.2 89.9 75.5 77.3 66.8 46.8 459
Alt. #B 6/21 86.7 51.8 51.5 90.0 66.1 69.4 80.9 493 49.0
12/21 84.8 824 80.7 80.7 71.5 70.2 47.6 42.9 42.1
3/21 90.0 81.6 71.9 90.9 79.5 78.1 672 47.1 45.1
Alt. #C 6/21 86.4 54.1 52.1 90.0 70.7 71.8 81.0 48.9 48.0
12/21 85.1 324 80.8 80.0 71.4 71.4 47.8 42.8 41.9
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