	Lighting Charts 
The secret of Color Correct Lights (full spectrum light) is in the color temperature. When our new customers give our lights a try, there is usually a gasp or some other lively emotional response as they see their everyday environment instantly transformed. 
Outdoor, Noontime, northern light has two, light-rating measures. One is CRI (Color Rendering Index) and the other is a Kelvin rating. This natural color temperature has a CRI of 100, and a Kelvin 5500. What separates our Lights from the rest are color temperature ratings. CRS Lights's are rated at a CRI 91 and a Kelvin of 5760. And, at a CRI of 92 and a Kelvin of 5000. The main quality of an excellent color temperature bulb, is its color rendering capability.
Below are Spectral Emission Distribution charts. These charts visually show you the colors you will see with each lighting type.
	 
	 

	
	
	

	
	With sunlight, you get a full array of the color spectrum.
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Three observations. 1. Notice how the yellow and green peaks. This is what you see. 2. Notice the lack of color spectra, in comparison to the other lights. 3. The blacks are flat lining on the right, contrast and form visibility is decreased.
 
 
CRS Light's True Lite offers a full range of the color spectra. Compare. Closest to the light spectra of natural sunlight. The black is even significant to improve contrast and to show form. 
 
 
The Artic Lite offers a very white light with less spectra. If change is difficult, we recommend this bulb as a transition bulb.





LEDs and CRI 
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Correlated Color Temperature Chart


Color Rendering Index  (CRI) indicates how well a test source renders eight standard colors of intermediate saturation, when compared to a reference lamp of the same color temperature.  Lab measured CRI is a comparison against a spectrally continuous red-weighted reference.  Field conducted CRI tests are subjective with Human observers when luminance levels are below 3 cd/m2.  

The industry is discovering that CRI is not the best metric for comparing LED light sources, especially at Mesopic levels.  Originally developed in 1964, this index is based on outdated color models and assumes illumination sources with broad spectral distributions, whereas LEDs are narrow-band sources.  And, nighttime lighting requirements fall primarily in the Mesopic range where our color sensitivity shifts with luminance, and there is no defined index.  Several standards bodies are addressing this deficiency, and in the interim, Color Temperature may be the most suitable tool for comparison because it is independent of observer subjectivity.
        

Correlated Color temperature (CCT) defines a color as the temperature in degrees Kelvin that a "black body" source must reach in order to produce that same color.  CCT describes the dominant color without regard to Human visual response or the source technology and is more appropriate for comparison of visual effectiveness at lower light levels and among different technologies. 



Context Sensitive Color Rendering from LED White Lighting

Maria R. Thompson & Una-May O'Reilly

Previous research has proven that integrated lighting controls can be highly effective at reducing the amount of electrical energy used for fluorescent lighting in commercial buildings. It is also known that advanced control strategies that use occupancy sensors to reduce lighting of unoccupied spaces can reduce energy consumption by at least 35% compared to already efficient systems [1]. Such advanced control systems can potentially enable further improvements in energy savings performance if coupled with the sophisticated controllability features afforded by Solid State Lighting (SSL) technology, such as light emitting diodes (LED). 

The components of a white multi-chip LED are essentially Red, Green and Blue (RGB) chips. The color properties of such a white light, are a function of the proportion of RGB used for the mix, and they have crucial influence on the appearance of objects and spaces lit by that light. The main color properties of white light are called Color Temperature and Color Rendering. Color Temperature, CT is the appearance of light emitted from a white light source. It defines how warm (yellowish), or how cold (bluish) a certain white light may appear [2, 3, 5]. Color Rendering, CR defines the color appearance of objects when illuminated by the white light source. Different light sources affect the color appearance of objects differently (figure 1). Light bulbs, such as incandescent and fluorescent bulbs, come from factory with a fixed value for CT and CR. Multi-chip white LEDs allow for modulation of those properties. 
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	Figure 1: Contrast between high color rendering (right) and low color rendering (left).The brightness and color temperature of the two images are equal


LED efficiency can be increased by strategically adjusting the values of CR [4]. While adjustable light output (dimming) is well understood as an effective method to save energy in unoccupied spaces, LED lamp efficacy can be increased up to 30% by strategically lowering the color rendering. The notable point is that while modulating CR, the light level and CT can stay constant and therefore the appearance of the light source stays the same. How the objects are rendered under the light source is a key, ensuing question. If they can be rendered without noticeable change in quality, we could manipulate the lighting quality in a room without people noticing it. At no time would the space appear dark, uninviting or potentially unsafe (because light level (i.e. brightness) and CT are not changed). Additionally, if it were possible to smoothly transition between different CR modulations, it would not create any apparent distraction. Everyone wants good lighting. And, no one wants irritating lights that poorly respond to activity in a manner that is supposed to be "intelligent". Our hypothesis is that the most valuable intelligent lighting will be completely invisible.  

Our first step toward this potential exploitation of context sensitive color rendering with white LEDs consisted of an investigation of the perceptual impact of dynamic modulation of CR with color-mixing white LEDs. In the Fall of 2005, we conducted a series of visual experiments which allowed us to understand if and how reduced CR would be acceptable for users. Observers evaluated a sequence of LED light settings and compare these to a reference source, an incandescent bulb. While we modulated Color Rendering, light levels and color temperature were held constant and the same as the reference source. We were able to demonstrate: (a) Perceived difference of different CRs; (b) Visual tolerance to reduced CR; (c) Correlation between reduced CR and various color reflectance (high and low saturation) to define ranges of colors that suffer the most from reduced CR.  

A year later, on a second research phase we followed up our booth experiments with a full scale mock-up pilot study. We asked the same questions concerning object rendering quality but we manipulated the light in the context of a much more realistic everyday environment, and the research focused on the evaluation of color perception under highly automated lighting control strategies. The search was primarily inspired by the same idea: bring the lighting of unoccupied spaces to minimum color rendering to reduce energy consumption without altering color temperature or light levels. If successful, the control technique could minimize peak hours lighting energy waste, and potentially enable up to 25% of power reduction. 

On this second phase a series of visual experiments were performed based on subjective assessment of color changes under modulated color rendering from white LEDs. Subjects evaluated a sequence of white spectra generated by a multi-chip LED system in comparison with a reference source (incandescent). Again, the color temperature and illuminance of all light sources were held constant, while each of the LED spectra had a different color rendering Index (CRI). The main research question was if people would notice when the lighting in the LED room was automatically transitioning through different color rendering. The hypothesis was that a range of color distortions would be negligible for the visual perception of several architectural settings. Visual tests were carried out for central and peripheral vision, using two full scale mockup rooms, where subjects compare the appearance of a dinning scene under LEDs and under incandescent lighting. Results confirmed the fundamental hypothesis, showing that the majority of subjects did not detect the color changes in their periphery while the same color changes were noticeable with direct observation. The outcome include fundamental guidelines for how to extrapolate the experimental results into real life and apply the data to architectural settings. Hypothetical architectural scenarios were presented and the potential for energy savings was discussed. The results also provided us with guideline data (and a deeper understanding) that indicate human perceptual tolerance to color rendering manipulation.  

The data is essential in the design of a software control system with LED ceiling panel hardware, an LED actuation network and a sensor network to support novel energy saving lighting control strategies. Such a control system could achieve savings by intelligently linking the current activity in a space to the output from modular LED ceiling panels. It would incorporate distributed sensing algorithms to allow context sensitive modulation of light properties, particularly color rendering.  
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Figure 2: Subject facing illuminated booth openings and color charts.
Modulation of light quality properties (such as CRI) is still an open question in the field of solid state lighting. The first phase of our project was presented at the 6th Light Research Office Symposium in Light and Color, Lake Buena Vista, FL, February 2006 [6]; and the second phase was presented at the CIE Expert Symposium in Visual Appearance, Paris, Octoberm, 2006. A more detailed analysis of the combined studies were the core of Maria Thompson?s PhD thesis [8]. We received support from Osram Sylvania who provided us with the LEDs. 
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CRI Chart
CRI, or Color Rendering Index, is a measurement of a light source's accuracy in rendering different colors when compared to a reference light source with the same correlated color temperature. It generally ranges from 0 for a source like a low-pressure sodium vapor lamp, which is monochromatic, to 100, for a source like an incandescent light bulb, which emits essentially blackbody radiation. The higher the CRI, the better the visual perception of colors. CRI is related to color temperature, in that the CRI measures for a pair of light sources can only be compared if they have the same color temperature (see Color Temperature Chart). 

The highest attainable CRI is 100. Lamps with CRIs above 70 are typically used in office and living environments. A standard "cool white" fluorescent lamp will have a CRI near 62.
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CRI from different Light Sources

	Light source
	CCT (K)
	CRI

	Low Pressure Sodium (LPS/SOX)
	1800
	~5

	Clear Mercury-vapor
	6410
	17

	High Pressure Sodium (HPS/SON)
	2100
	24

	Coated Mercury-vapor
	3600
	49

	Halophosphate Warm White Fluorescent
	2940
	51

	Halophosphate Cool White fluorescent
	4230
	64

	Tri-phosphor Warm White Fluorescent
	2940
	73

	Halophosphate Cool Daylight Fluorescent
	6430
	76

	"White" SON
	2700
	82

	Quartz Metal Halide
	4200
	85

	Tri-phosphor Cool White fluorescent
	4080
	89

	Ceramic Metal Halide
	5400
	96

	Incandescent/Halogen Light Bulb
	3200
	100



	Temperature
	Source

	1700 K
	Match flame

	1850 K
	Candle flame

	2800–3300 K
	Incandescent light bulb

	3350 K
	Studio "CP" light

	3400 K
	Studio lamps, photofloods, etc.

	4100 K
	Moonlight, xenon arc lamp

	5000 K
	Horizon daylight

	5500–6000 K
	Typical daylight, electronic flash

	6500 K
	Daylight, overcast

	9300 K
	CRT screen

	Note: These temperatures are merely approximations;
considerable variation may be present.


CRI Temperatures in Kelvin



CRI (Color Rendering Index) Chart

Color Comparisons

	CRI in conjunction with Color Temperature is the best way to draw comparisons between different light sources. A common misconception is that color temperature and color rendering (CRI) both describes the same properties of the lamp. This is not true. Color temperature describes the color appearance of the light source and the light emitted from it. Color rendering describes how well the light renders colors in various objects. However, the two are interconnected. To compare the CRI ratings for any two given lamps, they must have the same color temperature for the comparison to have any meaning. The chart below shows the approximate color temperature and CRI ratings for each type of lamp. Always look on the bulb or ask the salesman for more exact ratings.
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