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Abstract

LED light sources are finding more applications
than conventional light bulbs due to their
compactness, lower heat dissipation, and most
importantly, real-time color changing capability.
Color mixing provides an important means to
obtain white light of controlled color temperature
by combining RGB arrays of LED’s. The basic
principle of color mixing relies in the utilization of
a strong enough diffuser where the angular
spread of the diffuser exceeds the angular spread
of the LED sources. Accurate control of colors for
RGB LED lights is a challenging task, which
includes optical color mixing, color light intensity
control and color point maintenance due to LED
Jjunction temperature change and device aging.

This paper evaluates a color control algorithm for
LED lights with independently changeable
illuminance. The algorithm adjusts the light
intensity to obtain desired color with alterable
illuminance. To verify the validity of the
algorithm, it was applied to control of a LED
module (Red, Green, Blue, and White).

Introduction

Light emitting diode (LED) lightings have a great
potential in the future due to its long lifetime and
small size [1], Especially, an LED lighting
composed of the red, green, and blue (RGB) LEDs
can change its light color. To achieve a desired
color, the light intensities of each red, green, and
blue LEDs should be controlled by the color mixing
theory [2], The pulse-width modulation (PWM)
dimming is widely used to regulate the light
intensity of LEDs. The LED light intensity can be
changed linearly by the PWM dimming signal. A
color control method has been reported in [3] to
obtain a relation matrix between tristimulus values
and PWM dimming duty ratio. Each element in the
relation matrix of each LEDs, however, can be
determined by measuring tristimulus values at
various dimming levels. Since this method
processes a number of experiment data, this may
causes errors. The independent control of light
intensity of LED’s maintaining a color temperature
is hard to realize due to the non-linear relationship
between the tristimulus values and light intensity.

This paper presents an alternative color control
algorithm which changes the color by simply
setting a color axis of a desired color. The desired
light intensity can be independently controlled.

CIE color space

Different wavelengths of light cause different
excitation levels to human eyes. To quantify this
feature the Commission Internationale de
L'Eclairage (CIE) standardized the eye sensitivity
function V(A) This function is also known as the
luminous efficiency function of optical power to
luminous flux. The human eyes distinguish color
based on three main colors, red, green, and blue.
The CIE defines the relative spectral sensitivity of
the three primary color, x(), y(A),z(A). These are
referred as the color matching function. The green
spectral sensitivity y(A) is generally identical to the
eye sensitivity function V(A) [4].With three
reference colors, any color in the triangle area
which is made of the three colors can be generated.
According to additive color mixing theory, the
coordinate of mixed colors is linear-combination of
the coordinates of each source in the CIE x-y color
space.

Color Control Algorithm for LED

Fig. 1 shows the block diagram of the color change
process. The input vector that denotes the desired
light involves three parameters. x,, and y,, are the
color coordinate of the desired light in CIE 1931
color space, and I is the illuminance value that
specify the brightness of the light. The output
vector consists of four PWM dimming duty ratios
for each LEDs. There is a linear relationship
between the illuminance and dimming value for
each LED. The desired color can be achieved by the
proper combination of the light intensity.

The color temperature can be controlled easily
using the proposed color control algorithm. The
illuminance can be varied without changing the
color. The color change process can be divided into
two parts: a linear function between PWM dimming
duty ratio and illuminance of respective LEDs, and
a relation from CIE1931 color diagram to
illuminance of each LEDs.
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Figure 1 : Block diagram of RGBW LED color
change algorithm

There is a linear relationship between the
illuminance and PWM driving duty ratio of
respective LEDs. The illuminance has the direct
proportional relation to the driving current. The
desired illuminance can be expressed by the
following equations. The coefficient matrix C; and
C, depend on the characteristic of LEDs. I is the
illuminance of LED lights while D means the PWM
duty ratio. The subscript R, G, B, and W mean the
color of LED.
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From (1), the illuminance of each LEDs can be
determined by the input vector. The color
coordinates of mixed color can be expressed by the
following equation:
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Matrix A is shown below. It needs to employ the
generalized inverse matrix. The condition for
generalized inverse matrix of any m*n matrix is
that the rank of the matrix is either m (right
generalized inverse) or n (left generalized inverse).
In this RGBW color change algorithm, A isa 3 X 4
matrix. As the x coordinate and y coordinate of
RGBW LED are different, there is no row with all
the variables zero.
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The rank of the matrix A equals 3. The right
generalized matrix is shown as: A' = AT(AAT)" .
The whole color change algorithm can be
automatically implied by a digital control system.

Experimental Results

In order to verify the color accuracy with color
change algorithm, an experimental set up had been
built. Fig. 2 shows the schematic of an RGBW LED
light source. In the experimental system, we used
OSRAM LED.

Driver Module

LED Module

---------------------

Figure 2 : Schematic of RGBW LED source

LED module set was constructed by ten red LEDs,
ten green LEDs, ten blue LEDs and ten white
LEDs. The LEDs were mounted on the heat sink.
The four independent buck converters operating at
a constant switching frequency driven the RGBW
LED. The color change system was implemented in
a digital control board using "MATLAB" language,
which supplied the enable signal for drivers with
the PWM tum-on and turn-off waveform. There
was a 4x4 keyboard in the digital control board to
input the desired color. Users can simply achieve
the required color by just inputting the color
coordinate and brightness value. There was also a
serial port inside the DSP control board which can
communicate with the computer through RS232.

The experimental set up as described was used to
verify the performance of the color change
algorithm. The whole control and drive system
were first calibrated at a fixed temperature by
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adjusting four respective driving current for red
green blue and white LEDs. The KONICA
MINOLTA CL200 colorimeter was used to test the
color coordinates and illuminance of the achieved
color. The color performance of the control system
was verified. The illuminance change was less than
2% under the color temperature from 3000 K to
7500K. The color deviation was T<100K with
illuminance level of 70%.
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Figure 3 : Measuring LED color temperature while
maintaing illuminance values constant
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Figure 4 : Measuring Illuminance while color

temperature is constant

Conclusion

Color control is an important issue in the design
and manufacture of LED lighting systems. Due to
device variation, aging and sensing nonlinearity,
achieving color precision and standardization for
large number of LEDs is often a difficult ask.
RGBW LED has a large potential in lighting
application, especially to get the instant colors.
However, due to the device aging and sensing
nonlinearity, the accuracy and system complexity is
still a difficult task. A digital color change system
without various sensors has been proposed in this
paper. The system can achieve the desired color

dynamically and reduce the complexity for using
feedback control loops.

References:

[1] S.Muthu, F.Schuurmans, and M. Pashley, "Red, Green, and
Blue LED based white light generation: Issues and control",
industry Application Conference, Vol. L.

[2] E. F. Schubert, Light-Emitting Diodes. New York:
Cambridge University, 2006.

[3] Xiaohui Qu, Siu Chung Wong and Chi K. Tse, " Color
Control System for RGB LED Light Sources Using Junction
Temperature Measurement”, The 33rd Annual Conference of

the IEEE Industrial Electronics Society (IECON). Nov. 5-8,
2007.

[4] G. Wvszecki and WS. Stiles, color science. New York:
Wiley, 1982

2009 IEEE International Advance Computing Conference (IACC 2009)

203




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


