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Abstract

This report consists of a compilation of test results on the color measurement of “colored” (color-coated) bulbs and is intended to support the GTB Regulation No.37 (R37) bulb color proposal. Results from independent measurements carried out by General Electric Lighting, Osram Sylvania, and Philips Lighting confirm that the proposed method is effective in evaluating the new requirements (conformance to ECE white light specifications) for the allowable color tolerances. 

Introduction

During the November 1999 GTB meeting a proposal (document CRP #3) was tabled by W. van Dam to change the colorless bulb requirement in R37. In December 1999 this proposal was also considered at the SAE replaceable bulb task force meeting. Representatives of the lighting industry (Federal Mogul, General Electric Lighting, Osram Sylvania, and Philips Lighting) have since investigated whether the regulatory goal can be achieved with the proposed measurement method. A summary of the investigations is presented in this report.

Test Apparatus and Procedure

General Electric Lighting (GEL), Osram Sylvania (Osram), and Philips Lighting (Philips) have carried out tests based on the same principle of determining the spatial chromaticity distribution within a well-defined angular region around the bulb. This distribution is determined  by measuring color coordinates of individual rays emerging from a position on the bulb surface within the defined angular region.  Detailed descriptions of the test set-ups and measurement procedures are presented in Appendices A, B, and C for GEL, Philips, and Osram respectively. 


Measurements can be carried out with the bulb in fixed position, while the detector rotates around it (Philips), as well as by rotating and tilting the bulb in front of a fixed detector (GEL, Osram). The key input variables of the test method are angular acceptance of the detector and the measurement grid. Values of the key input variables that define the three applications of the originally proposed measurement method are summarized in Table 1.
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Test set-up
Angular acceptance of detector

(degrees)
Measurement points 

per test

GEL
1.3
13

Osram
5
1140

Philips
15
252

The experimental test results indicate insensitivity to the key input variables provided that:

1. Measurement points cover the full extent of the base area of the conical measurement volume;

2. The angular aperture of the colorimeter is between 1.3° and 15°.

Measurement results

The three tests provide a data set comprising a representative sample of bulbs.  An overview of the bulbs, which were used in the tests, is given in Table 2. 
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Test
                                              Bulbs tested



GEL
 9004 clear

 9004 absorption coated

 9004 interference coated
9011 (HIR)

9012 (HIR)

Osram
 9004 interference coated

 9005 blue

 9006 blue
H1 blue 

H7 blue



Philips
 H4 standard

 H4 Blue Vision
 “brand X”

The test results indicate that a clear distinction exists between bulbs that exhibit very little color separation, and bulbs that have widely spread color coordinates for different spatial measurements across the bulb surface. The former bulbs have color coordinates that fall within the ECE white light area, and the latter color coordinates, which fall outside of the white light boundaries over a broad area. 

Measuring the color of emitted light in an integrating sphere has the disadvantage that the result is averaged and does not reflect the color of individual rays. Using the proposed method will clearly identify any rays outside the acceptable white light area.

Conclusions and Recommendations

Although only a small number of bulbs out of the large variety presently found on the market could be examined, it is obvious that the introduction of this test will allow to clearly identify a large fraction of these as non-compliant. The verification of non-compliance is very easy, because one measurement result outside the white light area is sufficient. 

The test criterion is very suitable because it directly relates to the color of light emitted by the headlamp. Usually, the optics of a headlamp does not change the color of a light source significantly.

 
It is therefore recommended to amend ECE Regulation No.37 in the way proposed by GTB. Furthermore, global adoption as a standard to foster harmonization is supported.
APPENDIX A

General Electric Lighting Test Method and Results
A.1 Test Method

A.1.1  Apparatus and Procedure

A schematic view of the General Electric test set-up is shown in Figure A.1. The bulbs are mounted on the table of a type-A goniometer. A colorimeter is placed at 10 ft distance from the center of the table. At this distance the angular acceptance of the colorimeter is 1.3°. 

Both double filament 9004 (HB1) bulbs and single filament coated HIR bulbs were tested. For the double filament bulbs the major filament is energized during the tests.  All bulbs are positioned in normal (horizontal) operating position, with reference axis perpendicular to the detector axis, when the goniometer is at (x=0,y=0). For double filament bulbs, each bulb is positioned so that the major filament axis is perpendicular to the detector axis as well. 


During the measurements the bulb is rotated and tilted in front of the fixed detector.

Color coordinates are measured over a grid that falls within a cone, which has its symmetry axis coinciding with the detector axis, and top-angle located in the center of the filament. The grid points are listed in Table A.1 and graphically depicted in Figure A.1.
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A.1.2  Test Bulbs 

Preliminary tests were limited to 9004 and HIR bulbs. Both clear and coated 9004 bulbs were tested. The coated bulbs can be further divided into bulbs with absorption coatings and bulbs with visually perceived light and dark interference coatings. A summary of all tested bulbs is given in Table A.2.
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Bulb type
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Clear
A,B
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Blue (absorption)
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9004 (HB1)
Blue (light interference)
D
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Blue (dark interference)
D,E.F
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9012 (HIR2)
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A.2 Results
The measured color coordinates for the 9004 and HIR bulbs are plotted in Figures A.2 and A.3, respectively. These figures are sub-sections of the CIE chromaticity diagram, with the boundaries of the ECE white light area marked as solid lines. 

Figure A.2 shows that the color coordinates for clear and absorption 9004 bulbs have very little spread over the conical measurement grid, and fall well within the white light area.  For the light interference coated bulb (manufacturer D) a larger spread in x and y is observed, but the conglomerate of measurements is still located within the boundaries of the white light area. The dark interference coated bulbs, however, show a large spread over the conical measurement grid, and have color coordinates that predominantly fall outside of the white light area. 

The measurements on HIR bulbs in Figure A.3 show that the color coordinates of the tested coated HIR lamps are very stable, and well within the specified limits.

[image: image5.emf]0.25

0.27

0.29

0.31

0.33

0.35

0.37

0.39

0.41

0.43

0.45

0.31 0.33 0.35 0.37 0.39 0.41 0.43 0.45 0.47 0.49 0.51

x

y

A 9005 (HB3) Blue A 9006 (HB4) Blue

A H1Blue A H7 Blue

B 9005 (HB3) Blue B 9006 (HB4) Blue

ECE white light area


[image: image6.emf]CIE chromaticity diagram - ECE white light area

0.2

0.3

0.4

0.5

0.3 0.4 0.5 0.6

x

y

ECE white light area

Philips H4 Standard

Philips H4 Blue Vision

Brand X


[image: image7.emf]Interference Coated #1 9004 Low Beam 5 deg. FOV detector

0.25

0.27

0.29

0.31

0.33

0.35

0.37

0.39

0.41

0.43

0.45

0.31 0.33 0.35 0.37 0.39 0.41 0.43 0.45 0.47 0.49 0.51

x

y

ECE white light area

IF #1 9004 Low


[image: image8.emf]Interference Coated #1 9004 Low Beam  Simulated 15 deg. FOV detector

0.25

0.27

0.29

0.31

0.33

0.35

0.37

0.39

0.41

0.43

0.45

0.31 0.33 0.35 0.37 0.39 0.41 0.43 0.45 0.47 0.49 0.51

x

y

ECE white light area

IF #1 9004 Low


[image: image9.emf]Interference Coated #1 9004 High Beam 5 deg. FOV detector

0.25

0.27

0.29

0.31

0.33

0.35

0.37

0.39

0.41

0.43

0.45

0.31 0.33 0.35 0.37 0.39 0.41 0.43 0.45 0.47 0.49 0.51

x

y

ECE white light area

IF #1 9004 Hi


[image: image10.emf]Interference Coated #1 9004 High Beam Simulated 15 deg. FOV detector

0.25

0.27

0.29

0.31

0.33

0.35

0.37

0.39

0.41

0.43

0.45

0.31 0.33 0.35 0.37 0.39 0.41 0.43 0.45 0.47 0.49 0.51

x

y

ECE white light area

IF #1 9004 High


APPENDIX B

Philips Lighting Test Method and Results

B.1 Test Method

B.1.1 Apparatus and Procedure

The Philips Lighting measurements were carried out with a colourmetric 3D-goniometer, which has a detector aperture of 15°. All bulbs were oriented horizontally, in normal operating position. The measurements are carried out with stationary bulb, and detector rotating around the bulb. Color coordinates were measured over a grid, defined by:

· polar angle
:    60° ... 120°  in 10° steps;

· azimuthal angle
: -180° ... 180°  in 10° steps.

The complete grid corresponds to rays in 252 different directions to each bulb.

B.1.2 Test Bulbs

Test bulbs were Philips H4 Standard and Blue Vision, as well as a “Brand X” bulb.
B.2  Results 

The measured color coordinates are plotted in Figure B.1 for the two H4 bulbs and the “brand X” bulb. The figure is a section of the CIE chromaticity diagram, with the boundaries of the ECE white light area marked as solid lines. 

The figure shows that the Standard and “Blue Vision” bulbs have very little spread in color coordinates over the measurement grid, and fall well within the white light area. For the “brand X” bulb a long stretched band of x-y coordinates is observed, which falls largely outside the white light area.
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APPENDIX C

Osram Sylvania Test Method and Results

C.1 Test Method

C.1.1 Apparatus and Procedure

Measurements were made in the TML at Cherry Hill using a modified Type B goniometer with a colorimeter positioned to receive light in a 5° cone as measured from the center of the coil.  The Type B goniometer was limited to 90° azimuthal rotation (rotation about its vertical or polar axis) due to the limited distance between the goniometer framework and the detector required to realize a 5° measurement angle.  A small horizontal rotational stage was mounted on the goniometer such that its axis of rotation coincided with the polar axis of the goniometer.  Each bulb was mounted on this stage so that the coil being measured was centered on the added rotational stage's axis and on the axes of rotation of the goniometer.  The chromaticity distribution around each bulb was measured in four segments of 90° azimuthal angle.  This was accomplished by rotating the added rotational stage by 90° between readings to cover a band (±35° polar angle) around the full circumference of the bulb. Scans were made beyond 30° polar angle so adjacent readings could be combined to simulate a sensor with a larger receptor angle.
C.1.2 Test Bulbs 

The bulbs, which were tested, are listed in Table C.1.
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Lamp type/coating
Manufacturer

H1 blue
A

9005 (HB3) blue
A

9006 (HB4) blue
A

H7 blue
A

9005 (HB3) blue
B

9006 (HB4) blue
B

9004 (HB1) interference coated
1

9004 (HB1) interference coated
2

9004 (HB1) interference coated
3

C.2  Results 

The measured color coordinates for the bulbs of manufacturers A and B are plotted in Figure C.1. The figure is a section of the CIE chromaticity diagram, with the boundaries of the ECE white light area marked as solid lines.  The figure shows that these bulbs show very little spread in color coordinates over the measurement grid, and fall well within the white light area. 


Figures C.2-C.13 present data taken on minor and major filament for three different 9004 bulbs with interference coatings. For each of the pairs of figures on a page, the top figure shows the data points as measured with a 5° aperture detector. When, at a given angular setting, adjacent readings with the 5° aperture detector are combined, a detector with 15° aperture can be simulated. The simulated 15° aperture response based on the 5° data set is shown in bottom figures of C.2-C.13. 

Of the bulbs with interference coatings, #1 and #2 fail the specification, but it is observed that bulb #3, which has a similar shape color separation as bulb 1 and 2, but rotated,  conforms to the specification.
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Figure C.12. Color coordinates x and y of interference coated 9004 bulb #3 with major filament energized, measured with 5° FOV detector.








Figure C.11.





Figure C.10. Color coordinates x and y of interference coated 9004 bulb #3 with minor filament energized, measured with 5° FOV detector.








Figure C.2. Color coordinates x and y of interference coated 9004 bulb #1 with minor filament energized, measured with 5° FOV detector.








Table 2. Bulbs tested in GEL, Osram and Philips tests.


      





Table 1. Values of the key input variables for the GEL, Osram and Philips test set-up.


      





Figure C.8. Color coordinates x and y of interference coated 9004 bulb #2 with major filament energized, measured with 5° FOV detector.








Figure C.9. Simulation of a 15° FOV detector response calculated with data from Figure C.8 (major filament).








Figure C.7.





Figure C.6. Color coordinates x and y of interference coated 9004 bulb #2 with minor filament energized, measured with 5° FOV detector.








Figure C.4. Color coordinates x and y of interference coated 9004 bulb #1 with major filament energized, measured with 5° FOV detector.








Figure C.7. Simulation of a 15° FOV detector response calculated with data from Figure C.6 (minor filament).











Figure C.5. Simulation of a 15° FOV detector response calculated with data from Figure C.4 (major filament).





Table A.2. General Electric test bulbs.


      





Table A.1. General Electric measurement grid.


      





Figure A.1. Schematic view of the experimental arrangement used for 9004 and HIR    


                   bulbs at General Electric. The figure shows the set-up for a 9004 bulb.








Table C.1. Osram Sylvania test bulbs.





Figure C.1. ECE white light area in the CIE chromaticity diagram. Color coordinates x 


                   and y are shown for the tested bulbs of brand A and B. 





Figure B.1. ECE white light area in the CIE chromaticity diagram. Color coordinates x and y are shown for the 3 bulbs tested. The data set for each bulb consists of 252 data points.
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Figure C.3. Simulation of a 15° FOV detector response calculated with data from Figure C.2 (minor filament). 











Figure C.11. Simulation of a 15° FOV detector response calculated with data from Figure C.10 (minor filament).
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Figure C.13. Simulation of a 15° FOV detector response calculated with data from Figure C.12 (major filament).








Figure A.2. Detail of the ECE white light area in the CIE chromaticity diagram. Color


                  coordinates x and y are shown for clear and coated 9004 bulbs.


                  Measurements are made with the method described in Section A.1.
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Figure A.3. Detail of the ECE white light area in the CIE chromaticity diagram. Color


                  coordinates x and y are shown for HIR coated lamps. Measurements are


                  made with the method described in Section A.1.
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