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ABSTRACT 

 

The proper intensity and chromaticity of traffic signals and signs play a key role in the 

safe management of the traffic environment. Light Emitting Diode (LED) becomes the 

most important light emitting device for traffic signals and signs. 

This thesis describes an experimental measurement system which will measure the 

luminous intensity of several types of traffic signals and signs, which are made of LEDs. 

Although chromaticity measurement will be mentioned, the thesis is focused on luminous 

intensity measurement. While there are many different types of traffic signals, this thesis 

will focus on the current measurement procedure of the 12-inch traffic signal and the 

improvement of the procedure. The measurement procedure for other types of LED-related 

signals and future development are also discussed. 
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CHAPTER 1 

INTRODUCTION 

 

1.1 Background 

 

The optical quality of traffic signals and signs plays an important role in traffic 

control. The ability of the operator to see and understand the traffic signal depends on 

the luminous intensity at that specific angle and the color. The luminous intensity versus 

angle and chromaticity study evaluates the traffic signal’s ability to produce luminous 

intensity at various angles, and its ability to produce the correct color.  

The Institute of Transportation Engineers (ITE) established certain standards for 

traffic control devices, including the minimum performance standards for intensity and 

chromaticity. The Florida Department of Transportation (FDOT) has its own 

specifications for certain devices as well. It also makes decisions on whether a certain 

model traffic signal fulfills the standards. The LED Traffic Signals group of Traffic 

Engineering Research Lab (TERL) helps to take the measurements and develop 

procedure standards. 

Unlike the work done by a former TERL research associate which is focused on 

building the measurement system [1], this thesis discusses more about the 

characteristics of LED, the effects of the measurement factors on the measurement 

results and the improved measurement procedures. Except for the 12-inch signal, other 

types of LED-related signals and signs are also mentioned. 

 

1.2 Introduction to Light Emitting Diode (LED) 

 

Light Emitting Diode (LED) now play a prominent role in back lighting, panel 

indication, decorative illumination, emergency lighting, animated signage, etc....  
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The basic LED (Figure 1.1) consists of a semiconductor diode chip mounted in the 

reflector cup of a lead frame that is connected to electrical (wire bond) wires, and then 

encased in a solid epoxy lens. LEDs emit light when energy levels of electrons change 

in the semiconductor diode. This shift in energy generates photons, some of which are 

emitted as light. The specific wavelength of the light depends on the difference in 

energy levels which are determined by the semiconductor material used to form the 

LED chip, such as GaAIAs (infrared), GaAsP/GaP (red), InGaAIP (yellow), and 

SiC/GaN (green). 

 

 

Figure 1.1: LED Structure 

 

LEDs are color-controlled monochromatic, narrow bandwidth lux (The 

International System unit of illumination, equal to one lumen per square meter) 

producing devices. The way that the LED chip is packaged determines the width of the 

beam angle (narrow or wide). Things that affect the width of beam angle are: the shape 

of the reflector cup, the size of the LED chip, the shape of the epoxy lens, and the 

distance between the LED chip and the top of the epoxy lens. The measurement of the 

LED beam angle will be discussed in Chapter 4. Figure 1.2 shows the dependence of 

intensity on viewing angle. 
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Figure 1.2: Dependence of Intensity on Viewing Angle 

  LEDs are available in both visible and infrared wavelengths. Infrared LEDs reach 

wavelengths of 830 to 940 nm. Visible LEDs come in a variety of colors including red, 

yellow, orange, amber, green, blue/green, blue, and white. These fall into the spectral 

wavelength region of 400 nm to 700 nm. The colored light of an LED is determined 

exclusively by the semiconductor compound used to make the LED chip and is 

independent of the epoxy lens color. "Band theory" is introduced to explain the 

difference of LED colors. 

The light color emitted by GaPxAs1-x diodes is indicative of the magnitude of 

energy needed for an electron to cross the band gap. After an electron is excited (by 

heat or electricity) into the conduction band, its return to the lower energy valence band 

causes a release of a photon of light (Figure 1.3). The energy of the photon (E = hν = 

hc/λ; where E = energy, h = Planck's constant, ν = frequency of light, c = speed of light, 

and λ = wavelength of light) is directly related to the band gap energy. The relationship 

between light color (energy) and band gap of an LED is demonstrated in Table 1.1. If 

the photon of light has a wavelength in the visible range, "colored" light is observed. 

Table 1.2 shows the relationship between LED colors and materials. 
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Figure 1.3: Electron Passing from Conduction Band to Valence Band 

 

Table 1.1: Relationships of LED Color, Wavelength and Energy of Light 

 

 

Table 1.2: Relationship of LED Colors and Materials 

Color  LED Material  

Infrared  GaAIAs/GaAs  

Red  GaAsP/GaP, InGaAIP   

Yellow  GaAsP/GaP, InGaAIP  

Green  InGaAIP, GaP/GaP, SiC/GaN  

White  SiC/GaN  

Blue  SiC/GaN  
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1.3 Comparison of Incandescent lights and LEDs 

 

Currently, although a number of incandescent bulbs are still used in traffic signals, 

LED signals are being applied more and more readily. An LED is a solid-state 

semiconductor device that converts more than 80% of its electrical energy directly into 

a particular color wavelength of light, resulting in high efficacy.  

For example: Compare a red LED with a red-filtered incandescent lamp. At the 

same electric power level, a red LED might be as much as 10 times more visible than 

the red-filtered incandescent lamp because an incandescent lamp emits a wide spectral 

range of light and, therefore, requires a filtering system to produce light of a specific 

color. Most of an incandescent lamp's energy (80% - 90%) is wasted in the generation 

of heat in the infrared range. An LED emits a monochromatic light and doesn't need a 

filter. A comparison of the two spectra is shown in Figures 1.4 and 1.5. 

 

 

Figure 1.4: Spectrum of a Typical Yellow LED 
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Figure 1.5: Spectrum of a Typical Incandescent Light 

    When considering of the overall cost of the two illumination options, the 

material cost of the incandescent bulb is much less than the material cost of an LED 

signal. However, the LED has a much longer life than an incandescent light, which 

saves on labor costs for changing defective signals. The cost of frequent 

maintenance is in fact the more significant contributor to the overall cost. In short, 

the LED signals extended life span more than compensates for the elevated initial 

material cost. LED signals and signs use only about 20% of electricity that used by 

an incandescent light. 

 

1.4 Organization of Material 

 

    This thesis will explain the mathematical formulas that were used to calculate 

the traffic signals and signs luminous intensity. It will also explain the method used 

in constructing the facility where the measurements are made. In addition, the 

following chapters will discuss different aspects of each test and explain in detail 

the steps that were taken to produce a sound test of the traffic signals and signs. 

Each chapter develops the ability of the reader to be able to perform or theorize a 

future test in the field of radiometry and photometry. 

    The thesis will include the following: Chapter 2 contains an explanation of the 

methodology used in calculating the luminous intensity and chromaticity data, and 
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the comparison of such data to the ITE specifications. Chapter 3 introduces the 

measurement devices. Chapter 4 provides a description of how the factors affect the 

measurement results and the development of measurement procedure. Chapter 5 

contains actual tests of various LED-related traffic signals and signs. Lastly, Chapter 

6 includes directions of future work and closing remarks. 
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CHAPTER 2 

THEORETICAL BACKGROUND OF HUMAN VISION, CHROMATICITY 

AND LUMINOUS INTENSITY  

 

2.1 Anatomy and Physiology of the Human Eye 

 

    When a light source that emits a particular distribution of differently colored 

wavelengths of light strikes a colored object, we see color. This section explains the 

mechanism of human eye and how one sees color. 

    The human eye is equipped with a variety of optical elements including the cornea, 

iris, pupil, a variable-focus lens, and the retina, as illustrated in Figure 2.1. [2] Together, 

these elements work to form images of the objects in a person's field of view. When an 

object is observed, it is first focused through the cornea and lens onto the retina, a 

multilayered membrane that contains millions of light-sensitive cells that detect the 

image and translate it into a series of electrical signals.  

 

Figure 2.1: Structure of Human Eye 
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These image capturing photoreceptors of the retina are termed rods and cones 

(Figure 2.2). They are similar in structure; the difference is that the rods contain a 

pigment that is light sensitive but not color sensitive, while the cones contain three 

pigments sensitive to wavelengths in the red, green, and blue parts of the visible 

spectrum. [3] These three sensitivities are signified by the x, y and z for red, green, and 

blue, respectively. [4] 

 

Figure 2.2: Cone and Rod 

    How one sees color depends on the combination of three distinct stimuli of the retina. 

The stimulus of color equals the product of the three factors: the spectral power 

distribution of the light source, the spectral reflectance of the colored object, and the 

spectral sensitivity of the cones in the human eye (Figure 2.3). 

 

Figure 2.3: Stimulus 

 

2.2 Theoretical Calculations of Chromaticity Coordinates 

 

The retina's physical response to each type of cone as a function of the 
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wavelength is shown in Figure 2.4. In the graph, )(λx , )(λy  and )(λz  represents 

each specific cones response to the colors red, green, and blue, respectively. The peaks 

for each curve are at 440 nm (blue), 545 nm (green) and 600 nm (red). 

    The tristimulus peak represents the dominant wavelength of that cones response to 

that respective color. For example, the peak tristimulus value )(λx for the color red is 

located at 600 nm.  

 

 

Figure 2.4: CIE 1931 Color Matching Functions 

 

Standard observer 

Based upon psychophysical measurements, standard curves have been adopted by 

the CIE (Commission Internationale de l'Eclairage) as the sensitivity curves for the 

"typical" observer for the three "pigments" )(λx , )(λy  and )(λz . These are not the 

actual pigment absorption characteristics found in the "standard" human retina but 

rather sensitivity curves derived from actual data. [4] 

For an arbitrary homogeneous region in an image that has intensity as a function of 

wavelength (color) given by )(λI , the three responses are called the tristimulus values:  

 

 

 

 

∫
∞

⋅⋅=

0

)()( λλλ dxIX ∫
∞

⋅⋅=

0

)()( λλλ dyIY ∫
∞

⋅⋅=

0

)()( λλλ dzIZ
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CIE chromaticity coordinates 

   The values of X, Y, and Z are integrated numerically using all the values of )(λx , 

)(λy  and )(λz and the spectral intensity )(λI . Chromaticity coordinates x, y, and z are 

derived by calculating the fractional components of the tristimulus values thus:  

x = X/(X + Y + Z), 

y = Y/(X + Y + Z), 

z = Z/(X + Y + Z). 

Since by definition x + y + z = 1, if two of the chromaticity coordinates are known 

then the third is redundant. Thus, all possible sets of tristimulus values can be represented 

in a two-dimensional plot of two of these chromaticity coordinates and by convention x 

and y are always used. A plot of this type is referred to as a chromaticity diagram. In 

Figure 2.5, a chromaticity triangle defines all colors in the visible spectrum. 

 

    

 

 

 

 

 

 

 

 

 

 

 
Figure 2.5: The CIE 1931 Standard Observer 
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2.3 ITE Chromaticity Specifications 

 

    The ITE specifications specify a certain x and y value for each traffic signal. ITE 

has set rigid color requirements in order to ensure that the specific color signal is 

producing an acceptable wavelength of light. In the case of traffic signal colors, three 

quantities explaining three different colors can be broken down into two chromaticity 

coordinates. The coordinate system utilizing the CIE standard observer chart specifies a 

certain x-y coordinate for each color. These chromaticity region locations are tabulated 

in Table 2.1. 

Table 2.1: ITE chromaticity specifications 

Red 0.998 – x < y < 0.308 

Yellow 0.411 < y < 0.452, y > 0.995 – x 

Green y > 0.506 - 0.519x, y > 0.150 + 1.068x, y > 0.730 - x 

 

2.4 Theoretical Calculations of Luminous Intensity 

 

Luminous Intensity 

Radiometry is the study of optical radiation-light, ultraviolet radiation, and infrared 

radiation. Photometry, on the other hand, is concerned with humans' visual response to 

light. Radiometry is concerned with the total energy content of the radiation, while 

photometry examines only the radiation that humans can see. Thus, the most common 

unit in radiometry is the watt (W), which measures radiant flux (power), while the most 

common unit in photometry is the lumen (lm), which measures luminous flux. For 

monochromatic light of 555 nm, 1 watt is equivalent to 683 lumens. For light at other 

wavelengths, the conversion between watts and lumens is slightly different, because the 

human eye responds differently to different wavelengths.  

The luminous intensity is the luminous flux emitted from a point per unit solid 

angle into a particular direction. Standard unit of luminous intensity is Candela (cd), 
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also expressed as Lumen per Steradian (lm/sr). The candela is the luminous intensity, in 

a given direction, of a source that emits monochromatic radiation of wavelength of 555 

nm and that has a radiant intensity in that direction of 1/683 watt per steradian.  

 

Eye Sensitivity 

    The eye sensitivity curve (Sλ), defines the relationship between the human 

sensation of light and the physical concept of energy, which is measured by instruments, 

such as power meter. At 555 nm, the human has the highest sensitivity. The eye 

response efficiency (Sλ) data is shown in the Appendix A. 

 

Solid Angle 

    The solid angle is defined by the angle that, seen from the center of a sphere, 

includes a given area on the surface of that sphere. The value of the solid angle is 

numerically equal to the size of that area divided by the square of the radius of the 

sphere. The maximum solid angle is 12.57 sr, corresponding to the full area of the unit 

sphere, which is 4π. Standard unit of a solid angle is the Steradian (sr). [5] 

In Figure 2.6, assume A is the surface area of the detector and d is the distance 

between the light source and the detector. In real testing, the condition of d
2
»A is 

satisfied, so that in the solid angle calculation, the flat area of the detector A can be used 

instead of the sphere area, while distance d can be used instead of the radius r. The solid 

angle (ω) is calculated as:  

ω = A / d
2
 

 

Figure 2.6: Solid Angle Diagram 

r

A

d
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Calculation of Luminous Intensity 

By using the power, the radiant flux in watts can be obtained. But the candela can 

not be measured directly. It is more efficient to calculate candela output by obtaining 

the luminous flux in lumen first and dividing the lumen by the solid angle. The 

relationship between luminous flux and radiant flux is give by: 

F = ∫ ××× λ
λλ

dSP683                             (2.1) 

where F is a luminous flux, Pλ is the measured power at wavelength λ, and Sλ is the 

photopic spectral luminous efficiency function. When both of the luminous flux and 

solid angle are calculated, lumens can be converted to candela. 

Candela = lumens / solid angle = F / ω                 (2.2) 

 

 

2.5 ITE Luminous Intensity Specifications 

 

    One objective of the project is to measure the luminous intensity as a function of 

viewable angle for LED traffic signals. The ITE has standards of luminous intensity 

minimum requirement for 44 different angles. [6] The angles are within the down-view 

angle between 2.5º and 17.5º in the vertical (v) plane and the symmetrical left-to–right 

viewing angle between 2.5º and 27.5º in the horizontal (h) plane. [7] 

    Table 2.2 shows the specification for the 44 angles for both 8-inch and 12-inch (in 

diagram) signals. The columns to the right display the minimum luminous intensity in 

candela, for each of the three colors. [8] The measurement procedure for LED signals 

will be discussed in the following chapter. 
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Table 2.2: Luminous Intensity versus Angle Minimum Requirements for Traffic 

Signals (in cd) 
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CHAPTER 3 

LABORATORY DEVICES FOR MEASUREMENT 

 

3.1 Goniometer 

 

        In order to mount traffic signal heads and rotate them at three dimensional angles, a 

goniometer was applied, as shown in Figure 3.1. The rotational stages have a resolution of 

0.5º in both the vertical and horizontal axes. The traffic signal is mounted on the 

goniometer. The left and right rotational stages control the up/down angle of the signal, and 

the rotation stage at the bottom controls left/right angle. The goniometer must be calibrated 

to the zero point on both the horizontal and vertical rotational stages.   

 

 

Figure 3.1: Goniometer with a 12-inch LED Traffic Signal 

 

 

Rotational

Stages 
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3.2 Power Meter 

 

        For the intensity measurement, a silicon detector was chosen because it has good 

sensitivity to the wavelength of the visible spectrum, from 360 nm to 830 nm [9]. The 

Newport 818-SL silicon detector and Newport 1815-C Optical Power Meter (Figure 3.2) 

are used to measure the power output of the LED traffic signal.  

 

 

Figure 3.2: Newport (a) Optical Power Meter and (b) Silicon Detector 

     

        The Newport 818-SL silicon detector has a 1x1 cm2 size. It has a very uniform 

response with coherent light, covering the wavelength from visible to infrared region. It 

converts optical power to current, with a linear response, see Figure 3.3. The detector came 

with responsivity charts and calibration information, so that the power could be measured 

at the appropriate wavelengths. This is important since the LED traffic signal is nearly 

monochromatic.  

(a) (b) 
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Figure 3.3: Linearity of Photodiode Response 

      

Calibration 

The 818-SL silicon detector and power meter device must be calibrated because the 

sensitivity response of Si detector is a function of wavelength of the incident light. The 

calibration factor can be obtained by checking the "Detector without Attenuator" 

responsivity chart provided by the manufacture. The calibration factor can be set using the 

“Cal” button on the power meter control panel.  The peak wavelength measurement with be 

discussed next in this chapter. [10] 

        If by resolution error the peak is actually off by a few nanometers an error in the 

power measurement will occur. A discussion of error related to the peak wavelength 

calculation of the LED and the responsivity will be discussed in chapter 4.   

 

3.3 Photo Research Spectra Colorimeter 

 

Theory of Operation 

        The Photo Research PR-650 Spectra Colorimeter (Figure 3.4) is a portable, spectrally-

based luminance telephotometer/colorimeter, which performs complete photometric and 

colorimetric measurements for both steady state and repetitively pulsed light sources.  
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Figure 3.4: Photo Research PR-650 Spectra Colorimeter 

 

        This functional principle of this device is that it acquires the spectrum of optical 

radiation from 380nm to 780 nm simultaneously in parallel. After passing through the 

objective lens of the PR-650, the radiation light encounters the Pritchard-style mirror 

aperture. An image of the testing area with a black spot in the center will be seen, see 

Figure 3.5. Then the CMOS microcomputer controller analyzes the color and intensity. 

                                         

Figure 3.5: Aperture and Viewing Field of PR-650 

 

        Only optical radiation being measured passes through the black spot (±0.5º aperture) 

of the Pritchard mirror. The remainder of the light from within the 7º field-of-view is 

subsequently reflected to a second partially silvered mirror, where 40% of its energy is 

transmitted to the sync detector behind the partial mirror and 60% to the viewing eyepiece. 

       As shown in Figure 3.6, the light source passes through a measuring shutter and then 
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goes to a diffraction grating, which breaks the light radiation into its constituent elements 

from 380 nm to 780 nm. The diffracted spectrum is focused onto a 128-photodiode array.  

The resolution can be calculated as (780 - 380) / 128 = 3.1 nm/photodiode. But this device 

can only give the peak wavelength with an increment of 4 nm. That’s because some of 

photodiodes are not located in the range of 380 -780 nm. There are actually (780 - 380) / 4 

= 100 photodiodes that take effect. 

 

 

Figure 3.6: Polychromator Wavelength Dispersion 

 

        After the light signal is detected on the photodiode array, it is sent to an analog to 

digital converter then becomes digital signal. The device does mathematical calculations 

with the digital data. Finally, the colorimetric and intensity data in different units can be 

shown from the LED display or through a computer. 

        In the Signal Illumination Research Lab, the PR-650 colorimeter is mainly used to 

measure spectrum, luminous intensity and chromaticity. Because of its portability, it is 

good for field testing. With SpectraWin software, the PR-650 colorimeter can work with a 

computer for the purpose of functional control, display and calculation.  
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Chromaticity Test 

 

        The PR-650 colorimeter is used to collect the spectrum radiation of the light source 

under test and it then calculates x, y and z chromaticity coordinates from the spectral data 

and plots the data on the CIE 1931 Chromaticity Diagram (Figures 2.5). This test provides 

the necessary information to verify that the light emitted by the signal is within the 

boundaries set by the ITE. The actual color boundaries acceptable for use in certain traffic 

applications are shown in Figure 3.7. 

 

 

Figure 3.7: 1931CIE Chromaticity Diagram (ITE Boundaries) 
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 Luminous Intensity Test 

 

        When taking measurement, the PR-650 colorimeter gives the value of luminance 

passing through the black spot. Multiplied by the actual area of the black spot at the 

distance of the light source, the luminous intensity can be calculated.  

        Since the luminance measured is inversely square proportional to the distance before 

the light source and measurement system, while the actual area is square proportional to the 

distance, the intensity, measured in candela, is independent on distance, provided that the 

light source is covered by the black spot and no background light is added. A test was made 

in order to verify the distance independence (Table 3.1). The Photo Research LRS-455 was 

used as light source. The intensities were measured at four different distances (20 ft, 30 ft, 

40 ft and 50 ft). 

 

Table 3.1: Luminous Intensity vs. Distance 

Distance (ft) Luminance (cd/m2) Luminous Intensity (cd) 

20 40160 356.6 

30 17880 357.2 

40 10010 355.6 

50 6453 358.1 

 

        The PR-650 colorimeter is very sensitive to its position and direction. That means 

even a slight touch would affect the luminance reading. A test was made on luminance with 

changing angles of the PR-650 colorimeter. In this test, the direction of PR-650 colorimeter 

was horizontally changed by goniometer, provided that the light source was covered by the 

black spot all the time. The nearer the two centers were, the higher luminance was obtained. 

Two distances of 20 ft and 50 ft were tested, see Figure 3.8. 
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Figure 3.8: Luminance vs. Horizontal Angle measured by PR-650 Colorimeter at 

distance (a) 20 ft and (b) 50 ft 

 

        Although the light source was always covered by the black spot, the luminance 

reading would still change when changing the angle. The difference is smaller if the 

distance is longer. When taking measurement, the PR-650 colorimeter should be firmly 

fixed, and a remote control or computer control is recommended to optimize the alignment 

of the colorimeter, thereby assuring the accuracy of the results. 
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Calibration 

 

        The calibration of PR-650 includes wavelength calibration and intensity calibration. 

For wavelength calibration, a Photo Research WC-100 wavelength calibrator is used. The 

WC-100 consists of a lamp power supply, lamp housing containing a helium (He) lamp and 

opal glass. During operation, the WC-100 emits He spectral lines that the above mentioned 

spectroradiometers utilize to map the physical detector to the known wavelengths of the 

emission lines. During use, the He lamp emits the following spectral lines (Figure 3.9): 

388.0 nm, 447.2 nm, 471.3 nm, 587.5 nm, 667.8 nm, 706.5 nm, 728.1 nm 

 

  

Figure 3.9: Calibration Wavelengths for PR-650 

 

For intensity calibration, the Photo Research LRS-455 Integrating Sphere Calibration 

Source (Figure 3.10) is used. It is a light standard source designed exclusively for precision 

calibration of microphotometers, image intensifiers, telephotometers, and 

spectroradiometers. Its large area, uniform, diffusely radiating source with a near normal 

luminance can be varied over many decades. The luminance level can be varied typically 

from a minimum of 0.001 to 7,500 footlamberts (1 footlambert = 3.4 cd/m2). Standard 

calibrations of luminance and color temperature range from 380 nm to 1068 nm. The LRS-
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455 calibration source consists of a source module/optics head and an electronic display 

console/power supply. The detailed calibration procedure is shown in Appendix B. 

 

 

Figure 3.10: Photo Research LRS-455 Integrating Sphere Calibration Source 

 

Add-on Accessories 

 

        In field measurement, because of the long distance between the light source and the 

detector, the black spot usually looks much larger than the object, so that noise light from 

background would affect the test result. In order to solve this problem, two teleconverters 

are used, one 2.0 x and one 3.0 x. When mounted in front of the lens, the object in the 

viewfinder will be magnified by a ratio corresponding to the optical power of the 

teleconverters.  

Since a teleconverter is added, the PR-650 needs to be re-calibrated by the calibration 

light source. Set the colorimeter 1 meter away from the calibration light, straightly facing 

to it. Thus the effective area of the light can cover the black spot in all the three cases. Then 

measure from the three different focal lengths, 1x (no teleconverter), 2x and 3x, see Table 

3.2. 
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Table 3.2: Intensity of calibration light 
 

Focal length Intensity (cd/m2) Calibration factor 

1x 332 1 

2x 317 1.05 

3x 289 1.15 

 

In order to verify the intensity results after applying teleconverters, three LED signals 

of different colors – Red, Yellow and Green have been measured. Let the black spot exactly 

cover the light source all the time. Thus the distance between the signal and the PR-650 

colorimeter will be proportional to the focal length. The results are shown in Table 3.3: 

 

Table 3.3: Luminous Luminance Test with Teleconverters 

Red 
Focal 
length  

Distance 
(ft) 

Luminance before 
calibration (cd/m2) 

Luminance after 
calibration (cd/m2) 

Difference 

1x 52  1151 1151 Standard 

2x 101 1104 1159 0.7% 

3x 156 1024 1178 2.3% 

Yellow 
Focal 
length  

Distance 
(ft) 

Luminance before 
calibration (cd/m2) 

Luminance after 
calibration (cd/m2) 

Difference 

1x 52  245 245 Standard 

2x 101 234 246 0.4% 

3x 156 1024 247 0.8% 

Green 
Focal 
length  

Distance 
(ft) 

Luminance before 
calibration (cd/m2) 

Luminance after 
calibration (cd/m2) 

Difference 

1x 49  92.4 92.4 Standard 

2x 98 89.3 93.8 1.5% 

3x 146 83.7 96.2 4.1% 

 

The differences after applying teleconverters are all within 5%. The difference from 

the 2x is usually smaller then the 3x. The spectra of the three LEDs were also measured, 

see Table 3.4. For yellow and green signals, identical spectra were obtained from the 

colorimeter with and without teleconverters. For the red, there is a slight difference of the 

peak wavelength with the 3x teleconverter, shown in Figure 3.11. 
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Table 3.4: Spectrum Test with Teleconverters 

 Focal 
length  

Peak 
wavelength 
(nm) - Red 

Half-value 
width 
(nm) - 
Red  

Peak 
wavelength 
(nm) -
Yellow 

Half-
value 
width 
(nm) - 
Yellow 

Peak 
wavelength 
(nm) - 
Green 

Half-value 
width 
(nm) - 
Green 

1x 644 24 596 27 504 31 

2x 644 24 596 27 504 31 

3x 640 24 596 27 504 31 

 

 

 

 

 

 

 

 

Figure 3.11: Peak Wavelength Change for Red LED with 3x Teleconverter 

 

3.4 Light Tunnel 

 

        For an ideal condition, all the LED measurements should be done in a light tunnel in 

order to keep noise light from entering the testing facility. A 68-foot light tunnel, which will 

be painted black inside, is now under construction at the Traffic Engineering Research Lab 

of FDOT. In the future research, each type of measurement mentioned in this thesis will be 

successfully conducted in this light tunnel.  

        Currently, a 25-foot dark room is being used. It’s designed for LED measurement with 

the power meter. Although it is not a perfect light tunnel, efforts to reduce the noise were 

employed, including putting black fabric on the wall and applying a cover box for the 

power meter. 
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CHAPTER 4 

THE INFLUENCE OF EXPERIMENTAL SETUP TO LUMINOUS INTENSITY 

OF LED TRAFFIC SIGNALS 

 

4.1 Luminous Intensity Measurement Procedures 

 

Among various types of LED signals, the 12-inch LED traffic signal is the most 

common used and important signal. In this chapter, we will discuss the luminous intensity 

measurement procedure for 12-inch traffic signals. However, for 8-inch signal, the same 

procedure may also apply. Secondly, we will discuss the temperature dependence and 

time dependence of LED signal. At the last part of the chapter, the distance dependence 

of luminous intensity of LED traffic signals will be discussed. 

        In order to comply with the ITE requirement, the LED signal must be tested from 

different angles. The luminous detector can be either the power meter or the Photo 

Research colorimeter. However, from Chapter 3, it’s known that the Photo Research 

colorimeter requires a 1 degree testing angle, so that for a 12-inch signal, the minimum 

distance required for the Photo Research colorimeter is 57 feet in order to obtain an 

average luminous intensity of the entire signal. Due to the limitation of the lab space, the 

power meter was used to measure the intensity. The Photo Research colorimeter can be 

used as a backup system to confirm the testing result measured by the power meter.  

From Chapter 1, it’s known that the intensity of the LED is affected by ambient 

temperature and applied current to the LED. In order to maintain these two parameters as 

constant, we set the room temperature as 20°C and use a voltage regulator to maintain the 

signal voltage. The humidity is also recorded for future reference.  

The signal head is mounted on the goniometer. Turn on the signal for warm-up. 

Then use Photo Research colorimeter and SpetraWin software to measure the peak 
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wavelength. The peak wavelength is necessary to calculate the intensity. The eye 

sensitivity is a function of wavelength. From the sensitivity chart (Figure 4.1), the 

sensitivity is found to be very steep at the wavelengths for red (630-635 nm), yellow (589 

nm) and green (510 nm) light. The precise value of peak wavelength must be obtained to 

get the correct sensitivity.  

 

Figure 4.1: Eye Sensitivity 

However, from the data provided by Photo Research, the spectral radiance has an 

increment of 4 nm. The peak wavelength provided is always a multiple of 4 nm, which 

could not reflect the precise peak wavelength. To solve this problem, a trendline was 

added for the top 4 points. For example, for a yellow LED signal, the peak wavelength 

measured by Photo Research colorimeter is 600 nm. But from Figure 4.2, we see that the 

actual peak is obviously greater than 600 nm. We take the top 4 points to make a 3rd-

order polynomial simulation. Using the equation provided by Excel, the peak wavelength 

was calculated to be 601.6 nm. 
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Figure 4.2: Trendline for Peak Wavelength 

Because the eye sensitivity table (see Appendix A) has an increment of 10 nm, the 

wavelength of 601.6 nm is not appeared in the table, so a linear interpolation is used to 

calculate the sensitivity. For the example above, the sensitivity of 601.6 nm is 0.5857. 

While the sensitivity of 600 nm is 0.606, the difference is 3.5%. 

        The next step is to measure the radiant power by the power meter. The detector was 

aligned to the central axis directly opposite to the signal, (see Figure 4.3) [11]. Before 

testing, the power meter needs to be calibrated according to the peak wavelength. 

According to the ITE standard, for each LED signal, 44 measurements were taken for 

different horizontal and vertical angles. After all the angles have been measured, the 

power values are converted into intensity (I) according to Function 2.2: 

I = F / ω = 683SλPd2 / A 

where Sλ is the eye sensitivity at peak wavelength λ; P is the radiance reading by the 

power meter; d is the distance from the detector to the signal; and A is the area of the 

detector. 
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        Finally, a decision as to whether the signal can pass the ITE standard is made by 

comparing the ITE standard intensity and measured intensity at each angle. The 

procedure for this measurement can be drawn in a flow chart. See Figure 4.4. 

 

Figure 4.4: LED Signal Measurement Procedure 

        Provided that the light path is long enough (>57 ft), the Photo Research can be 

applied to measure the intensity. Because the Photo Research colorimeter measures the 

luminance (unit in candela/m
2
), not the radiance power (unit in watt), the step of 

sensitivity can be skipped, which leads to more accuracy in the measurement. The 

calculation of intensity is: 

I = lu × A 

Where lu is the reading by Photo Research colorimeter in the unit of cd/m
2
, A is the area 

in the signal plane covered by the black spot of Photo Research. Because the angle of the 

GoniometerPhotometer

Light Path

Figure 4.3: Photometer and Goniometer layout
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black spot is 1 degree, A is calculated by: 

A = π (d×tan0.5)
2
 

where d is the distance between the detector and the signal. So that the intensity is: 

I= lu π (d×tan0.5)
2
 

 

4.2 Temperature Dependence 

 

In field tests, the ambient temperature is different from room temperature. This will 

affect the intensity emitted by the LEDs. By using an incubator, we are able to simulate 

the temperature from 30°C to 70°C. The temperature effect respectively for red, yellow 

and green LED signals from Dialight are shown in Figure 4.5. 
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Figure 4.5: Temperature Dependence of Dialight (a) Red, (b) Yellow, (c) Green LEDs 

From the above figures, we find that for all colors, the luminous intensities 

(proportional with power) decreased with increasing temperature. When the temperature 

increased from 30°C to 70°C, the intensity decreased about 30%. Usually, in lab tests the 

ambient temperature is maintained at about 20°C. However, in the field tests the intensity 

variations caused by temperature fluctuation must be taken into account. 

 

4.3 Time Dependence 

 

        It has been proved that the intensity of LED signal decreases as the temperature 

increase. During warm-up, the temperature of the signal increases with no doubt. Now 

new questions arise. Will the intensity decrease with prolonged warm-up time? To what 

extent? How long do we need to wait for the intensity to become stable?  

        To address these questions, the intensity was measured from the turn-on to 60 

minutes. In the test, three colors from the Dialight series are used. The signals were faced 

directly to the Photo Research colorimeter. The results of the three signals are shown in 

figure 4.6. 
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Figure 4.6: Time Dependence of Dialight (a) Red, (b) Amber, (c) Green LED Signals 

        From these figures, it can be found that although the signals are from the same 

company, the three colors differ very much. The red and the amber signals perform in a 

similar way: in the first several minutes the intensity drops about 1/3 or even more, and 

becomes stable after 30 minutes. The curve of the amber signal is, however, smoother 
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than the red. The green seems stable from the very beginning. What cause the difference? 

One possible reason is the internal circuit structure of the LEDs. For different colors, 

there must be some difference between the circuit structure, which may result in different 

current and temperature effects. Are the cases the same for other signals with the same 

color? To answer these questions, another test was processed with three colors of the GE 

series. In these test, only the intensity of the first several minutes was obtained, which is 

enough to foresee the tendency of the subsequent period. 

        In the case of the GE signals, the red is more stable then the other two colors. 

Therefore, we cannot conclude that the stability is only related to color. Other parameters 

may also apply, such as the power supply by different companies. 
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Figure 4.7: Time Dependence of GE (a) Red, (b) Amber, (c) Green LED Signals 

 

        Another test was processed to see how fast the signals could restore the intensity 

after it was turned off. After a 5 minutes power on period, the signals were turned off for 

5 minutes, so on and so forth. The results of this test are shown in Figure 4.8. 
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Figure 4.8: Time Dependence of Dialight (a) Red, (b) Amber, (c) Green LED Signals 

        From the first test, the intensity vs. warm-up time curve for all the colors from two 

companies is given. Some are relatively stable, but most drop quickly and significantly 

during the first several minutes. Thus, for an accurate result, we have to wait for the 

signals to warm up to become stable. Internal circuit and power supply are important 

possible factors that affect the intensity during warm-up time. 

        The second test shows that the intensity restore very quickly, it can almost get the 

same level as before after several minutes. This means, during testing if we turn off a 

signal even for a short time, we still need another warm-up period for the signal to 

become stable.  

 

4.4 Distance Dependence 

 

In the LED measurement, if the testing distance is too short, the intensity result will 

be less than expected. This can be simply explained by Figure 4.9. For each LED, it has 

an intensity angular distribution. The relative intensity for the angle α is R (α). When α=0, 

the intensity is the strongest, R (0) = 1. The greater α is, the smaller R (α) is obtained. In 

Figure 4.9, when the detector is at the point (A), the angles to the LED are greater than at 

the point (B), so that the intensity tested from the nearer point will be less than that from 

the farther point. However, when the distance is long enough, the angle to each LED can 

be approximated as zero, so that the intensity result will be constant at long distance [12]. 

This also explains why a minimum testing distance is required for the LED measurement. 
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In an ideal case, when the distance is infinite, we expect to get the highest intensity Imax 

= N×I0, where N is the total number of LEDs, I0 is the intensity of LED measured at an 

angle of 0 degree. 

Figure 4.9: LED Distance Dependence 

 

Modeling for LED Intensity vs. Distance 

A model is built to calculate the relationship between the intensity of LEDs and the 

test distance. For this purpose, we build a model of an Ecolux 8-inch red LED traffic 

signal, which is shown in Figure 4.10. The cover is removed first so that we can directly 

measure the intensity without the effect of the cover.  

 

Figure 4.10: Ecolux 8-inch LED Signal 

Suppose the intensity distribution of LEDs is symmetric, that is, the relative angular 

A B 



 39

intensity is only related to the angle α.  For this signal, there is a central LED and the 

other 149 LEDs are located in 7 circles. The distances from the LEDs to the center are r0, 

r1… r7, respectively (from the center to outside). The number of LEDs in each circle is N0, 

N1… N7. Table 4.1 shows the actual values of Ni and ri, i =0,1…7. 

Table 4.1: Ecolux LED signal 

i Ni ri (cm)

0 1 0 

1 6 1.2 

2 11 2.4 

3 16 3.6 

4 22 4.8 

5 27 6.0 

6 31 7.2 

7 36 8.4 

For a single LED, according to the intensity angular distribution table provided by 

the LED manufacture, the data for angle 0-30 degrees can be simulated by a 3rd-order 

polynomial trendline (Figure 4.11) to get the function of relative intensity R(α).  

352 100011.00067.00031.1)( αααα
−

+−−=R  

Although the points after 30°are no long consistent with this trendline, but they are 

not necessary to be considered, because the test distance won’t be shorter than 0.5 ft. The 

maximum possible angle is tan
-1

 (8.4 / (0.5×12×2.54)) = 29.1°. So we only need to care 

about the angles less than 30° 

 

Figure 4.11: Trendline for Relative Intensity 
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The power meter is used as the detector. It measures the total flux that is emitted to 

the detector and gives a reading of power. The distance from the center LED to the center 

of detector. See Figure 4.12.  

 

Figure 4.12: LED and Detector Layout 

Recall that the relationship between intensity and flux is  

I = F / ω, where ω = A / d
2
 is the solid angle. The flux received from the center LED 

is calculated as following:  

F0 = I0A / d
2
, where A is the area of detector (1 cm

2
).  

For an LED in the circle 1, the flux emitted to detector is: 

F1 = I1A1 / d1
2, where I1 is the LED intensity for angle α1,  

I1 = I0 R (α1);  

A1 is the effective viewing area from this LED,  

A1 = Acosα1 = A cos (tan
-1

 (ri / d)) = Ad / )r  (d 2

i

2
+ ;  

d1 is the distance from this LED to the center of detector,  

d1 = )r  (d 2

1

2
+ . 

In general, for i = 0,1…7, Fi = I0R(αi)Ad/ (d
2
 + ri

2
)
3/2

.  

The total flux received by the detector is: 

F = N0F0 + N1F1 +…+ N7F7 

Finally, the total intensity can be calculated as 

I = Fd
2
 / A = I0

2/3223
7

0

)/()( ii

i

i rddRN +∑
=

α , where αi = d) / (r tan i

-1  

When d >>ri, I = NI0.  

Matlab is used to calculate the intensity from distance 0.5 ft to 25.0 ft. The measured 

intensity and simulated intensity are shown in Figure 4.13. From the figure, we see the 
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consistency between the theoretic (marked by line) and real test results (marked by *), 

although there is some difference when the distance is less than 10 feet. Several reasons 

account for the difference. First, the intensity angular distribution data provided by the 

manufacture may not be very accurate. Second, the LEDs may not be symmetric in all 

directions. Besides, in the real test, the central axis can not be controlled precisely, so the 

detector may be a little off than the axis. Finally, we can say the modeling of LED 

intensity versus distance is a success.  

  

Figure 4.13: Theoretic and Actual Intensity as a Function of Measuring Distance 

       The intensity with the LED cover on was also measured and shown in this figure 

(marked by +). Compared the intensity with and without cover, when the testing distance 

is more than 10 ft, about 73% of the intensity is transmitted. When the distance is less 

than 7 ft, the transmission rate decreases with the distance decreasing. At the distance of 

0.5 ft, only 48% of the intensity is transmitted. The reason is that, when the testing 

distance decreases, the light from all the LEDs except the center one should pass a longer 

distance in the cover, which absorbs more intensity.  
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From the above figures, we see that at the first 10 feet, the intensity is very low and 

increasing very fast. After 10 ft, the intensity will not increase much. However, it should 

be noted that this test is for the 8-inch signal. For a 12-inch signal, the corresponding 

distance should be 1.5 times larger. That is, 15 feet is the minimum required testing 

distance. In the TERL lab, we test the signals at a 25 ft distance, which is long enough for 

the 12-inch signals. 

 

General Case 

The above simulates the special case for the Ecolux signal which is formed by some 

LED circles. However, for general cases, the function 

I = Fd
2
 / A = I0

2/3223

0

)/()( ii

n

i

i rddRN +∑
=

α                                                 (4.1) 

still works. Except for the central LED (if it exists), we can consider other LEDs which 

have the same distances to the center point as a group, and there are totally n such groups. 

 

Three-Dimensional case 

Let us consider the case where the detector is moved away from the central axis. See 

Figure 4.14. To calculate the intensity received by the detector, we project the center of 

the detector in the LED plane. This projection point D’, is considered the new center 

point. By considering each LED as a group, the function 4.1 can still apply, provided that 

the distance of each LED to D’ is measured. 

 

Figure 4.14: Three-Dimensional Case 
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CHAPTER 5 

LUMINOUS INTENSITY MEASUREMENT OF VARIOUS TYPES OF LED 

RELATED TRAFFIC SIGNALS AND SIGNS 

 

Besides the traffic signal heads, LEDs are also applied to various types of traffic 

signals and signs, such as dynamic message sign (DMS), flash warning signals. The 

product features and measurement procedures are discussed. 

 

 

5.1 Intelligent Transportation Systems (ITS) LED Traffic Signals 

 

        Intelligent Transportation Systems (ITS) refers to transportation systems which apply 

emerging hard and soft information systems technologies to address and alleviate 

transportation congestion problems.  For example, using advanced surveillance systems, 

the early stages of a traffic bottleneck situation can be detected, and traffic can then be 

directed to other routes to mitigate the congestion and to provide faster and more efficient 

routes for travelers.  New technologies enable this type of surveillance and guidance 

response to occur in real time, and therefore, to allow potential congestion situations to be 

addressed before they develop into serious traffic jams. [13] 

        Unlike the usual LED signals, the ITS LEDs from Optisoft Inc. showed some 

promising features such as changeable circuit boards, less temperature dependence and less 

time dependence. 

        Its circuit structure is made of three parts (Figure 5.1). The left module is a power 

adaptor, which converts AC power to DC. The right part is the LED control board. In the 

center is the LED board. For the three colors, the first two parts are the same. The only 

difference is the LED board, which decides the color emitted. Because of the circuit 

structure, it is easy to replace a part in case of defect. 



 44

 

Figure 5.1: Internal Structure of ITS LED Traffic Signals 

 

Intensity Test 

        There is a light sensor inside the casing of the signal, which controls the brightness of 

the LED. For the red and green, the brightness has almost no change whether or not the 

sensor is blocked. For the yellow, the intensity will increase 20-30% after the sensor is 

blocked. In general, compared to ITE standards, the red and green signals pass most of the 

44 angles. But the intensity of the yellow signal is only about 60% of the ITE standard. 

With the sensor blocked, its intensity can increase to 70-80% of the standard. 

 

Temperature Dependence 

        Each of the three colored signals shows a relatively stable feature under the effect of 

high temperature. The following graph shows a common operating condition (30-70℃) for 

the green signal. Although the intensity drops a little, it’s no more than 10% in this range, 

which is much better than traditional LEDs (at least 20%). Similar cases happen to red and 

yellow LEDs. 

Power Adaptor Control Board

LEDs 
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Figure 5.2: Temperature dependence of ITS Green Signal 

 

Time Dependence 

 

        Similar to traditional LEDs, the intensity of the green signal won’t drop much while 

the yellow signal drops most significantly. The intensity of all the signals will become 

stable within one hour. But compared with the traditional LEDs, the ITS signals have better 

properties. For example, the intensity of the yellow ITS signal (See Figure 5.3) becomes 

very stable after 40 minutes, slightly shorter than other type of signals. And the intensity 

drop is less than 30%, which is also much better than traditional signals. For the red and 

green signals, the intensity drops are less significant than yellow signal. 

        There are two possible reasons for the good feature of ITE signals. First, the LED type 

used in the ITS signal is different from the LED type used in conventional signals, which is 

less temperature dependent. The other reason is that in the LED control circuit. There is a 

current feedback mechanism, which enables the current flow through the LED to be more 

stable. 
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Figure 5.3: Time dependence of ITS Yellow Signal 

 

 

5.2 Arrow Signals and Pedestrian Signals 

 

        Similar to the LED ball signals, the arrow signals also have three colors: red, yellow 

and green. They emit less luminous intensity than ball signals because the number of LEDs 

in one signal is reduced. The measurement method is exactly the same as the ball signals 

for the 44 points. In the test, the arrow is pointing up. See Figure 5.4. 

 

Figure 5.4 Yellow Arrow LED Signal 
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        Conventional pedestrian signals are made of incandescent or neon (Figure 5.5). LEDs 

are applied to modern types. Usually a pedestrian signal consists of a red “hand” and a 

white “walking person”, some are integrated with a countdown clock. The wavelength 

requirement of the pedestrian signals is not strict. For luminous intensity, only zero-degree 

intensity is required to test [14]. Figure 5.6 shows the spectrum of a white “walking 

person”. There are two peaks. The yellow peak is from the yellow LEDs, while the blue 

one is from the lamp cover. 

 

Figure 5.5: An LED Pedestrian Signal 

 

Figure 5.6: Spectrum of a White “Walking Person” Pedestrian Signal 
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5.3 Flash Warning Signals 

 

        A flasher warning signal (Figure 5.7) is made of LEDs with a flashing frequency of 

65±10 flashes per minute. They are usually used on a traffic sign with a 45 degree tilt. 

Specifications require the intensity to be no less than 35cd but no more than 500cd. 

 

Figure 5.8 Flash Warning Signal 

        A flasher signal is not a constant light source. To test the intensity of flasher signals, 

the measurement method for usual LEDs cannot be used. In this study, an oscilloscope is 

connected to the power meter to observe the intensity level. First the system was calibrated 

by a yellow LED signal, which has the same peak wavelength and a stable output. For 

example, 0.1V on the oscilloscope corresponds to 1.0 µW on the power meter. Record the 

voltage on the oscilloscope when the signal is flashing. And then convert it into power; 

finally convert it into candela. The measurement includes both horizontal and 45˚ leaning 

placement of the signal, because in real application, this signal is usually placed in a 45˚ 

leaning position. 

 

5.4 Dynamic Message Signs (DMS) 

 

        The center-to-roadside application area covers the interface between a traffic 

management subsystem and a specific type of roadway equipment that provides 

information to a vehicle operator -- the dynamic message signs (DMS).  These signs may 
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be deployed using various technologies, such as "flip panels," multiple lights, or light-

emitting diodes and is capable of displaying a limited number of messages or a fully 

customized message using various fonts and colors.  The primary purpose of these signs is 

to convey traffic conditions, weather conditions, and other traveler-advisory information to 

the vehicle operator. [15] 

      Dynamic Message Signs from Skyline Products Inc. use high intensity amber AlInGaP 

LED technology. [10] Every DMS module is made up of 5×7 (horizontal ×vertical) pixels 

with each pixel consisting of 8 LEDs (See Figure 5.8). Some optical and electrical 

properties have been studied and compared with ITE specification. [7] 

 

Figure 5.9: Skyline DMS module 

        Peak wavelength and chromaticity are measured by the Photo Research 650 

colorimeter. Although the peak wavelength is 596nm, which is higher than the specification 

590nm, the chromaticity (x=0.575, y=0.423) meets the standard for a yellow LED. 

        The intensity is measured with 0 degree to the detector by the power meter. To make 

sure it has no relation with the choice of distance, the intensity under several different 
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distances was tested and the results were found to be the same (See table 5.1). 

Table 5.1: DMS Pixel Intensity vs. Distance 
 

Distance (ft) Intensity (cd) 

6 43.4 

8 44.1 

10 42.8 

 

        Viewing angle is defined by the horizontal angle where the intensity is 50% of the 

measured intensity of the 0 degree. The Intensity angular distribution for one pixel is 

shown in figure 5.10. The viewing angle is found to be about 20°.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.10: Intensity Distribution of Skyline DMS Pixel as a function of Viewing 
Angle 

 

        In order to calculate electrical power for each pixel, the voltage is first tested with 8 

LEDs each and the average is obtained. The current is calculated by the difference of 

currents with one pixel turned on at a time. Then the average current is obtained (See table 

5.2). 

Table 5.2: Calculation of DMS Current 
 

Number of pixels on Total current (A) Current of each pixel(A)

0 0.487

1 0.537 0.05

2 0.589 0.052

3 0.638 0.049

4 0.688 0.05

5 0.737 0.049

0.05  Average

0 
0.1 

0.2 
0.3 
0.4 

0.5 
0.6 
0.7 
0.8 

-15 -10 -5 0 5 10 15 

Horizontal angel (degree)
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        Then the power is calculated as following: 

 Pixel power = pixel voltage × pixel current × number of LED in one string = 0.5236W 

        Table 5.3 is a summary for the comparison between test results and specification. 

Although the peak wavelength of the signal didn’t match the specification, the chromaticity 

satisfied. 

 

Table 5.3: Test Results of Skyline DMS 

 

In real application, the Skyline DMS comes with a glass cover, which will block part 

of the intensity. A test for the transmission rate is done by measuring the intensity of LRS-

455 broadband light source with and without the glass cover. Dividing the intensity 

measured with the cover by that measured without the cover, the transmission rate is 

obtained. See Figure 5.11. 

 

Figure 5.11 Optical Transmission of Glass Cover 
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Skyline Specification

Peak wavelength (nm) 596 590

Highest intensity (cd) 42 ≥40

Viewing angel (degree) 20 ≥15

Number of strings in one pixel 2 ≥2

Peak current of string (mA) 25 ≤27

Pixel power (W) 0.52 ≤1.5

Voltage on board (V) 12.63 ≤25
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From the above figure, we see that the violet light is mostly blocked by the glass cover. 

The transmission rate is fairly steady in the wavelength range of 440nm – 780 nm. At the 

peak wavelength of Skyline LEDs (596 nm), the transmission rate is 81%. When we are 

measuring the intensity with cover, this transmission rate must be taken into account. With 

the cover, the Skyline DMS could not pass the specification. 
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CHAPTER 6 

FUTURE DEVELOPMENT OF THE MEASUREMENT AND CONCLUSION 

 

6.1 Future Development of the Luminous Intensity Measurement 

 

        When measuring the traffic signals’ luminous intensity versus angle, the goniometer 

was rotated by hand. Instead, simple computer controlled motors could be applied, so that 

the goniometer can be manipulated by computer software.  

        Provided that the light tunnel is built, the implementation of the computer controlled 

goniometer and the data acquisition ability of the Photo Research colorimeter will prove 

to be more efficient for all luminous intensity versus angle measurements. With the light 

tunnel, more accurate measurement can be done. It will also support more types of optical 

tests, such as retro-reflective pavement signs, which require a minimum testing distance 

of 50 feet. [16] 

        Because the Photo Research colorimeter is very sensitive to its angle, it’s better to 

use certain device to fix the colorimeter, but not just using a tripod. This could be 

satisfied after the light tunnel takes effective.  

        An alignment device may also be applied to set the position of detector more 

precisely. 

        Some traffic signals need to be turn on and turn off frequently, such as yellow LED 

signal heads. The time period for on or off is specified. It would be better to have a 

timing controller that can automatically switch the signal. 

 

6.2 Conclusion 

 

        LED related signals have wide applications in traffic control. According to the 

human eye’s sensitivity to intensity and color, certain specifications were made to ensure 

the safety of motorists and pedestrians. In this thesis, principles of LEDs and testing 
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devices are specified. Measurement procedures of various types of LED related signals’ 

chromaticity and luminous intensity are discussed. With the help of the Photo Research 

colorimeter, the test of chromaticity becomes very easy, but there are many factors which 

affect the results of luminous intensity. For the intensity measurement, 12-inch LED 

signal heads are the most basic but important signals. Measurement of other types of 

LED related signals are based on them. Problems in the measurements were found, and 

then certain developments and improvements are applied to the measurement. However, 

some problems still remain, which leaves space for future development. 
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APPENDIX A 

Eye Sensitivity Table 

 

Wavelength (nm) Relative Sensitivity (Vλ) 

380 0.000039 

390 0.00012 

400 0.000396 

410 0.00121 

420 0.004 

430 0.0116 

440 0.023 

450 0.038 

460 0.06 

470 0.09098 

480 0.13902 

490 0.20802 

500 0.323 

507 0.44431 

510 0.503 

520 0.71 

530 0.862 

540 0.954 

550 0.99495 

555 1 

560 0.995 

570 0.952 

580 0.87 

590 0.757 

600 0.631 

610 0.503 

620 0.381 

630 0.265 

640 0.175 

650 0.107 
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Eye Sensitivity Table: Continued 

 

Wavelength (nm) Relative Sensitivity (Vλ)

660 0.061 

670 0.032 

680 0.017 

690 0.00821 

700 0.004102 

710 0.002091 

720 0.001047 

730 0.00052 

740 0.000249 

750 0.00012 

760 0.00006 

770 0.00003 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 57

 

 

 

APPENDIX B 

Calibration Procedure for Photo Research Colorimeter 

 

Wavelength Calibration 

 

      For wavelength calibration, a WC-100 wavelength calibrator is used. The 

WC-100 consists of a lamp power supply, lamp housing containing a helium (He) 

lamp and opal glass. During operation, the WC-100 emits He spectral lines that the 

above mentioned spectroradiometers utilize to map the physical detector to the known 

wavelengths of the emission lines. During use, the He lamp emits the following 

spectral lines: 

388.0 nm, 447.2 nm, 471.3 nm, 587.5 nm, 667.8 nm, 706.5 nm, 728.1 nm 

 

Procedure: 

 

Step 1 – Set up and align the Optical Head on the wavelength source. Install the Opal 

Glass in the slot provided on the front of the Lamp Housing directly in front of the 

housing’s exit port. Align and focus the spectroradiometers on the center of the opal 

glass. 

Step 2 – Turn on the spectral line source and allow at least 15 minutes to warm up. 

Step 3 – From the Calibration menu of SpectraWin, choose Custom. 

Step 4 – Click on Wavelength. 

Step 5 – Select the aperture to use during the calibration. 

Step 6 – Enter the Measurements to Average in the appropriate window.  

Generally, 1 Measurement to Average is sufficient for Wavelength Calibration 

measurements.  

Step 7 – Enter the Exposure Time for the calibration measurement (between 25 ms 
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and 60,000 ms).  

Step 8 – Click on Measure. The program proceeds to make a trial measurement for the 

displayed Exposure Time to determine the relative intensity of the wavelength source 

with respect to the sensitivity of the instrument. 

Step 9 – The program then checks to see if the detector signal falls within the 

acceptable range which is 50% to 90% of detector saturation at the peak detector 

element. 

Step 10 – For best results, the level indicator must be in the blue section of the scale. 

If not, adjust the signal level or the detector exposure time. 

Step 11 – Once the level indicator is in the blue zone following a test measurement, 

click on Finish. SpectraWin begins the Wavelength calibration. 

Step 12 – Following the calibration, the results can be viewed in the WavCal Report. 

 

Intensity Calibration 

 

For intensity calibration, the LRS-455 Integrating Sphere Calibration Source is 

used. It is a light standard source designed exclusively for precision calibration of 

microphotometers, image intensifiers, telephotometers, and spectroradiometers. Its 

large area, uniform, diffusely radiating source with a near normal luminance can be 

varied over many decades without changing color temperature. The luminance level 

can be varied typically from a minimum of 0.001 fL to 7,500 fL at 2856K without 

altering the color temperature. Standard calibrations of luminance and color 

temperature range from 380 nm to 1068 nm. The LRS-455 consists of a source 

module/optics head and an electronic display console/power supply.  

 

Procedure: 

 

Step 1 –Turn on the spectral standard LRS-455 and allow at lest 15 minutes for 

warm-up. 

Step 2 – Align and focus PR-650 on the measuring surface of the standard.  
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Step 3 – Back up all current calibration files. 

Step 4 – From the Calibration menu of SpectraWin, choose Complete. 

Step 5 – The Wavelength Calibration must be performed prior to the following 

calibrations. 

Step 6 – Perform Relative Spectral Intensity Calibration. 

Step 7 – Perform Linearity Calibration. 

Step 8 – Perform Photometric Calibration. 

    Step 8.1 – Click on Primary Accessory or Add on Accessory.  

    Step 8.2 – Select the accessory to be calibrated. 

    Step 8.3 – Select the aperture to be used during this calibration. 

    Step 8.4 – The calibration measurement commences by clicking on Next. 

    Step 8.5 – Enter the actual photometric intensity of the standard in the Correct   

window. 

    Step 8.6 – Click on Finish. The Photometric correction factor is sent to PR-650. 

    Step 8.7 – To view a report for the photometric calibration, click on Calibration 

-> Reports -> Photometric. 
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