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Appendix 1

Mean Reaction Timesfor Individual Subjects

The following figures show the mean reaction time plotted againg the signa luminance, for each subject
when viewing each combination of luminance and color used. The y-axis error bars correspond to one
standard deviation about the mean reaction time. The x-axis error bars correspond to one standard
deviation about the mean measured luminance. The x-axis error bars are only given for the
measurements made in the first experiment. For that study, the luminance of the sgnals was measured in
severd different ways and the results averaged. No additiond luminance measurements were madein
the third experiment, the relationship between mean measured luminance and current through the LED
edtablished in the first experiment being used to predict the current required to achieve the desired sgnd
luminance in the third experiment. The three curves in each figure are power law fits through the mean
reaction times, the mean reaction times plus one standard deviation and the mean reaction time minus
one gtandard deviation. The power law fits through the mean reaction times plus and minus one sandard
deviation have been caculated to provide a sengtivity test for the normalized equations predicting the
percentage change in reaction time (See Appendix 3).
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Appendix 2

Per centage Change in Reaction Time Normalized to Performance Level 2 of the Draft
European Standard for a 200 mm Diameter Signal

The following three figures show the percentage change in mean reaction time for the red, yellow and
green LED dgnds cdculated from the best fitting curves through the mean reaction times for each

individual subject (see Appendix 1 for the curves). For the red, yellow and green LED signals, 100%
reaction time is a aluminance of 6366 cd/n.
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Appendix 3
Per centage Change in Reaction Time Based on Different Individual Curves

The following three figures show the percentage change in mean reaction time for the red, yelow and
green LED sgnds caculated from the best fitting curves through the mean reaction times, the mean
reaction times plus one standard deviation and the mean reaction times minus one standard deviation for
each individua subject (see Appendix 1 for the curves). For thered LED signal, 100% reaction timeis
a aluminance of 5000 cd/n?. For the yellow LED signd, 100% reaction time is at aluminance of
23,121 cd/n?. For the green LED signal, 100% reaction timeis at aluminance of 10,000 cd/r?. The
fact that the percentage changes are very smilar for al three curves, for the same signd color, indicates
the predictive equations for percentage change in reaction time are robust.
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Percentage change in mean reaction
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Appendix 4

Missed Signalsfor Individual Subjects

The following figures show the mean number of Sgnas missad plotted againgt the sgnd  luminance, for
each subject when viewing each combination of luminance and color used in the firgt and third
experiments. The y-axis error bars correspond to one standard deviation about the mean number of
sgnas missed. The x-axis error bars correspond to one standard deviation about the mean measured
luminance. The x-axis error bars are only given for the measurements made in the first experiment. This
is because for that study the luminance of the Signals was measured in severd different ways and the
results averaged. No additional luminance measurements were made in the third experiment, the

rel ationship between mean measured luminance and current through the LED established in the first
experiment being used to predict the current required to achieve the desred sgnd luminancein this
study.
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Mean number of missed signal
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Mean number of missed sign
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Mean number of missed signa
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Mean number of missed signal
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Mean number of missed signa
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Appendix 5

Per centage of Missed Signals Predicted from the Best Fitting Equations

The percentage of missed sgnasfor each signa color are predicted from the best fitting equation, for
the range of luminances used in the measurements. The best fitting equation for the yelow LED goes
dightly negative at luminances higher than 10,500 cd/nf (-0.66% at a luminance of 23,500 cd/n). As
thisisimpossible, the negative percentages have been replaced with a zero value, above 10,500 cd/n.

L uminance (cd/m?) Green LED Yelow LED Red LED
1000 62 38 12
1500 41 13 3.8
2000 27 75 2.3
2500 18 5.1 1.6
3000 12 3.7 1.2
3500 8.2 2.8 1.0
4000 5.8 2.2 0.86
4500 4.3 1.8 0.74
5000 3.3 15 0.66
5500 2.6 1.2 0.59
6000 2.1 0.96 0.53
6500 1.8 0.78 0.48
7000 1.6 0.63 0.44
7500 1.4 0.50 0.41
8000 1.3 0.38 0.38
8500 1.2 0.29 0.36
9000 1.1 0.20 0.34
9500 1.1 0.12 0.32

10000 1.0 0.06 0.30
10500 0.94 0.00 0.29
11000 0.89 0.00 0.27
11500 0.85 0.00 0.25
12000 0.80 0.00 0.24
12500 - 0.00 0.24
13000 - 0.00 0.23
13500 - 0.00 0.22
14000 - 0.00 0.21

A5-1




Appendix 6

Means and Standard Deviations of Ratings of Brightness, Conspicuity and Comfort, for all
Three Signal Colorsat the Luminances Used.

Luminance Brightness Conspicuity Discomfort
Standard Standard Standard
Light source (cd/m2) Mean deviation Mean deviation Mean deviation
LED - Red 13704 8.00 153 833 142 2.87 193
LED - Red 8205 7.13 189 763 194 233 154
LED - Red 5319 6.77 198 7.00 207 2.37 143
LED - Red 3626 5.97 161 6.40 175 247 176
LED - Red 2115 4.70 156 4.83 170 253 1.89
LED - Red 1049 3.00 120 317 142 317 2.73
Incandescent - Red 5312 6.17 174 6.60 177 2.80 175
LED - Yellow 22253 7.07 141 7.17 160 257 148
LED - Yellow 16895 7.10 173 7.27 160 253 163
LED - Yellow 13580 6.77 125 6.63 143 2,67 169
LED - Yellow 8119 5.77 150 5.67 173 277 177
LED - Yellow 5321 4.80 140 4.73 144 310 217
LED - Yellow 1068 207 0.78 197 0.96 347 352
Incandescent - Yellow 22567 6.73 157 6.67 160 247 146
Incandescent - Green* 11819 6.10 192 5.90 204 250 1.89
Incandescent - Green* 9334 5.60 177 5.40 199 267 204
Incandescent - Green* 7171 5.70 225 5.03 2.36 2.87 206
Incandescent - Green* 6352 5.10 192 473 203 277 179
LED - Green 4596 513 155 4.70 164 2.83 204
LED - Green 1018 207 101 203 0.96 363 331
Incandescent - Green* 9587 517 2.05 453 230 2.83 231

* |ncandescent sourcefiltered to provide similar color to green
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