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Background 
Visual signals used in emergency notification systems need to be detected under a wide range of 
luminous conditions. Signals can be detected directly, when the signal is along or near an observer's line 
of sight; or indirectly, when the signal is outside the field of view and only the fluctuations in room 
surface brightness as the signal light flashes are seen. The primary photometric specification for flashing 
visual signals used in emergency notification is the effective intensity (Blondel and Rey 1912), defined as 
the time-integrated luminous intensity of the flash of light, divided by the duration of the flash modified 
by a constant related to the visual system's integration time: 
 

 Ie = ∫t1
t2I(t) dt/(a + t2 – t1)       (Eq. 1) 

 

where Ie is the effective intensity (in cd), 
 I(t) is the instantaneous luminous intensity of the flash of light at time t (in cd), 
 t1 and t2 are the start and end times of the flash of light (in s), 
and a is a constant equal to 0.2 s. 
 

While effective intensity (Blondel and Rey 1912) provides a useful rectifying variable for the 
performance of visual signals viewed directly (IALA 2008; Bullough and Skinner 2013; Bullough et al. 
2013a), published evidence suggests that it is not as useful to predict indirect visual detection 
performance. DeVoss (1991) and Savage (2011) reported that flashing lights with longer flash durations 
required higher effective intensities to be seen indirectly, relative to shorter flash durations. The present 
study was conducted to assist in identifying a performance metric suitable for predicting indirect 
detection performance. 
 
Method 
A series of human factors laboratory experiments were conducted using a light-emitting diode (LED) 
source that could be controlled to produce flashing light with flash durations between 1 and 100 ms and 
with effective intensity values between about 0.5 and 200 cd. In some experiments a xenon strobe 
source was used with a flash duration of <<1 ms. Study participants observed the flashing indirectly 
while facing a wall 20 ft from the light source. In different experiments, ambient room light levels were 
between 250 and 500 lux, flash frequencies were 1 or 2 Hz, and participants either looked at the facing 
wall or performed a visual task on their desk while making observations. The area of the wall facing 
participated that was illuminated by the light source was either 2 ft (6o beam) or 12 ft (40o beam) wide. 
 
Experimental Results 
As illustrated in Figure 1, which shows an example of detection data under a room illuminance of 500 lux 
and a flash rate of 2 Hz, effective intensity was not a suitable metric for predicting indirect detection 
performance of visual signals. As found by DeVoss (1991) and Savage (2011), shorter-duration flashes 
were consistently easier to detect than longer-duration flashes having the same effective intensity, a 
finding repeated in all of the experiments conducted. Higher effective intensities were needed under 
higher ambient illuminances, while performing a visual task, and with narrower beam angle. There were 
no differences between flash frequencies of 1 and 2 Hz. 
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Figure 1. Indirect detection performance to lights varying in effective intensity and flash duration, for an 

ambient room illuminance of 500 lux and a flash frequency of 2 Hz. 
 
Modified Performance Metric 
Effective intensity was confirmed to be a poor predictor of indirect detection performance. Taking into 
account findings that under light levels experienced indoors in buildings, the visual system's integration 
time is substantially shorter (Battersby  and Schuckman 1970) than under the dark-adapted conditions 
used by Blondel and Rey (1912), a modified version of Equation 1 with a value of a = 0.01 s (Battersby 
and Schuckman 1970) was used as a preliminary indirect effectiveness quantity (IEQ). As illustrated in 
Figure 2, indirect detection performance for flashing lights with different flash durations, including 
xenon strobe lights (Figure 2b), appears to be predicted by the IEQ metric regardless of the flash 
duration, and all data for each set of experimental conditions fall along a single function. 
 

a.  b.  
Figure 2. a: Indirect detection for an ambient room illuminance of 500 lux and no visual task, b: indirect 

detection with a visual task, as a function of the IEQ metric. 
 
The goodness of fit between the experimental indirect detection data for each experiment and the IEQ 
metric suggest that it could serve as a basis for specifying the performance of flashing signal lights when 
viewed indirectly, independent of their flash durations. Based on the results of all of the experiments, 
which are summarized in a technical report by Bullough et al. (2013b), an indirect detection 
performance level of 90% is achieved when the IEQ metric has a value of about 750 cd under an ambient 
room illuminance of 500 lux, and when it has a value of about 375 cd under an illuminance of 250 lux. 
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Discussion 
Of course, the experimental results have several important limitations. The distance of 20 ft between 
the light source and the wall facing it means that for longer distances between the flashing signal light 
and the room surface it is illuminating, the relative IEQ value would have to be higher in proportion to 
the square of the increase in distance. In addition, the precise relationship between the area of wall 
surface illuminated by the flashing visual signal and the indirect detection performance is not fully 
known, but when the light source only illuminated a 2 x 2 ft section of wall, performance was 
substantially lower than when it illuminated a 12 x 12 ft section. The criterion IEQ values listed above for 
different illuminances assume the larger illuminated portion of wall surface. 
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Presentation Part 2, by Robert P. Schifiliti, P.E., FSFPE 
 
The research results present both challenges and opportunities for the signaling industry.  The second 
part of this joint presentation will explore and outline several possible paths forward for the 
development of code, product standards and products.  Some recommendations will be presented and, 
as time permits, ideas and discussion will be sought from the symposium participants.   
 


