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On the Way Automated fault detection and diagnostics for LED street lighting systems 

Many of the benefits of 
LED streetlights are 
proven and accepted, 
and cities and electric 

utilities are replacing their aged 
installed base of high-pressure 
sodium (HPS) and metal halide 
(MH) with LED. However, in 
many instances, the benefits of 
these new lighting systems are 
compromised by aging electri-
cal distribution systems, extreme 
weather, and the possibility 
that some LED streetlights may 
not be designed to function as 
intended during non-ideal cir-
cumstances. For example, power 
line disturbances that result in 
voltages outside of the rated LED 
driver operating range can cause 
intermittent service disruptions 
or compromise reliability and 
lifetime, potentially resulting in 
dangerous lighting conditions. 

Connected lighting systems 
(CLS) that offer remote monitor-
ing and promise sophisticated 
lighting control strategies and 
improved maintenance efficiency 
have been on the market for 
many years, but their deployment 
remains limited. In principle, CLS 
improve upon traditional mainte-
nance practices by automating 
what are typically manual, in-
person tasks, as summarized in 
Figure 1. Remotely monitored 
data can be used to alert mainte-
nance staff as soon as a service 
disruption occurs. If the fault 
location is properly determined, 
a maintenance crew can auto-

matically retrieve asset data (the 
fixture make, model and nominal 
light output) from an asset man-
agement database, or in some 
cases directly from the faulted 
device, and optimize transit to 
service the device. If the fault is 
properly diagnosed and the cor-
rect maintenance action is deter-
mined, the crew should be able 
to complete the required mainte-
nance action in a single trip. 

THE USE OF CLS TO IMPROVE 

maintenance efficiency holds 
much promise but remains far 
from standard practice. The data 
provided by deployed CLS may 
not always lead directly to fault 
detection, diagnosis and main-
tenance actions. For example, a 
service disruption resulting from 
a luminaire not providing light or 
operating at low light intensity 
can be detected by monitoring 
the driver output voltage and 
current, then comparing these 
values to defined thresholds. But 
different types of lighting service 
disruptions, and the ways to 
detect and differentiate between 
them, are not yet well-defined 
in recommended practice, leav-
ing maintenance staff struggling 
to set useful thresholds. And 
while a voltage or current that is 
outside a user-defined high or 
low threshold may be an indica-
tion that a service disruption 
has occurred, questions remain 
about the cause of the fault. Did 
the LED driver fail? Is a connec-

‘‘ Remotely 
monitored 
data can alert 
maintenance 
staff as soon 
as a service 
disruption 
occurs 

tor or wire broken? Additional 
data and analysis are likely 
required to diagnose the cause 
of the disruption. 

Pacific Northwest National 
Laboratory (PNNL) has been 
investigating barriers to realizing 
the potential of CLS to improve 
maintenance efficiency for a 
number of years. One of the 
fundamental barriers appears 
to be a lack of well-defined and 
documented faults for various 
lighting system equipment, and 
a mapping of possible detection 
schemes for each fault that lever-
ages monitoring data available in 
commercially available products. 
We have been identifying com-
mon lighting system faults from 
literature reviews, stakeholder 
engagements and laboratory 
investigations. With a focus on 
street lighting systems and the 
aging electrical distribution infra-
structure commonly found in 
older cities, we recently investi-
gated the type and prevalence of 
luminaire service disruptions that 
might result from long-duration 
undervoltage disturbances. 
Streetlights from 12 different 
luminaire manufacturers contain-
ing LED drivers from seven differ-
ent manufacturers were exposed 
to undervoltage conditions in 
our Connected Lighting Test 
Bed. Service disruptions were 
observed and characterized, 
faults associated with unique ser-
vice disruptions were named and 
defined, and electrical data from 

circuit-level meters were used to 
imagine possible automated fault 
detection schemes. 

The study sought to answer 
the following research ques-
tions: 
1. Do long-duration—specifically 

lasting more than one min-
ute—input voltage deviations 
(e.g., undervoltage) cause 
any LED streetlight service 
disruptions? 

2. What LED streetlight service 
disruptions (e.g., reduced 
or strobing light output) can 
result from long-duration 
input voltage deviations? 

3. Do any of the LED streetlight the undervoltage condition was It is possible, if not likely, that 
service disruptions that result used to identify service disrup- some aspects of the varying 
from long-duration input volt- tions. Testing identified three response of the luminaires and 
age deviations persist once different luminaire faults that can drivers tested are intentional— 
the input voltage returns to result from an undervoltage con- by design. Further, luminaire 
nominal conditions? dition: “Luminaire: High Current,” fault behavior was shown to be 

4. What unique streetlight faults “Luminaire: Low Light,” and dependent on LED driver choice, 
can be defined based on “Luminaire: Intermittent Output.” design and alignment with LED 
the observed service disrup- module load rating. Fault detec-
tions? NOTABLY, NOT ALL STREETLIGHTS tion schemes were proposed 

for identifying the “high likeli-
streetlight faults be auto- ically, not all streetlights exhibit-

5. How can the identified LED behaved identically. More specif-
hood of a fault,” and the likely 

matically detected using data ed all three fault types identified occurrence of each of the three 
from commercially available in the study. All tested street- identified faults. A fault detection 
CLS? lights performed as expected for scheme that utilized input volt-

The luminaire input voltage of the first three undervoltage con- age was found to only be useful 
a streetlight might experience an ditions. However, as the input for determining whether a fault 
undervoltage condition for many voltage decreased below 102 has (most likely) not occurred 
different reasons, and the study volts, streetlights exhibited one or whether a fault may have 
didn’t attempt to identify or repli- or more of the identified faults occurred. Discerning between 
cate those causes. Testing emu- at each evaluated test condi- these three faults requires the 
lated the undervoltage condition tion. As shown in Figure 2, additional measurement and 
via the use of a programmable all 12 streetlights exhibited the monitoring of the input current 
power supply. Ten undervoltage “Luminaire: High Current” fault, draw of the luminaire and/or LED 
conditions were created, span- 5 of 12 streetlights exhibited a driver and the input power of the 
ning the range from a nominal “Luminaire: Low Light” fault, and luminaire. Owners and operators 
input voltage of 120 VAC down 6 of 12 streetlights exhibited a of lighting systems that have the 
to 60 VAC. Human observation “Luminaire: Intermittent Output” ability to monitor the conditions 
of the streetlight response to fault. specified by the fault detection 

Figure 1: Traditional (top) versus connected (bottom) streetlight solutions. 
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Figure 2: Distribution of the performance/behavior of 12 LED streetlights at each input voltage level 
from 120 to 60 volts. Voltage decreases from left to right to reflect the test sequence. 

schemes (i.e., input voltage, 
current and power) are recom-
mended to consider using the 
results of this study to implement 
those schemes. For example, 
an input-voltage threshold can 
be set at 102 volts to identify 
the “high likelihood of a fault” 
or “risk of undesirable lighting 
behavior.” Similarly, a luminaire 
input current threshold can be 
set for 120% of the rated value 
to detect a “Luminaire: High 
Current” fault associated with the 
“high risk of accelerated failure 
rate and reduced lifetime” for 
all components that are expe-
riencing increased current for 
prolonged durations (e.g., the 

LED driver and electrical connec-
tions). Finally, a luminaire input 
power threshold can be set at 
95% of the rated value to detect 
a “Luminaire: Low Light” fault, 
and two luminaire input power 
thresholds can be set to detect a 
“Luminaire: Intermittent Output” 
fault: one targeting a 20-percent-
age-points change in relative 
input power twice in a rolling 
one-minute interval to identify a 
strobing behavior and a second 
identifying a 100% reduction in 
relative input power for a dura-
tion of more than one minute. 

We anticipate that the results 
and lessons learned from this 
study and subsequent related 

work will apply to other electrical 
systems beyond lighting, which 
in turn will motivate additional 
research and further conversa-
tions among organizations devel-
oping standards about test and 
measurement procedures and 
performance classifications for 
lighting products operating under 
degraded electrical conditions. 

Much more research in this 
area is needed, and PNNL plans 
to conduct follow-up studies 
focused on identifying additional 
faults in luminaires and other 
lighting equipment and dem-
onstrating potential automated 
fault detection and diagnostics 
schemes. In the meantime, the 
study offers recommendations 
to key stakeholders, including 
end users, LED luminaire and 
driver manufacturers, and stan-
dards and specification develop-
ment organizations. 

Learn more by downloading 
the full study at https://www. 
energy.gov/eere/ssl/sensors-
and-fault-detection. 
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