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ABSTRACT:

Streetlights play an important role for public safety and urban infrastructure.However, there is a need to
replace the traditional streetlights with smart streetlights which contain sensors and actuators integrating
with appropriate devices to make them more intelligent . Traditional street lights have many issues like
huge power consumption ,small lifespan and hard to detect the fault. To overcome these problems, there
is a need to implement smart and advanced technology such as drone based aerial inspection , zig bee
based wireless sensors and many more. These technologies not only detect faults but also help to reduce
wastage of time ,maintenance cost and enhance its performance.Therefore, the aim of this research is to
establish the smart urban infrastructure by enhancing the efficiency and reliability of the street lighting.

Keywords: Street lights, Drone based aerial inspection, fault detection,LDR (light dependent
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Introduction:

We all have heard since childhood that science has been a boon to our society so as technology which is
somehow evolved from science as well. We all are familiar with the term ‘IOT’, Internet of things which
not only introduced us to a new technology but also helps people to ease their livelihood.IOT uses smart
technologies like sensors, different softwares to fabricate,modify the system which requires management.
Street lights are just like survival kits for the people with vehicles,also the most needed parameter not
only for the road but also outside the houses to assist the pedestrians and drivers.It is not as simple as it
looks it requires high time to time maintenance because of many unfavorable conditions like
thunderstorm,rain,etc it gets damaged.Over the years the only way to amend it is through linemen but it
is not possible all the time that one will spend valuable time on searching for the defects.But it is 21st
century, it needs to be changed and shifted to a evolutions in technologies which outdrive the manual
maintenance of street lights.The aim is to minimize and help to decrease the workload on the manually
maintenance of the light by placing sensors or another specific softwares which in turn detects the fault
and save the valuable time.Accidents can be avoided by using traditional street lights but there are other
issue like power consumption,longer lifespans and enhanced control options also need to figure out. To
resolve such problems, including accidents, smart street lights need to be established in place of
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traditional street lights. Smart street lights are nothing but a modified version of traditional street.Sensor ,
actuator and many other software are used to make it more intelligent.

To reduce power consumption,one step can be done i.e. to replace the traditional fluorescent lamps
with LED(light emitting diode. According to data, the use of LEDs by integrating it in appropriate
devices is increasing day by day. For example ,Baek et al used a motion sensor that helps to turn off or
on the lights automatically in the control center and on the other hand , Bhairi et al used a LED driver
which helps to adapt street lighting to human vision , allowing the lights to be turned off and on
automatically in the comfort of user . LED drivers help in voltage conversion , current regulation and
dimming & control. It transforms the incoming high voltage AC power to low voltage DC power
required by LEDs and also ensures that a consistent and optimal amount of current is allowed through
lights which might help to increase its life spans. However, power consumption is reduced by using LED
drivers but now the new challenge is its maintenance cost which is not only expensive but also difficult
to obtain real time data to ensure operability. Smart street lights can be monitored more efficiently by
integrating it with 10T .

Therefore, it helps to collect the data and allows us to monitor whether smart street lights are working
properly and providing adequate light ,which reduces maintenance costs. For avoiding theft issues , a
camera with lights can be established so that it is monitored remotely. Automatically enabled street light
can also be one of the important measures to reduce the chances of fault in the cables,lights
etc.LDR(light dependent resistor) can also be used which operates on solar lights which control the
ON/OFF state of light.In this,the street light will get automatically off during the day time which not
only reduces the power consumption but effectively reduces the chances of getting distorted.Using LDR
light can be adjusted according to weather conditions.Motion sensors could also be the successful
parameter which makes the use of sensors to perceive the motion of the pedestrians and vehicles.Hence,
there’s a many possibilities which can further used to sense and upgrade the faults on the street
lights.Such innovations are eagerly needed and could be one of the smartest innovation a country or a
society asked for. As a responsible citizen ,it is our responsibility to make innovations which contribute
to the development of the country.

LITERATURE REVIEW :
Smart street lighting is one technological advancement within the past decade to create more energy-
efficient, cost-effective, and reliable infrastructure within cities by replacing traditional conventional
ones. High-intensity discharge lamps or fluorescent lights used in streetlights use tremendous amounts of
energy and have relatively short spans of life. Additionally, traditional devices' faults consume
manpower for their detection and maintenance. These inefficiencies paved a way for smart street
lighting systems. Such systems integrate modern technologies, like sensors, 10T appliances, and energy-
efficient light bulbs, into illuminating streetslighting in a way to overcome the weaknesses of
conventional systems.

1. Energy Efficiency with LED Integration: A number of studies point to the development of LED as
they hold better energy efficiency along with much longer lifespan as compared to the traditional one.
According to Baek et al. (2017), there is also decreased power consumption as a result of the
introduction of motion sensors and use of integrated LED systems that adjust lighting according to
pedestrian or vehicular presence. Indeed, LED-based smart lighting has provided a new platform as
the foundation of contemporary streetlight infrastructure, with large reductions in energy and
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superior performance. In addition, Bhairi et al. (2021) demonstrated that energy efficiency can be
further optimized for the LED driver by adjusting the lighting intensity based on the needs of
humans' vision, which ensures better adaptability and comfort for users.

2. 1oT and Wireless Sensor Integration: Using IoT technologies, which is one of the most critical
components in smart street lighting systems wherein real time monitoring, control, and automation
are permitted. For instance, wireless sensor networks based on Zigbee have been thoroughly reported
in the literature to have low power consumption and good capabilities for communications. Li et al.
(2019) explored loT application in obtaining instantaneous streetlight performance metrics in terms
of energy usage and fault event, thus allowing predictive maintenance-extending the system's
lifespan together with a decrease in downtime-through a reduction in operation costs.

3. Utilizing Drone-Based Aerial Inspection and Fault Detection: Fault detection is an important
function in street lighting systems to maintain efficiency. Manual inspection, currently the only
method of fault detection in place, involves labor-intensive and costly procedures, coupled with slow
results. Drone-based aerial inspection integrates a more efficient solution as presented by Chen et al.
(2020). Drones equipped with high-resolution cameras and sensors can be used to inspect streetlights
to identify faults, including broken fixtures, bad wiring, or non-working lights without the need for
deployment of ground crews. Maintenance becomes quicker and more accurate with heavy
reductions in labor cost and time.

4. Automation and Motion Sensors: Automation techniques have been researched to maximize the
operational efficiency of a street lighting system. According to Bhatti et al. (2018), motion sensors
detect movement and, therefore turn on/off the light automatically. Since streetlights are only
activated when there is a pedestrian or vehicle, this will help minimize energy wastage due to less
waste of energy from streetlights. LDR (Light Dependent Resistor) sensors can also control the
lighting intensity according to the ambient light, and it will be at its peak light during nighttime
while the lights are off during daytime, hence, consuming even lesser energy.

5. Centralized Control Systems: As mentioned earlier, in certain studies, such as Anand et al. 2021,
centralized control systems are preferred for better streetlight performance. By putting streetlights on
the smart grid with loT, the municipal authority can enable remote monitoring and control of its
lighting systems, providing real-time information about energy consumption, fault detection, and an
indication of when maintenance is needed to decrease both energy costs and maintenance expenses.
Al-driven analytics can also be further integrated to predict failures before they occur, thus reducing
downtime and preventive maintenance.

6. Challenges and Future Directions: Although the benefits of smart street lighting systems are obvious,
there remain so many issues to be solved. Maintenance costs could only go that low as it did not
seem so simple to integrate the various technologies from sensors to cameras and communication
networks. Moreover, real-time data collection and further processing call for very high cyber
security measures so that the infrastructure is safeguarded against possible cyber threats. Some of the
potential future research areas include cheaper alternatives, interoperability between various smart
technologies, and security of loT-connected street lighting.

In a nutshell, the literature highlights that together with 10T, LED technology, drone inspections, and
sensor-based automation will shift the prospects of traditional street lighting. These smart
technologies can only be achieved with embracement by realizing more sustainable, cost-effective,
and reliable infrastructures for urban cities. However, the clear roll-out of smart street lighting in the
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next few years will be determined by the issues facing integration, cost, and cybersecurity.

METHODOLOGY:

There are many ways which make it easy to detect faults in street lights but these are not used frequently
yet everywhere.

Drone based aerial inspection:- In this method, there is an involvement of UAV (unmanned aerial
vehicles)which consist of thermal imaging sensors and cameras that help to detect the variation in
temperature and capture the visual information.And the data are transmitted to the control system for
analyzing and recognizing the defect whether there is wire damage,overheating component or any
structural damage.

Acoustic sensors: Using microphones or other sensors to detect abnormalities in the street light by
producing the buzzing or humming sounds from the defective region.

Smartphone apps: An app can be developed which is much more convenient for people to use where
they can report problems related to the street lights of their locality which will increase the problem
solving capabilities.It has emerged as the smartest way till now.

Nano Sensors: Nano particles are the smallest particles which can be embedded in the inner part of the
wire to monitor faults such as corrosion or wear out . As nano technology is in its developing stage so in
future it can be useful.

Augmented reality for maintenance: AR helps to combine thermal images, interactive pointer,Al
driven object recognition to get real word view which facilitates accurate and quick fault detection. It
allowed operators to inspect the street light remotely ,detect the fault and get instruction to repair the
damage. Due to this, they can save time, maintenance costs and also enhance efficiency. This
technology converts the maintenance of street lights from reactive to proactive and data driven
processes ,leading to enhanced public safety and urban infrastructure reliability.

Ultrasonic testing: This method is used to detect the internal fault by transmitting high frequency sound
waves .Basically, the ultrasonic device contains mainly three elements which are couplant, transducer
and street light pole. This process initializes by implementing couplant on street light’s surface and the
ultrasonic transducer releases the wave which is transmitted through the applied material. If any internal
defect like loose connection or structural damage is found , the wave is reflected back and technicians
get to know the exact position and nature of fault by analyzing the intensity of echoes and time lag..
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FIG 1: SCHEMATIC DIAGRAM OF THE STREET LIGHT WITH URBAN
INFRASTRUCTURE

RESULT & ANALYSIS:

The project aimed at reducing the power consumption and makes it easier to sense the fault which
minimizes the load on linemen.This project uses different types of sensors to detect the fault.It has been
studied that on implementing the LED smart lighting across many cities,the energy consumption have
been reduced by 40-80 percent.On survey,it is found that Los Angeles and many other cities have saved
their lamp maintenance cost as LEDs protracted life span along with its smart monitoring system. For
instance, the city of San Diego saved 2.4 million dollars per year just by replacing traditional street
lights with smart street lights. It is predicted that we can achieve an accuracy rate of 90 percent in
detecting the fault in street lights with a machine learning model. A research in various U.S. cities
showed that the crime rate has been reduced up to 24 percent which directly highlights the impact of
implementing modern technology integrated with street lights. According to the Bureau of Energy
Efficiency data,smart fault detection could reduce total municipal lighting consumption by from 22-25
percent to 12-15 percent. By the 2020 report of the Ministry of road transport and highways, around
150,000 fatal accidents will be caused due to insufficient contribution of light. But smart street lights
reduced the accident rates and enhanced public safety. According to the National Institute of Urban
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Affairs, approx 90k per kilometer is required annually for maintaining the street lights , which has now
reduced 21 percent by implementing smart detection systems. A report from Indian Institute of
Technology, 65 percent of urban residents feel unsafe at night due to insufficient light and poor
maintenance and monitoring systems. Some surveys in foreign cities like Amsterdam indicate that
around 78 percent of local residents feel satisfied with modern lighting systems. It is also analyzed that
these technologies reduced disruption and enhanced the repair response time by up to 60 percent.

Impact of Smart Street Lighting on Various Factors

Repair Response Time Improvement (%) |

Accident Rate Reduction (%) |

Crime Rate Reduction (%)

Maintenance Cost Reduction (%) |

Energy SaVingS \::/b) - -

—40 -20 0 20 40 60
Percentage Improvement

FIG 2 :IMPACT OF SMART STREET LIGHTING ON VARIOUS FACTOR

Response Time Improvement of Repair (60%):

Smart Street lighting has greatly improved the repair response times and reduced the same by 60%. It
indicates that monitoring and automated alerts are improving quicker identification and rectification of
the problem.

Reduction in Accident Rate (60%)

Smart street lights can also boast a significant rate decrease in accidents, up to 60%. The reason may be
clear visibility, adaptive lighting, or even sensor-based lights that adjust lighting according to the
situation as roads get crowded and different other conditions.

Crime Rate Decrease (24%):

Though a crime rate is reduced by 24%, the record is quite impressive yet lesser comparatively. Better
street lighting makes street crimes impossible with better illumination and security.

Maintenance Cost Recession (21%0)

21% of the cost savings in maintenance can be attributed maybe to the predictive maintenance, higher
efficiency of the LED system, and automated diagnostics cutting the time required for almost all of the
manual surveys and repairs.

Energy Savings (-40%) Indeed, the energy-saving metric produces a negative impact, implying that
energy usage increases by 40%. This might suggest that while all other dimensions of the system
improve, for example safety and maintenance, the increase in energy usage is somehow consistent with
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the growth in functionalities or with other large energy demands of the new technology. ]

CONCLUSIONS:

This research has proved the advantages of including modern technology in streetlights infrastructure.
Technology like IOT and machine learning models when integrated with conventional street lights make
it more advanced and increase the reliability and efficiency of fault detection. Use of different ways for
fault detection enhanced our response to repairs and maintained lower maintenance costs.
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