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Abstract - Fireflies are sensitive to artificial light, 
particularly powerful white headlights and floodlights used 
during light festivals and for firefly tourism. These lights 
interrupt fireflies' natural bioluminescent communication, 
causing mating failure, disorientation, and population 
reduction. This study presents a firefly-friendly road lighting 
system that uses filtered amber or red lights, motion sensors, 
and automatic dimming to illuminate eco-sensitive roads 
during firefly festivals, while avoiding upsetting fireflies. The 
proposed approach ensures automobile safety while 
maintaining biological balance in firefly zones. 
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1.INTRODUCTION 
 
Fireflies are bioluminescent insects that communicate and 
attract mates by light signals. During seasonal firefly festivals 
and eco-tourism events, large numbers of tourists visit 
forested and hilly regions where fireflies can be found. The 
use of vehicle headlights and artificial lighting during such 
events substantially disrupts firefly mating habits. According 
to studies, excessive light pollution causes stress and 
disorientation in fireflies, eventually leading to a decline in 
population. There is a need to provide road illumination that 
promotes tourism while safeguarding fireflies. 
 

1.1 Problem Definition 
 
Conventional headlights and white streetlights produce a 
broad light spectrum that interferes with firefly 
communication. The unexpected influx of tourists during the 
firefly season brings many automobiles into these sensitive 
areas, and turning off headlights completely is dangerous. 
Current awareness initiatives are useful, but they do not 
provide a solid technical solution that balances 
environmental and human needs. 

 
1.2 Literature Review 
 

According to Owens and Lewis' (2022) research and 
International Dark-Sky Association standards, artificial 
illumination, particularly white and blue light, affects firefly 
behavior by interfering with their bioluminescent 

communication. Amber or red spectrum lighting has been 
found to be less harmful to firefly and other nocturnal 
insects. 

 
Some lighting techniques for wildlife areas have been 
proposed, including shielded fixtures and motion sensors. 
However, the most of these are general recommendations 
for nature reserves and parks, not for usage on roadways 
during firefly tourism events. 

 
This article fills that gap by presenting a feasible, smart 
lighting system designed specifically for firefly tourism 
highways, which combines filtered lights, sensors, and solar 
power to balance road safety and environmental 
conservation. 

 

2. Proposed Solution  
 

2.1 Objective 
 
The goal of this research is to develop a smart, firefly-friendly 
road lighting system that: 
 
   a).  Preserves firefly habitat. 
   b). Improve vehicle visibility on the road. 
   c). Reduces light pollution at firefly tourism events. 
 
To reduce environmental impact, the system employs filtered 
lights, sensors, solar energy, and automation. 
 

2.2 Table -1: Key Components of the System 
 

Component Purpose Description 

Amber/Red 
LED Lights 

Reduce impact 
on fireflies 

These lights emit longer 
wavelengths (>590 nm), which 
cause minimal disruption to 
insect visual signals. 

Full-Cutoff 
Fixtures 

Control light 
direction 

Fixtures are designed to direct 
light only downward to avoid 
sideways or upward scatter. 

Motion 
Sensors 
(PIR/IR) 

Reduce 
unnecessary 
lighting 

Sensors detect moving vehicles 
and activate lights only when 
needed. 
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Component Purpose Description 

Dimming 
Circuit 

Lower light 
intensity 

Lights automatically dim after a 
few seconds or when no motion 
is detected. 

Solar Panel + 
Battery 

Power source 
Makes the system sustainable 
and usable in forest zones 
without grid power. 

 

2.3 How the System Works 
 

1. A vehicle enters a firefly-sensitive area (eco-
tourism road). 

2. A motion sensor detects the vehicle. 

3. The LED light goes on automatically and 
provides amber lighting to help the driver see 
the road.  

4. The fixture covers the light, directing it only 
downward. 

5. After 15-20 seconds, or as the car passes, the 
system dims or turns off. 

6. A solar panel powers the lights, making them 
environmentally friendly and self-sufficient. 

This method guarantees that fireflies are not disturbed by 
intense white headlights, and cars are not required to use 
full beam lights in certain areas. 

         Block Diagram of the System 

 

 

2.4 Scientific Reasoning about Choices 

 Wavelength Selection: Fireflies are sensitive to light 
in the blue-green spectrum (450-550 nanometers). 
Amber (>590 nm) and red light (>620 nm) are 
outside of this range, causing minimal interruption 
to their visual and communication systems. 

 Directional lighting: According to ecological lighting 
principles, full-cutoff lights limit light trespass and 
skyglow by providing illumination only where it is 
required. 

 Intermittent lighting: Constant light produces 
chronic stress in insects. Intermittent, sensor-
activated lighting allows the space to return to 
darkness in between vehicles. 

 

2.5 Table -1: Comparison with Conventional Lighting 
 

Feature Traditional 

Streetlights 

Proposed Firefly-

Friendly System 

Light Type White/blue LED Amber/Red LED 

On/Off Control Always On Motion Activated 

Power Source Electric Grid Solar Panel 

Direction Omni-directional Shielded Downward 

Effect on Fireflies High Disruption Minimal Disruption 

 

2.6 Estimated Impact of the Proposed System 
 
The proposed lighting system is intended to reduce firefly 
disturbance by replacing harming white lights with amber 
LEDs and use motion sensors to limit unwanted illumination. 
It increases car safety while conserving firefly' natural 
behavior. The system promotes energy efficiency and 
environmental sustainability by using solar power and 
directional fixtures, particularly in eco-tourism areas. 
 

2.7 Key Benefits 
 

 Preserves firefly populations. Prevents mating 
disruption and stress by avoiding damaging light 
spectrum. 

 Supports eco-tourism by allowing people to 
experience firefly zones without damaging them. 

 Improves road safety by using amber lights instead 
of high-beam headlights to increase visibility. 

 Energy-efficient and sustainable, using solar panels 
and motion sensors, reducing energy waste. 

 Scalable and little maintenance. 
Can be installed on forest trails, hill stations, or eco-
tourism roads. 
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3. CONCLUSIONS 
 
Artificial lighting has a considerable effect on the ecological 
behavior of nocturnal insects such as fireflies. In firefly 
tourism areas, the usage of high-beam lighting and 
continuous white streetlights not only degrades the visual 
experience but also adds to the loss of firefly populations. 
This study presents a firefly-safe smart lighting system that 
incorporates amber LED lights, sensor automation, 
directional shielding, and solar power to protect the 
environment while also ensuring road safety. 
 
This method provides a practical and unique alternative for 
local governments, forest agencies, and ecotourism planners. 
Future work may include prototype development, pilot 
installation in a firefly zone, and data collection to assess the 
system's performance in real-world contexts. 
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