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Dimming Technologies in Lighting

for Smart & Intelligent Luminaires

Biju John

Lighting control has evolved significantly over
the years, and dimming technologies have
become an integral part of modern lighting
solutions. Whether it's for energy efficiency,
human-centric lighting, or aesthetic
preferences, dimmable LED drivers and
control protocols play a crucial role in
providing the desired illumination levels.

This article explores various dimming
technologies used in LED drivers, including
industry-standard protocols and
communication methods for dimming
luminairesin smartlighting systems.

Types of Dimmable LED Drivers

LED drivers control the power supply to LEDs,
and dimmable drivers allow adjustable
brightness while maintaining efficiency and
performance. Below are the most commonly
used dimming technologies in LED drivers:

1.TRIACDimmableDrivers

« Technology: Phase-cut dimming (leading-
edge or trailing-edge)

« Common Use: Residential and retrofit
applications

« Compatibility: Works with traditional wall
dimmers

« Limitation: Limited dimming range, may
cause flickering if not matched properly

TRIAC Dimming 1: Control TRIAC-enabled lamps through a TRIAC dimmer

AC100-240V  AC100-240V
Output Input

TRIAC (Triode for Alternating Current)
dimming is one of the oldest dimming
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technologies. It is commonly found in AC phase-
cut dimming systems, making it ideal for use
with existing wall dimmers in homes. However,
it has limitations in terms of compatibility with
modern LED drivers, which may lead to
flickering or buzzing if not designed properly.

2.Analogue 0-10VDimmable Drivers

« Technology: Uses a0to 10V DCsignal to adjust
brightness

- Common Use: Commercial, industrial
lighting

« Compatibility: Requires a separate control
circuit

« Limitation: No two-way communication;
limited control

The 0-10V dimming system operates by sending
a low-voltage signal (0V for off, 10V for full
brightness). It is simple and reliable but lacks
advanced features such as two-way
communication and scene-setting capabilities.

3. PWM (Pulse Width Modulation) Dimmable
Drivers
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« Technology: Adjusts LED brightness by
switching the current ON/OFF rapidly

« Common Use: Architectural, high-end
lighting applications

« Compatibility: Works with digital control
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systems

« Limitation: Requires specialized drivers; may
introduce EMI (Electromagnetic Interference)

PWM Dimming

100% brightness

middle brightness

-—‘ _‘ —‘ low brightness

PWM dimming is one of the most precise
methods for dimming LEDs. It controls
brightness by varying the duty cycle of the
current, ensuring consistent color temperature

DALI 1.0 vs DALI 2.0: Key Differences

Feature DALI 1.0
Compatibility Limited
Sensors & Input Devices

Certification

Not standardized

No unified standard

and brightness levels. However, improper PWM
dimming may cause visible flicker and
electromagnetic interference (EMI) in sensitive
environments.

4. DALI (Digital Addressable Lighting
Interface) Dimmable Drivers

+ Technology: Digital two-way communication

+ Common Use: Commercial, office, smart
lighting

« Compatibility: Requires a DALI controller

« Limitation: More expensive than analogue
dimming

DALI (Digital Addressable Lighting Interface) is
aninternational standard (IEC 62386) that allows
advanced individual control of each luminaire in
a lighting system. It supports scene-setting,
automation, and energy-saving features.

DALI 2.0
Backward-compatible, improved interoperability
Supports sensors, switches, controllers

Official DiiA certification

DALI 2.0 enhances interoperability, ensuring different manufacturers' products work together seamlessly.
Italso supportsintegrated sensors for intelligent lighting solutions.

DALI DT6 vs DT8: Understanding the Difference

DALI Type Function
DALI DT6

DALIDTS8 Controls color temperature

and tunable white

Controls single-channel dimming

Application
Standard LED drivers
Human-centric lighting, RGBW applications

DALI DT8 enables Tunable White and RGB control within a single address, reducing complexity in smart

lighting applications.
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D4i-SmartDALI for IoT Lighting D4i is crucial for smart lighting in cities and
buildings, where data analytics and remote

D4iis an extension of DALI specifically designed control are essential.

for IoT (Internet of Things) applications. It

allows: DALI+-Wireless DALI for Future Applications

DALI+ is an upcoming standard that enables
wireless DALI communication, making it ideal
for retrofit projects where rewiring is difficult. It
works over Thread or Bluetooth Mesh networks,
bridging the gap between wired and wireless
lighting control.

D4i Features
[
specifications

DALI PART 150-
AUX Power Supply

DALI PART 250~
integrated Bus Power Supply

Data Specifications
for LED drivers and
Control Gears

Specifications for
Control Devices

DALI PART 251-Luminaire Data
DALI PART 351~
Luminaire-mounted

control devices DALI PART 252-Energy Data

DALI PART 253- Diagnostic Data

+ Built-in power monitoring
« Wireless connectivity options

« Interoperability with smart city
infrastructure
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Protocolsfor Wireless Dimming of Luminaires

Apart from wired dimming methods, several wireless protocols are widely used to control luminaires in
smartbuildings and homes.

Protocol Frequency Key Features
BLE (Bluetooth Low Energy) 2.4 Ghz Low power, mobile app control
RF (Radio Frequency) Varies Short-range communication

Wi-Fi 2.4 GHz/5 Ghz High-speed, cloud integration
Z-Wave 908 MHz/868 Mhz = Mesh networking, energy-efficient
Zigbee 2.4 Ghz Scalable, ideal for large networks
LoRaWAN (Long Range Wide Area Network) Sub-GHz Suitable for IoT-based smart lighting
NB-IoT (Narrowband IoT) Cellular network  Best for city-wide smart lighting
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Dimming technologies have transformed
lighting control from simple manual
adjustments to advanced smart automation.
Choosing the right dimmable LED driver and
wireless dimming protocol depends on the
application—whether it’s a home, office, retail
store, or smart city infrastructure.
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The future of lighting control will continue to
evolve with Al-driven adaptive lighting, IoT-
based smart lighting, and wireless connectivity.
For businesses and lighting professionals,
staying ahead of these trends is essential for
delivering high-performance lighting solutions.

The world is shifting towards intelligent
lighting—areyou ready to make the move?
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