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Bright Ideas. Bigger Impact.
Setting the Standards for Video LEDs

Cree LED has long set the benchmark in video LED technology, transforming
large-format displays, digital signage and video screens for events and
commercial use. Now, we're raising the bar again with Resilient-Rated LEDs —
engineered for unmatched durability and performance in the harshest
environments, surpassing standard outdoor-rated products.

Our extensive portfolio and robust IP deliver exceptional color performance
and reliability. With a fabless manufacturing model, we ensure production
flexibility and a stable supply chain to meet evolving demands.

Fueled by a legacy of innovation, Cree LED empowers customers to shine
brighter and stay ahead of the competition.

Get details: cree-led.com/news/hb-innovation

Always Innovating. Always Leadgg.

FusionBeam™
Technology

Ultra Contrast
LEDs

Waterproof
LEDs

Tilted Angle
LEDs

Follow us at:

inKfNON » L3

©2025, Cree LED. All rights reserved.
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LEARN MORE

lightfair

ed by light+building

vava_s 205 Discover, Connect,

Las Vegas, Nevada and I_earn at
LightFair 2025

Join thousands of lighting professionals
at LightFair 2025 to discover the latest
technologies and trends. With over

100 CEU-eligible sessions, it’s a great
opportunity to sharpen your skills and
connect with industry leaders shaping
the future of lighting.
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https://lightfair.link/d5da8f

EDITORIAL

nsights and
Breakthroughs from
_eaders in Lighting
Technology

First and foremost, I’d like to wish all our readers a happy, healthy,
successful, and peaceful start to 2025. We hope your year has begun on
a positive notel!

The mission of LED professional Review (LpR) is to serve as a
comprehensive, design- and technology-oriented information source. Our
aim is to bring you the latest trends, innovations, and in-depth insights. By
featuring contributions from top experts in the lighting industry, we provide
perspectives that go beyond standard information, helping you stay at the
forefront of lighting knowledge.

In this issue, we are excited to share insights from Elena Scaroni, Arnulf
Rupp, and Alfonso D’Andretta, leaders at the cutting edge of lighting
innovation. In addition, we went to Munich to visit electronica, the world’s
largest electronics fair, where we took a closer look at two of the leading
exhibitors in the lighting sector: Wirth and ams OSRAM.

The second part of Bartenbach'’s research study on optimizing lighting
energy efficiency offers actionable solutions and data-driven findings from
their comprehensive investigations. We also delve into advancements in
outdoor luminaires and explore cutting-edge developments in automotive
lighting module controls. Furthermore, we present two “Expert Talks on
Light” from Lumileds, covering large-cluster multi-color LED solutions and
car body lighting.

We are confident that you will find topics that spark your interest in this
issue. As always, we welcome your feedback, ideas, and input.

Wishing you a wonderful New Year and an engaging read with the
January/February 2025 issue of LpR.

Yours Sincerely,

e /// -
///

Siegfried Luger

Founder & CEO of Luger Research e.U.
Publisher of LED professional, Trends in Lighting, LpS Digital, and the Global Lighting Directory

© 2025 Luger Research e.U. | LED professional Review (LpR) | Lighting Technologies & Design | Issue 107/Jan-Felb/2025



WURTH ELEKTRONIK MORE THAN YOU EXPECT

PERFORMANCE.
RELIABILITY.
SERVICE.
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WE are here for you!

Join our free webinars on:
www.we-online.com/webinars

Optocouplers by Wiirth Elektronik Highlights

With the new optocouplers, Wirth Elektronik presents one of the latest = Innovative coplanar design

additions to its optoelectronic product portfolio. The innovative design = High grade silicon encapsulation

features a coplanar structure and high-grade silicon for total internal Copper leadframe for high reliability
reflection. The coplanar design ensures the isolation gap stay fixed during Stable CTR over whole temperature range

the production process and provide perfect isolation and protection for your High CTRin low current operation
application. The total internal reflection provide stable CTR over the whole
temperature range and high CTR even at low current operation.

Provided in all industry standard packages. Available with all binnings ex stock.
Samples free of charge: www.we-online.com/optocoupler

#0OptocouplersbyWE
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Elena SCARONI

Elena Scaroni is LightingEurope’s
Secretary General, appointed in
June 2023.

Prior to this role, she served as
policy director since joining
LightingEurope in September
2016. Scaroni has been at the
forefront of advocating the
interests of the European lighting
industry in the recent ecodesign
and energy labelling regulations for
light sources.

Prior to joining LightingEurope,
she spent eight years in European
affairs at Enel, a multinational
energy company. Her
responsibilities included managing
relations with the European
Parliament on all relevant issues
such as climate, energy and
corporate social responsibility.

She studied in Rome and Paris
and holds a master’s degree in
law, specialising in European
Affairs.

8 © 2025 Luger Research e.U. | LED professional Review (LpR) | Lighting Technologies & Design | Issue 107/Jan-Felb/2

Why Join LightingEurope in 20257

Why should your company invest time
and resources in joining us in 20257
Because it can lead to good
opportunities for growth for your
business, and it helps you prepare for
future regulatory trends in a timely
fashion. We have an ambitious agenda
for 2025.

See what’s on offer for your business.

New financial opportunities from EU
taxonomy thanks to LightingEurope
Did you know that the EU Taxonomy is
an EU regulatory and classification
system that defines environmentally
sustainable economic activities? It aims
to redirect capital flows towards
sustainable investments by providing
criteria for what constitutes a "green”
activity. Luminaires are currently
excluded. We ask for the inclusion of
sustainable luminaires in 2025.
LLuminaire manufacturers in Europe may
see their sustainability efforts rewarded
by additional investment opportunities.

Fewer headaches on declaring the
environmental footprint of lighting
products

Providing comparable and verified
sustainability information through
Environmental Product Declarations
(EPD) is a vital need for any industry.
This is why our organization, in
collaboration with the Global Lighting
Association and the Green Light
Alliance, is focusing its efforts on
harmonizing product-specific rules on
the environmental footprint of luminaires,
LED modules and control gear. We are
working to ensure that the rules
developed by our experts are enshrined
in EPD standards at IEC level and to
provide training and guidance to
members.

Fair rules in public procurement and
incentives for lighting in the EU
Clean Industrial Act

LightingEurope will also contribute to the
EU Clean Industrial Act, ensuring that
the sector’s interests are represented.
The aim of this EU initiative is to help the
industry to decarbonize by proposing
incentives, simplified procedures for

public procurement and simplified
reporting obligations. We contribute to
the debate with the support of the
Coualition for Energy Savings, an alliance
of industries and civil society
organizations, advocating for effective
EU legislation on energy efficiency.

Ecodesign and Energy Labelling
regulations review: in the driving
seat towards better rules

Both the Single Lighting Regulation and
the Energy Labelling Regulation, pillars
of the regulatory framework for lighting,
will be reviewed by the EU Institutions,
with new rules expected to come into
force between mid-2027 and 2030. We
will play a key role in defining these rules,
as we are the most active and relevant
stakeholder in the debate on these files.

Towards a simplified and
harmonized regulatory framework at
EU (and global) level for outdoor and
indoor lighting on artificial light at
night

We are promoting harmonized rules at
European and global level, addressing
growing concerns about light pollution
and its effects, proposing clear solutions
to policy makers and working with key
civil society actors such as DarkSky.

Stay ahead and prepare for the
future: Network with industry
leaders and policy makers

Bringing together industry leaders and
policymakers, the Third European
Lighting Summit in Brussels on 27
March will give you valuable insight into
key issues such as eco-design, the
Clean Industrial Deal, cybersecurity,
substances and light at night.

To keep the industry engaged and
informed, every year LightingEurope
organizes more than 20 webinars and
trainings on key regulatory topics for
members only.

LightingEurope’s 2025 agenda and
partnership demonstrate its
commitment to driving sustainability and
growth in an increasingly competitive
global landscape. It's time to join us. M
E.S.
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LightFair 2025: A New Era of
Innovation, Education, and
Networking for Lighting
Professionals

www.lightfair.com

LightFair, the premier lighting trade show and
conference, is set to revolutionize the industry
once again in 2025. Taking place at the Las
Vegas Convention Center, May 4 - 8, this
must-attend event will showcase a dynamic
blend of cutting-edge education,
groundbreaking product showcases, and
exceptional networking opportunities.

o
W messe frankfurt

Bold Leadership for a Brighter Future
LightFair, North America’s largest architectural
and commercial lighting event, joined the
Messe Frankfurt family with the expansion into
the Light + Building brand. Moving forward,
Messe Frankfurt will organize the five-day
trade show and accompanying conference in
partnership with the International Association
of Lighting Designers (IALD) and the
llluminating Engineering Society (IES).
Constantin von Vieregge, President and CEO
of Messe Frankfurt Inc., emphasized the
strategic importance of this collaboration:
“This partnership combines Messe Frankfurt’s
proven expertise in organizing global trade
events with the IES and IALD’s deep
connections to the lighting industry. Together,
we aim to create an unparalleled platform for
innovation, education, and industry
advancement.”

Endless Opportunities: Diverse Products
and Services

LightFair 2025 promises to be the most
impactful event yet, drawing industry leaders,
from around the globe. The expansive trade
show floor will feature hundreds of exhibitors,
ranging from global brands to innovative
startups. Visitors will have the chance to
explore the latest in residential, commercial,
and industrial lighting solutions, gaining
access to the tools and technologies driving
the industry forward.

Education That Shines: Earn CEUs
LightFair 2025’s educational programming is
second to none, offering attendees the
chance to earn Continuing Education Units
(CEUs) through a robust lineup of sessions -
enhancing their expertise while fulfilling
professional development requirements. The

10 © 2025 Luger

comprehensive curriculum will cover topics
ranging from emerging technologies and
sustainable practices to design trends and
business strategies. With world-renowned
speakers and hands-on workshops,
attendees will gain actionable insights to
elevate their careers and businesses.

Celebrating the Future: Lighting
Innovation Awards

Returning this edition, the Lighting Innovation
Awards — a prestigious celebration of
groundbreaking advancements and
outstanding achievements within the lighting
industry. Designed to honor companies who
demonstrate exceptional creativity, ingenuity,
and impact in lighting design and technology.
From state-of-the-art smart solutions to
transformative sustainable practices, the
awards shine a spotlight on the innovations
creating a brighter future for the industry.

Unveiling the Trend Area: Where Vision
Meets Reality

Debuting this year is the Trend Area, a
forward-looking space that offers a glimpse
into the products and designs defining the
path forward in lighting. This curated
showcase will feature emerging innovations
that blend functionality with artistry, pushing
the boundaries of what’s possible in the field.

Immersive Lighting Installations:
Experience the Extraordinary

Be inspired by a series of immersive lighting
installations that explore the interplay of light,
space, and emotion. These installations will
highlight the transformative potential of lighting
in creating environments that are both
functional and awe-inspiring. Attendees can
step into a world of creativity and technology.
These experiential displays will demonstrate
fresh perspectives and inspiration for projects
of all scales.

Unforgettable Networking Opportunities
Networking takes center stage at LightFair
2025. Highlights include the opening night
reception, a celebration of the industry’s
achievements, and a variety of structured and
informal networking events. Attendees will
connect with peers, potential collaborators,
and industry leaders in an atmosphere
designed to foster meaningful relationships.

Join LightFair 2025 offering attendees the
opportunity to explore trend-setting
innovations, earn CEU credits through an
informative education program, and
experience hands-on product
demonstrations. Featuring over 500 exhibiting
companies, the event connects lighting
designers, architects, engineers and specifiers
with cutting-edge solutions and technologies
across all product categories, including
lighting controls, sustainable design, and
human-centric lighting.

Company Description:

Research e.U. | LED professional Review (LpR) | Lighting Technologies & Design | Issue 107/Jan-Feb/2025

LightFair is the premier annual architectural
and commercial lighting trade show and
conference, connecting lighting designers,
specifiers, architects, and engineers. Explore
innovative products, cutting-edge education,
and unparalleled networking opportunities.
Join us May 4-8, 2025, in Las Vegas to
discover the future of lighting. Learn more at
https://lightfair.link Il

LightingEurope Publishes
Guidance on the Use of
Standards in Products

lightingeurope.org

The document gives precious guidance and
information to manufacturers on the use of
standards (EN, harmonized EN, OJEU listed
harmonized EN and non-EN standards) in
Europe and in the United Kingdom when
preparing the Declaration of Conformity. This
document outlines all the different options
available to manufacturers, leaving it up to
them to choose which option to follow.

Why is a Guidance paper needed?

The harmonization process has become
increasingly complex and has slowed down.
Many standards are being published without
listing in the OJEU (and also in UK designated
standards lists). However, these not listed
standards do not provide the formal legal
presumption of conformity attributed to
harmonized standards. Currently there is also
significant misalignment between the ‘overlap
dates’ detailed in the standards (DOP; DOW)
and the corresponding listing/delisting dates
used for the OJEU and UK designated listings.
This causes confusion in the market for both
manufacturers and customers who now have
uncertainty as to which versions of standards
they should follow, which should be used for
third party certifications (e.g. ENEC, national
approval marks), and which should be shown
in the EU and UKCA declarations of the
manufactures or importers.

Main focus of the paper

The paper mainly focuses on Directives using
Module A (Internal production control) where
the manufacturer can declare the compliance
with the essential requirements by using
harmonized standards or other publications
following their own risk assessment (i.e., EMC,
LVD, RED). ®


http://www.lightfair.com/
https://lightfair.link/10590b
https://lightingeurope.org/images/LE_-_Guidance_Paper_on_The_Use_Product_Standards_in_Europe_-_20241118_-_FINAL.pdf
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LightingEurope Promotes
Smart Lighting via a New
Video

lightingeurope.org

LightingEurope is excited to unveil a new
video that highlights the benefits of smart
lighting. This video explains how smart lighting
enhances building performance and
introduces key metrics for evaluating smart
technologies.

W |

Lighting Systems for Smart Buildings

The video showcases how smart lighting
systems intelligently respond to occupant
needs and environmental changes, optimizing
energy efficiency and improving comfort. By
adjusting light levels based on daylight and
occupancy, these systems significantly reduce
energy consumption while creating tailored
lighting scenes that boost productivity and
well-being.

Additionally, the video emphasizes the
importance of assessing building smartness
through rating schemes, including the
forthcoming Smart Readiness Indicator (SRI),
which will reward buildings with advanced
lighting controls.

LightingEurope Secretary General Elena
Scaroni stated, “Smart lighting promotes
well-being and productivity in our
environments. Our video demonstrates how
adaptive lighting transforms spaces into
comfortable and sustainable settings, making
it accessible for everyone.” B

Alfonso D’Andretta Elected to
LightingEurope Executive
Board

Wwww.gew iss.com

LightingEurope, the voice of the lighting
industry in Europe, is pleased to announce the
election of Alfonso D’Andretta to its Executive
Board.

With over 16 years of business management
experience in multinational companies,
D’Andretta has been a driving force in the
electrical, electronic, and mechatronic
industries. His wide-ranging background

ssue 107/Jan-Feb/2025 | © 2025 Luger Research e

U|_ Solutions

Safety. Science. Transformation.™

Connect with our engineers for all your
testing and certification needs.

Learn more at UL.com/lighting.

spans access control, building management,
energy, loT, safety, and security sectors.

D’Andretta’s career highlights include several
years at Philips Lighting (now Signify) in
various roles and in the Middle East, where he
directed the setup of MELA (Middle East
Lighting Association) and Group Chief Sales
Officer at Iseo Ultimate Access Technologies
from 2020 to 2024.

He is currently Managing Director of the
Business Unit Lighting at Gewiss, where he
also serves as a member of the Group
Executive Committee and the Board of
Performance iN Lighting.

LightingEurope Secretary General Elena
Scaroni stated, “l am very glad that Alfonso,
with his company Gewiss, which only recently
joined LightingEurope, is already ready to be
part of the governing body of our association.
| am sure that his experience, commitment

and enthusiasm will contribute to the forward
thinking of our Board and to the strategic
direction of LightingEurope and the lighting
industry. We look forward to working with
him.”

About LightingEurope

LightingEurope is the voice of the lighting
industry, based in Brussels and representing
32 companies and national associations.
Together these members account for over
1,000 European companies, a majority of
which are small or medium-sized. They
represent a total European workforce of over
80,000 people and an annual turnover
exceeding 15 billion euro. LightingEurope is
committed to promoting efficient lighting that
benefits human comfort, safety and
well-being, and the environment.

LightingEurope advocates a positive business
and regulatory environment to foster fair
competition and growth for the European
lighting industry. More information is available
at www.lightingeurope.org.

About Gewiss

Development as a constant in management is
the philosophy that has guided GEWISS’s
choices from its foundation to today.
Established more than fifty years ago,
GEWISS has made development and the
research for quality the principles that have

onal Review (LpR) | Lighting Technologies & Design 11
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guided every action and every choice. Guided
by the values of integrity, excellence and
sustainability, GEWISS offers innovative and
scalable solutions for buildings, industries and
infrastructures, capable of connecting people
and things and improving safety and quality of
life. The constant investments aimed at
research and development, the training of all
personnel and the strengthening of production
facilities have allowed GEWISS to establish
itself as a reference point for the market in the
production of solutions and services for home
& building automation, for the protection and
energy distribution, for e-mobility and smart
lighting.

The year 2023 marked a significant milestone
in the Group’s growth journey with the
acquisition of PERFORMANCE iN LIGHTING,
an historic leader in the lighting industry. The
inclusion of the PERFORMANCE IN LIGHTING
brand "powered by GEWISS” has allowed the
entire Group to expand the range of services
available to the market through platform
synergies and organizations, offering even
more integrated solutions and technologies.
All the proposals are designed and produced
to meet every lighting need, representing the
perfect synthesis of aesthetic design and
technical performance. The constant drive
towards innovation, a hallmark of the entire
Group’s history, further positions lighting
solutions as a solid global reference in the
world of design and architecture. B

Cree LED and Daktronics
Enter Licensing Agreement
for LED Display Technology

www.cree-led.com

Cree LED, a Penguin Solutions brand
(Nasdaq: PENG), and Daktronics (Nasdag:
DAKT), announced a multi-year, global patent
license agreement effective December 2024.
With limited exceptions, this agreement
provides a license to Daktronics for Cree
LED’s patented technology for the duration of
the agreement.

With over 35 years of expertise in LED die and
packaging technology, along with a robust
portfolio of intellectual property covering their
use in LED displays, Cree LED has
consistently invested in innovation, securing
numerous patents to protect its
advancements. As a trusted industry leader,

Cree LED remains committed to delivering
best-in-class, durable solutions that exceed
the rigorous demands of next-generation
LED-based displays.

Daktronics, as a leader in the large-scale LED
display market, is committed to ensuring that
their customers have access to state-of-the
art LED display systems. This agreement
enables Daktronics to confidently provide
industry leading LED display systems to the
market, knowing that its products will not be
subject to claims based on the licensed Cree
LED patents.

Specific licensing terms remain confidential.
This license agreement ensures there are no
patent disputes between the parties based on
the licensed Cree LED patents for the term of
the agreement. Cree LED is a registered
trademark of CreeLED, Inc. All other
trademarks and registered trademarks are the
properties of their respective owners.

About Cree LED

Cree LED, a Penguin Solutions brand, offers
one of the industry’s broadest portfolios of
application-optimized LED chips and
components, leading the industry in
performance and reliability. With more than 35
years of innovation, our strong IP portfolio and
unique business model ensures supply chain
continuity. We deliver best-in-class technology
and breakthrough solutions for focused
applications in high power and mid-power
general lighting, horticulture, specialty lighting
and video screens. For more information, visit
www.cree-led.com.

About Daktronics

Daktronics has strong leadership positions in,
and is the world’s largest supplier of,
large-screen video displays, electronic
scoreboards, LED text and graphics displays,
and related control systems. The company
excels in the control of display systems,
including those that require integration of
multiple complex displays showing real-time
information, graphics, animation, and video.
Daktronics designs, manufactures, markets
and services display systems for customers
around the world in four domestic business
units: Live Events, Commercial, High School
Park and Recreation, and Transportation, and
one International business unit. For more
information, visit the company’s website at:
www.daktronics.com. B

Agreement Signed for the
Acquisition of the Beghelli
Group

WWW.gewiss.com

As previously communicated to the market
through a dedicated press release pursuant to
Article 17 of Regulation (EU) 596/2014,

available on the Beghelli website and the
"Info” regulated information dissemination
system managed by Computershare S.p.A. ,
Gewiss and Beghelli informed that on
December 10, 2024, Gewiss S.p.A. entered
into a preliminary sale and purchase
agreement with the majority shareholders of
Beghelli for the acquisition of a majority stake
in Beghelli S.p.A.’s share capital.

The completion of the acquisition, which is
subject to the occurrence of certain conditions
specified in the press release, is expected to
take place by the first quarter of 2025.
Subsequently, Gewiss S.p.A. will be required
to launch a mandatory public tender offer for
the remaining outstanding shares of Beghelli,
with the aim of delisting the company.

The project aims to:

Ensure continuity for Beghelli's employees,
collaborators, and customers by integrating
into a group with solid ltalian roots, shared
values of integrity, excellence, and
sustainability, and a managerial governance
model already focused on transparency and
innovation;

Strengthen market presence: the integration
of the highly recognized Beghelli brand in Italy
with Gewiss’ global expertise will allow the
consolidation of market share in the lighting
sector;

Expand the range of innovative solutions:
combining Beghelli’s technological expertise in
emergency lighting with Gewiss’ know-how in
energy management and smart lighting will
enable the development of integrated
products and services to better meet the
evolving needs of the market and our
customers, who can rely on an even stronger
team. @

NULTY Acquires KLAASEN
Lighting Design
www.nultylighting.co.uk

Nulty has announced the expansion of its
reach across Europe and Asia, with a
particular focus on Singapore, through the
acquisition of KLAASEN Lighting Design—a
brand with a 40-year legacy in the
architectural lighting design industry.

12 © 2025 Luger Research e.U. | LED professional Review (LpR) | Lighting Technologies & Design | Issue 107/Jan-Felb/2025
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A New Star is Born %
XLamp® XN-P LEDs!

¥4 A New Star is Born! XLamp® XN-P LEDs are an
easy drop-in upgrade for superior performance

XLamp® XN-P Color LEDs revolutionize multi-color lighting with a
flexible, high-power platform. XN-P Color LEDs enable easy

design-in to existing 5.75 x 4.68 mm designs with the same footprint,
LES and optical profile while optimizing lumen output, color temperature
and rendering. Ideal for entertainment moving head, architectural

spot and machine vision applications demanding maximum intensity.

www.cree-led.com

This acquisition strengthens the long-standing
relationship between Nulty and KLAASEN, a
globally respected firm known for its innovative
approach to lighting design and commitment
to collaborative client relationships.

Martin Klaasen, Founder of KLAASEN, will
assume the role of Managing Partner at Nulty,
bringing over 30 years of experience and
significant influence within the industry. He will
work alongside Paul Nulty and Mark Vowles to
oversee projects across the Asia-Pacific
region, ensuring continued delivery of creative
excellence and exceptional client service.

In Europe, Jordan Faust will become
Managing Partner of the newly established
Lisbon studio, integrating KLAASEN’s team
into Nulty’s European division. With expertise
in lighting design and landscape architecture,
Faust will collaborate closely with Ellie
Coombs, Managing Partner of Nulty’s London
studio, to expand the firm’s presence and
drive new projects across Europe.

This acquisition marks an exciting step in
Nulty’s journey to broaden its global reach and
enhance its creative capabilities.

“Today marks an exciting new chapter as we
welcome KLAASEN into our Nulty family. As
we look to consolidate our position as a
market leading brand and build alliances in
key markets, Martin and his team will fuel our
growth plan and provide an injection of new
talent and specialist expertise. We're
delighted to have them on board to take Nulty
to greater heights,” said Paul Nulty. B

Violumas Boosts 275nm and
265nm Output in Next
Generation UVC LEDs

violumas.com

ssue 107/Jan-Feb/2025 | © 2025 Luger Researt

Violumas, provider of high-power UV LED
solutions and inventor of 3-PAD LED
technology, has launched new 275nm and
265nm LEDs in mid-power, high-power, and
high-density packages.

VC3X3C48

violumas

Violumas, provider of high-power UV LED
solutions and inventor of 3-PAD LED
technology, is proud to launch the release of
new 275nm and 265nm LEDs in mid-power,
high-power, and high-density packages.

The radiant flux of the new 275nm and 265nm
LEDs increased by 35-50% from the previous
generation, to achieve 130mW (275nm) and
110mW (265nm) in compact, single-LED
packages of 5.2mm x 5.2mm. The improved
radiant flux of the UVC LEDs is achieved by
the incorporation of a transparent p-Contact
layer and high reflectivity metallization in the
epi-wafer.

The new 275nm and 265nm LEDs are also
available in 4-LED, 9-LED, and 16-LED
chip-on-board (COB) configurations and
provide unrivaled levels of power for any UVC
application. Violumas’ high-density VC4X4
Series feature the most powerful
single-emitter UVC LEDs on the market. With
the development of higher power 265nm and
275nm LEDs, the VC4X4C48L9-275-V1
boasts an impressive 1650mW radiant flux
while the VC4X4C48L9-265-V1 features
1400mW radiant flux.

Each LED is encapsulated with a single,
high-transmission fused silica lens that allows
for long-term, stable performance over time.
A selection of 30°, 60°, 90°, 120°, and 135°
optics is available to accommodate a wide
variety of UVC applications.

Due to the integrated thermal structure
(8-PAD) in the Flip Chip LED and the Metal
Core PCB, Violumas LEDs achieve rapid
thermal dissipation rates and lower thermal
resistance values. As UVC LEDs generate
immense amounts of heat and require

substantial cooling solutions, this technology
is critical for more reliable, compact, and
long-lasting UVC LED systems. It also allows
Violumas UVC LEDs to withstand a nominal
driving current of 700mA per LED chip, at
which the LED maintains >70% of its original
intensity after 10,000 hours of continuous
operation.

With the continual development of high
performance UVC LEDs, Violumas aims to
accelerate industry adoption by providing a
wide variety of products which can be suitable
for any application from spectroscopy to
disinfection.

About Violumas

Based in the heart of Silicon Valley, Violumas
provides full-service UV LED products and
solutions from UVA to UVC (405nm to
265nm). Our patented chip technologies allow
us to engage in unparalleled applications of
ultraviolet technology with more powerful and
reliable UV LEDs. With capabilities in optical,
mechanical, and thermal design, Violumas is a
full-service, one stop-shop solutions provider
for the UV LED market. B

Breakthrough GV28D LEDs
with Patented FusionBeam™
Technology

www.cree-led.com

First LED in the Industry to Combine the Best
of Through-Hole and SMD Technologies to
Deliver Unmatched Clarity and Contrast.

(CREE £ JA=3)
Breakthrough LEDs
for impactful signage

CVv28D LEDs
with patented
FusionBeam™
Technology

Learn More

Cree LED, a Penguin Solutions brand
(Nasdag: PENG), today announced the
launch of its new CV28D LEDs with
FusionBeam™ Technology, a groundbreaking
advancement for the LED signage market.
The CV28D LED combines the best of
through-hole and surface-mount (SMD) RGB
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LED technology, delivering superior
directionality, image quality and resolution in a
robust, easy-to-assemble package. This
innovation marks a major leap forward for
information displays, providing unmatched
clarity and contrast. With this high resolution,
CV28D-enabled signs can now display icons,
photos, logos and even video, bringing
unprecedented versatility to signs that can
currently only display text or simple shapes.

FusionBeam Technology: Full-Color Brilliance,
Enhanced Directionality

At the heart of the CV28D’s performance,
FusionBeam Technology simultaneously
blends individual RGB LED dies into a single,
uniform color and then sends it only to the
intended audience. Color non-uniformity is up
to 18 times better than existing RGB SMD
signage LEDs, which previously could only
achieve consistent color uniformity in one
direction—either side-to-side or up-to-down.
Using FusionBeam Technology, CV28D
delivers vivid, accurate colors in all directions,
elevating image quality even at close
distances.

The CV28D LEDs also feature advanced
directionality, focusing light precisely where it’s
needed — on the intended viewer — while
reducing light trespass and pollution to four
times lower than standard RGB SMD LEDs.
With this new technology, CV28D LEDs
ensure clearer, brighter displays without
misdirecting light to the sky, ground or
neighboring buildings, making it ideal for areas
with strict light pollution regulations.

Unrivaled Image Quality and Resolution: A
New Era for Information Signs

Compared to traditional through-hole LEDs,
which struggle with low resolution and poor
color blending, the CV28D enables displays
with 2.5 times the resolution, equivalent to the
leap from standard definition 480p to full HD
1080p video. The dark black package of the
CV28D enhances contrast, delivering crisper
text and sharper images than ever before, and
the slim design, at just 4.3 mm in height,
allows for the creation of thinner, lighter signs.

CV28D LEDs also retain all the advantages of
SMD signage LEDs, including ease of
assembly, one LED package per pixel and
IP68-rated dustproof and waterproof reliability.
This makes them ideal for a wide range of
applications, including roadways, retail
environments, sports scoreboards, poolside
installations, lobbies and interior facades.
Whether exposed to the elements or installed
in high-traffic public areas, CV28D LEDs
deliver long-lasting performance with Cree
LED’s renowned reliability and quality.

CV28D LEDs with FusionBeam Technology
enable a new era of high-resolution
information displays. This new generation of
signs ensures that branding for businesses,
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schools, churches and public spaces appears
in full-color brilliance. The use of iconography
also improves accessibility, ensuring clear
communication for people of all reading
abilities.

Cree LED Video Expertise

“We are proud to introduce the CV28D LEDs
with FusionBeam Technology, the first LED
solution to truly bridge the gap between
through-hole and SMD technologies in the
LED signage market,” said Joe Clark,
President of Cree LED. “By combining the
best qualities of both, CV28D enables signage
manufacturers to create displays with higher
resolution, better directionality and improved
durability, all while reducing light pollution.
FusionBeam Technology LEDs represent the
next frontier for LED information signs, and
we’re excited to see how our customers
leverage our technology in their future
designs.”

Cree LED, a Penguin Solutions brand, is a
leading innovator in LED technology, providing
reliable, energy-efficient solutions for displays
and lighting across the globe. Known for
pioneering key signage technologies such as
waterproofing, high-contrast packages and
tilted viewing angles, Cree LED’s products are
trusted in high-profile installations and are
backed by an excellent global intellectual
property portfolio.

About Cree LED

Cree LED offers one of the industry’s broadest
portfolios of application-optimized LED chips
and components, leading the industry in
performance and reliability. Our team delivers
best-in-class technology and breakthrough
solutions for focused applications in high
power and mid-power general lighting,
specialty lighting and video screens. With
more than thirty years of experience, Cree
LED develops products backed by expert
design assistance, superior sales support and
industry-best global customer service. B

XDC and Lumileds Achieve a
Breakthrough with MicrolC
Driven MicroLED Display

www.lumileds.com

X Display Company (XDC®), a leading
developer of semiconductor devices for
displays, and Lumileds, a global leader in
MicroLED technology, have developed a
revolutionary 140 pixels per inch (ppi)
microlC-driven microLED prototype display.

This first of a kind display technology marks a
significant milestone for MicroLED displays in
mobile consumer applications including
smartwatches, smartphones, tablets, and
PCs. MicrolCs enable a significantly more

Kdisplay-

& LUMILEDS

flexible and power efficient approach to
display backplane architecture.

“We see a lot of potential for MicroLED
displays in mobile consumer electronic
devices” said Ross Young, CEO of DSCC.
“This XDC and Lumileds breakthrough will
improve the cost, power, and brightness
display profile significantly as to help
accelerate adoption of these technologies.”

The new MicroLED display features a
cost-effective and power-advantaged
architecture that leverages a cluster drive
system combined with MicroLEDs that
measure just 13x20 pm2. The result is a peak
brightness of 2360 cd/m? that offers an
unparalleled viewing experience with stunning
clarity, color, and contrast. Both the microlCs
and microLEDs are manufactured using
cutting-edge production equipment that
ensures industry-leading uniformity and yield
rates. Notably, the mass transfer process
employed in the development of these
prototypes achieves an impressive 99.9998%
microLED sub-pixel yield and a 99.992%
microlC transfer yield. The processes used to
manufacture the prototype are mass
production ready.

“XDC’s mass transfer, bonding, and display
driving technologies have created new
opportunities to transform the world of
displays,” said Brendan Moran, Sr Director of
Display Technology at Lumileds. “Lumileds
has successfully implemented XDC'’s
transfer-ready microLED technology into our
volume production LED fabrication facilities.
Together, we are setting new standards in the
microLED industry and advancing mobile
display technology.”

“This milestone is made possible by
Lumileds’s device expertise and
manufacturing process discipline applied from
the very start. The result is repeatable,
high-quality microLED displays,” said Matt
Meitl, EVP and co-founder of XDC. “Our long
collaboration has resulted in microLED
displays sought by customers in the mobile
device space.”

XDC and Lumileds are pleased to announce
that the microlCs, microLEDs, and the
advanced transfer equipment utilized in this
prototype can be deployed for interested
customers, paving the way for broader
adoption of this technology in mobile
consumer devices.
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Boost your business success today by choosing
ams OSRAM LEDs for your luminaires!

==
LEDs impact lifetime, photon flux, maintenance and much more - it’s a fact. //;Z/// 7

Choose a fixture with ams OSRAM LED:s inside and benefit in the following ways:

+ Get stable crop results thanks to low light degradation and spectral stability

* Reduce the risk of field failures thanks to the outstanding robustness of the LED
« Save money on energy thanks to market-leading LED efficiency

+ Support European chip production and secure European food supply

+ Have strong intellectual property to minimize financial risk for growers

OSCONIQ® P 3737 Family:

o oP

Visit us af: ams-osram.com/applications/lighting/agriculture-horticulture Request your “LEDs Grow”
Info Package

amii OSRAM


https://www.ams-osram.com/applications/lighting/agriculture-horticulture
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About X Display Company:

XDisplay™ Company (XDC®), a technology
developer, licenses intellectual property, sells
microlCs and PixelEngine™ components and
Micro Transfer Printing Equipment that will
power next generation displays. XDC is
poised to capture a share in the
semiconductor and display markets,
delivering solutions that will make peoples’
lives better. www.xdisplay.com

About Lumileds:

Lumileds is a global leader in LED and
microLED technology, innovation, and
solutions for the automotive, display,
illumination, mobile, and other markets where
light sources are essential. Our approximately
3,500 employees operate in over 15 countries
and partner with our customers to deliver
never before possible solutions for lighting,
safety, and well-being. https://lumileds.com
|

Forge Partners with
HongliTronic to Offer
Innovative, High quality,
Sustainable LED Solutions

www.forge.co.uk

Forge Europa has announced a strategic
partnership with the LED OEM giant
“HongliTronic”, expanding its product offerings
to include their extensive range of innovative
and sustainable LED solutions. This
collaboration brings together HongliTronic’s
cutting-edge LED technologies with Forge’s
LED tech experience and bespoke services to
meet the diverse needs of customers across
the UK and Europe.

Standard Portfolio with customer-based
customization HongliTronic, ranked amongst
the world’s top three OEMs for LED
components, offers a comprehensive range of
products, including SMD, EMC, and COB
packages. These solutions cater to a wide
variety of applications, from general lighting to
specialized UV technologies, making
HongliTronic a versatile and essential partner
for Forge’s growing client base. HongliTronic
develops standard solutions for global
markets but remains open to customized
client requirements.

Advanced Testing, Innovation, and
Sustainability One of HongliTronic’s core
strengths lies in its rigorous product testing
and commitment to innovation. With three
fully CNAS / IES LM80 accredited
state-of-the-art laboratories and LM80 testing
data available across the range, HongliTronic
ensures high reliability and durability across
their product lines. Their focus on developing
groundbreaking technologies, such as UV-C
LEDs for disinfection and sterilization, allows
them to remain at the forefront of industries
like healthcare and air/water purification.

HongliTronic also prioritizes sustainability in its
manufacturing processes. Their automated
production lines, designed for efficiency, help
reduce waste and energy consumption,
ensuring that their LEDs not only meet
industry standards but also support
environmental goals, making HongliTronic and
Forge the ideal LED supply partner.

Global Scale and Local Support As one of the
largest LED manufacturers worldwide,
HongliTronic leverages its large-scale
manufacturing capabilities to offer competitive
pricing and reliable supply chains.
HongliTronics global presence, combined with
Forge’s localized technical support, ensures
that customers receive both top-tier products
and responsive service.

David Scott-Maxwell, Managing Director at
Forge Europa, said, “We are thrilled to
welcome HongliTronic as a key partner. Their
advanced technological solutions, combined
with their focus on innovation and quality,
perfectly align with Forge’s mission to provide
high-performance, high quality, eco-friendly
lighting solutions to our clients. Together, we
look forward to pushing the boundaries of
LED innovation.”

Alex Wang, Vice General Manager for
HongliTronic, added, “Partnering with Forge
allows us to expand our reach into new
markets while leveraging their expertise in
providing tailored solutions to customers. We
are excited to collaborate and bring our
innovative and sustainable LED technologies
to Forge’s diverse range of clients.” B

Foliaj Farms Selects Sollum’s
Dynamic LED Solution to
Support Diverse Crop
Production in Indiana
Warehouse

www.sollumtechnologies.com

Foliaj Farms, led by first-time grower Bill
Reece, has chosen Sollum Technologies’
dynamic LED lighting solution to power his
new indoor farming operation in Muncie,

Indiana, USA. Focused on growing leafy
greens such as lettuce, kale, and herbs,
Foliaj’s large-scale warehouse will leverage
Sollum’s advanced lighting technology to
optimize plant growth in a fully controlled
environment.

“We're excited to see Foliaj Farms adopt our
solution,” said Matthew Bonavita, Sollum’s
Vice President of Sales. “Bill's commitment to
growing a variety of crops in an efficient and
sustainable way aligns perfectly with what our
dynamic lighting offers. We’re confident that
Sollum’s technology will help Foliaj Farms
meet its production goals, both now and in
the future.”

What initially drew Bill to Sollum was the
exceptional flexibility offered by Sollum’s SUN
as a Service® (SUNaaS®) cloud platform,
especially with regards to its multi-zoning
capabilities that allow each production zone to
benefit from a custom dynamic light recipe.
As Bill plans to diversify his crops, the ability to
tailor light spectrums and intensity to suit each
one was a key factor in his decision.

Another factor in Bill's decision to adopt
Sollum’s solution was his desire to provide
healthier and more affordable food options to
his local community, where limited access to
fresh produce has many relying on fast food
due to the lack of alternatives. “This project
isn’t just about farming, it’s about making
healthy, pesticide-free produce accessible to
people who need it the most,” Bill said.
“Sollum’s technology allows me to apply the
best lighting to each crop, ensuring optimal
growth and making our vision a reality. We
tested and reviewed a number of lighting
solutions and Sollum offered a far superior
option for us.”

About Sollum Technologies

Sollum Technologies designed the only 100%
dynamic LED lighting solution that modulates
the full spectrum of the Sun’s natural light to
illuminate closed environments such as
greenhouses, research centers and
laboratories. Sollum’s award-winning, turnkey
solution consists of internet of things,
Al-powered light fixtures that are controlled by
Sollum’s proprietary SUN as a Service® cloud
platform. Sollum’s distinctive proposition is a
fully scalable cleantech solution that evolves
with business needs and multi-zone light
management, with each zone benefiting from
automatic dimming of an unlimited number of
light recipes; this is why it provides
unparalleled value in terms of energy savings
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and, additionally for greenhouse growers,
increased productivity, and superior produce
quality. Founded in 2015, the company is
headquartered in Montréal (Québec, Canada),
where its design, development, and
manufacturing activities are concentrated, and
has a representative office in Leamington
(Ontario, Canada). ®

A Research Team from ams
OSRAM and Fraunhofer Wins
the Deutscher Zukunftspreis
(German Future Prize) for
Digital Light

ams-osram.com

Germany'’s President Frank-Walter Steinmeier
honored the winners of the Deutscher
Zukunftspreis 2024 at a formal ceremony in
Berlin. The award was presented to a team of
experts led by Dr. Norwin von Malm and
Stefan Grotsch from ams OSRAM and Dr.
Hermann Oppermann from the Fraunhofer
Institute for Reliability and Microintegration
1ZM for the technological implementation of
their idea — an LED matrix that turns car
headlights into projectors. The LED
technology developed by the team opens up
new possibilities for innovative designs thanks
to its high-resolution light distribution and its
energy efficiency.

As part of their Digital Light project, the
researchers and their teams have completely
rethought intelligent LED technology and
established a basic technology that enables
numerous new applications, even beyond car
headlights. Dr. Norwin von Malm and Stefan
Groétsch from ams OSRAM and Dr. Hermann
Oppermann from Fraunhofer IZM have
developed a light source that is smaller, lighter,
more efficient, more intelligent and more
precise in its light output than conventional
light sources. The new system will allow car
headlights, for example, to illuminate the road
ahead precisely and brightly without blinding
or endangering oncoming traffic or
pedestrians. A conventional
low-beam/high-beam combination is not an
option here because it must be possible to
control the light’s spatial distribution and for
the light itself to adapt to the respective
situation. To achieve this, the new headlight
does not use two light sources like

conventional headlights. Instead, it relies on
25,600 LEDs in a matrix of 320 x 80 points,
where each individual LED can be controlled
with a digital signal. In combination with a
special lens, this creates a headlight that
works much like a video projector.

Compact design and high efficiency

The new system requires minimal installation
space and is highly efficient since only the
LEDs that are actually required for the desired
light distribution are switched on. Systems
with passive light modulation, by contrast, rely
on shading, meaning that the light source is
always on at full power, and the undesired
light is filtered back out. However, this is an
inefficient solution, since it involves generating
unnecessary light. Furthermore, the generated
heat must be dissipated, which requires large
and expensive cooling systems. The new
system prevents these losses from occurring
in the first place.

Increased safety through projected
pictograms

To increase safety, ams OSRAM and
Fraunhofer have come up with something
special: Their headlight not only provides
precise and efficient light for the road ahead; it
also acts as a projector and can project
pictograms onto the road, e.g., a snowflake if
there is a risk of frost or a specific symbol for
wrong-way drivers.

Digital Light — intelligent LED technology for
the world of tomorrow

Light-based information opens up many new
use cases for the team’s LED matrix, which
can be controlled via a digital system.
Examples include optical data communication
between computer chips, e.g., in data centers
for Al applications, or augmented reality (AR).
Here, the light matrix could be used as a
virtual monitor for AR glasses, where digital
information is displayed in the user’s field of
vision in addition to the real-world
environment. A compact design and energy
efficiency are essential here since AR glasses
must be lightweight and have a long battery
life. These use cases demonstrate the
enormous potential of Digital Light when it
comes to transforming the ways humans and
electronic devices interact.

Deutscher Zukunftspreis — paying tribute to
innovative achievements in engineering and
science

“| extend my best wishes to the teams led by
Dr. Norwin von Malm and Stefan Grétsch as
well as to Fraunhofer IZM on this outstanding
award. Receiving the German President’s
Deutscher Zukunftspreis for our intelligent LED
solution Digital Light, after a first award in
2007, is a special distinction for the entire
Fraunhofer-Gesellschaft. The award
demonstrates the enormous innovative
strength of ams OSRAM and underlines the
importance of intelligent lighting and sensor
technologies for our digital society of today

and tomorrow,” said Aldo Kamper, CEO of
ams OSRAM.

“My sincere congratulations to the winning
team from ams OSRAM and Fraunhofer IZM
on this great award,” said Prof. Hanselka,
President of the Fraunhofer-Gesellschaft. “As
part of their Digital Light project, the
researchers have done more than develop a
groundbreaking technology that opens up
new possibilities for efficiency, safety and
design. They have also provided a first-class
example of the innovative strength that comes
with transferring cutting-edge scientific
findings to practical applications through the
collaboration between research and industry.
The Fraunhofer [ZM team has clearly
demonstrated the dedication, creativity,
pioneering research and entrepreneurial spirit
that characterizes the Fraunhofer-Gesellschaft
and forms the basis of our success. Being
awarded the Deutscher Zukunftspreis is a
great success for the whole team and shows
the extraordinary work that has gone into this
project.”

Awarded annually since 1997, the Deutscher
Zukunftspreis is one of the most prestigious
accolades for scientific achievement in
Germany and includes 250,000 euros in prize
money. It celebrates outstanding
achievements in the fields of technology,
engineering, and science that result in
products that are ready for applied use. Each
year, a prestigious jury goes through a
multi-stage process to select three research
teams and their innovative idea from a wide
range of projects. These three teams proceed
to the final round, the “circle of the best.” In
addition to innovation, the jury also evaluates
the economic and social potential of the
project. This is the tenth time that Fraunhofer
has been awarded the Deutscher
Zukunftspreis, with Fraunhofer IZM receiving
the prize for the first time. B

XLamp® XP-L Photo Red
LEDs — Top Tier Efficiency
for Next-Gen Luminaires

www.cree-led.com

Cree LED is committed to delivering innovative
lighting solutions for horticulture and
agriculture, where tailored lighting is essential
for maximizing yields. Unlike traditional lighting
for human vision, these systems require
application-tuned spectral content, high
efficacy and long lifespans.

Cree LED’s advanced products offer
industry-leading efficiency and reliability,
designed specifically for these unique
applications.

Introducing the XLamp® XP-L Photo Red S
Line LED
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Coming soon, the XLamp® XP-L Photo Red
S Line LED is set to redefine horticulture
lighting. Designed for next-generation
luminaires, this new LED delivers outstanding
efficiency and durability, empowering growers
to achieve superior results.

* Exceptional Efficiency
With a typical Wall-Plug Efficiency (WPE) of
83.5% at 700 mA and 25°C, the XP-L
Photo Red S Line LED offers a 6%
efficiency boost over the XP-G3 Photo Red
S Line LEDs. This extra performance can
be used to lower Photo Red LED count in
luminaires by 35

¢ Unmatched Durability
Built with advanced S Line technology,
these LEDs feature outstanding sulfur and
corrosion resistance, making them ideal for
harsh greenhouse environments.

e Seamless Upgrade Path
Featuring the same 3.45 x 3.45 mm XP
footprint as XP-G3 Photo Red S Line LEDs,
the XP-L Photo Red ensures an easy
upgrade for existing systems. Engineered
for Reliability and Performance

(CREE= creeled.com

XLamp® XP-L
Photo Red LEDs

Highest efficiency for
horticulture lighting

83.5% typical WPE
at 700 mA, 25°C

Superior corrosion
resistance

'COMING SOON

Cree LED’s S Line LEDs are designed for
demanding horticulture applications, ensuring:

Superior system reliability through rigorous
switching and dimming cycles. Long-lasting
performance derived from proven outdoor
lighting technology. Reduced maintenance
costs and improved ROI for greenhouse
operators. Maximize Your Yields with Cree
LED

Cree LED continues to expand its portfolio of
XLamp horticulture LEDs, delivering
cutting-edge solutions for modern agriculture.
From vertical farming to greenhouses, our S
Line LEDs promise extended operational
lifespans, heightened efficiency and optimized
yields, helping growers thrive in any
environment.

About Cree LED

Cree LED offers one of the industry’s broadest
portfolios of application-optimized LED chips
and components, leading the industry in
performance and reliability. Our team delivers
best-in-class technology and breakthrough
solutions for focused applications in high
power and mid-power general lighting,
specialty lighting and video screens. Cree
LED develops products backed by expert
design assistance, superior sales support and
industry-best global customer service.
cree-led.com M

A Look Back at LiGHT 24
With Artist Frankie Boyle

www.frankieboylestudio.com

Visitors to last year’s LIGHT 24 exhibition, held
on the 20th and 21st of November at the
Business Design Centre in Islington, London,
received the unique opportunity to view the
never-before-seen art installation
‘Intra-spectrum’ by artist Frankie Boyle,
powered by leading architectural lighting
manufacturer formalighting.

Frankie Boyle is a renowned experiential
creative director and artist specializing in
immersive and experiential design, with a
profound focus on light and color theory. With
over a decade of experience in the event and
lighting industries, she is recognised for
crafting innovative installations and
experiences that guide audiences through
transformative emotional journeys.

This was Frankie’s first time creating an art
installation for a trade show, and she shares
the learning curves that came along with this
project. Frankie says, “Intra-spectrum was
artistically one of the most challenging
installations | have ever created. This
installation was about painting with light, like
an artist that works with paint and canvas, you
never know what the outcome is going to look
like until you get there, this installation was no
different. One of the biggest challenges when
working with light is that clients will often want
to know what the final piece is going to look
like before an installation begins, but light
interacts differently dependent on materials
and space.

Frankie’s work revolves around human
behaviors, and the exclusively created
Intra-spectrum installation aimed to ignite and
resurface memories and emotions as visitors
moved through the space. Frankie says, “Our
goal was to highlight the reflection and
refraction of the light and how it made people
feel, creating something for people to
experience and enjoy, rather than focusing on
the products themselves in contrast to the
rest of the trade show. Light is a language that
everyone speaks, on a subconscious level,
and | get the most enjoyment from seeing the
effects my installations have on people in
person.

“It was an exciting challenge to bring together
both architectural and entertainment lighting

to provide a moment in time where people
could stop and pause and feel peace and
tranquility within an overstimulating space of
the trade show. The installation ignites your
inner light, taking you on both a physical and
emotional journey.”

To create the kaleidoscope of vibrant colors
and reflections in this artwork, Frankie used
dichroic film, a material that exhibits different
colors when viewed from different angles,
creating a color-shifting effect. The lighting
products provided by formalighting were the
brand’s Moto Zero and Cobra luminaires,
which provided incredible CRI to bring out the
rich color palette at work. The lighting was
Casambi-controlled to create panning spots
and soft movement that emulated the natural
flow of water.

Sustainability was also at the forefront of this
project, with the art installation designed to be
reusable. Since the exhibition, the material
has been disassembled and transported to
Barts Health NHS Trust, a group of hospitals
which provide vital services to over 2.5 million
people in east London and beyond, to create
bespoke artwork for the hospital to promote
patient healing.

Frankie adds, “As a neurodivergent individual,
sensory spaces were integral to my
development, and | am proud that
Intra-spectrum can be reused and rebuilt to
provide sensory experiences to patients in
hospital to support their wellbeing. It is an
amazing continuation of the story of the
installation to help people in the community
while being sympathetic to the planet.” B

Tridonic: New Certification for
Emergency Lighting

www.tridonic.com

Tridonic, a leading provider of emergency
lighting solutions, is the first manufacturer to
receive ENEC certification for its lithium iron
phosphate batteries. The new certification
scheme was developed by the responsible
organisation ETICS (European Testing,
Inspection and Certification System) and
deployed by DEKRA.

The new ENEC mark for LiFePO4 batteries
builds on the extensive tests and
documentation relating to the safety of
emergency lighting products at Tridonic. B
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DALI Insights with DALI Alliance’s Chair

of the Board of the Directors —
Arnulf RUPP, Governmental Affairs
Director at Inventronics

Arnulf Rupp:
“Wireless DALI+ is a game-changer for
lighting controls, enabling energy

efficiency and flexibility in renovations
without the need for costly rewiring.”
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ARNULF RUPP | DALI LIGHTING INTERVIEW

In this exclusive interview, Arnulf Rupp, Chair of the Board of Directors at
the DALI Alliance and Governmental Affairs Director at Inventronics,
shared his unique insights into the evolution of DALI technology, its
groundbreaking applications, and the transformative potential of DALI+.
With an illustrious career in the lighting industry, Arnulf reflected on the
future of wireless lighting controls and discussed how DAL is shaping
the path toward sustainability and innovation in lighting solutions. This is
an unmissable read for anyone interested in the future of lighting.

dali-alliance.org

LED professional: The first thing we
would be interested in hearing about
is your career path and how you ulti-
mately became Governmental Affairs
Director at Inventronics.

Arnulf RUPP: | spent most of my pro-
fessional career in the lighting indus-

try. After finishing my physics degree

at the Technical University in Munich,

| started my professional carrier in re-
search and development for automo-
tive high-pressure lamps at OSRAM.

It was an amazing learning experience
which included understanding the funda-
mentals of plasma physics of discharge
lamps, circuit design for power electron-
ics driving discharge lamps and even
some aspects of production equipment
development. Mastering the complexity
of the interfaces between all these ele-
ments and the eminent need to agree on
interface specifications inside the com-
pany as well as with customers became
my passion. When the transition from
classical lamps to LED started, | had the
opportunity to gain business and man-
agerial experience while working in the
corporate strategy department as an
inter-company management consultant
and later in marketing and business de-
velopment roles in the newly established
LED business units of OSRAM. During
that time, | also went through an exec-
utive MBA program with the University
of Augsburg in cooperation with Joseph
M. Katz Business School in Pittsburgh.

| experienced that working with indus-
try alliances and associations can be a
powerful tool for business development,
especially in the digital and connectivity
related industry. When | moved to Inven-
tronics, | became governmental affairs
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and intellectual property management
director. As part of this role, I’'m also act-
ing as the chair of the board of directors
in DALI Alliance, as board secretary in
the Thread Group and as a member of
the board of directors of LightingEurope.

LED professional: It’s a real oppor-
tunity to be able to discuss lighting
controls and, specifically, DALI with
you. In this interview, we want to fo-
cus on wireless DALLI, also known as
DALI+. Before we dive in, though, we
would like to clarify some terminology
for our readers. What exactly do the
terms DALI, DALI-2, D4i, and DALI+
mean?

Arnulf RUPP: Indeed, the different logos
and trademarks which were added over
the years may be confusing. DALI Al-
liance is the global consortium of lighting
companies developing and promoting
the Digital Addressable Lighting Interface
(DALI) protocol, which is based on the
international IEC 62386 standard. The
word DALI and the graphical DALI logo
are globally protected trademarks of the
DALI Alliance. They stand for the DALI
technology as well as the organization.

In addition to the DALI technology and
brand, DALI Alliance also maintains cer-
tification programs for different product
categories known as DALI-2, D4i and
DALI+. All products listed in the DALI
certification database on the website
under these certification marks have
been diligently checked with test se-
quences provided by the alliance. These
product related trademarks indicate for
which use-case the product and the cor-
responding test sequence have been

designed for. All three certification pro-
grams cover LED drivers, input devices
and application controllers, but for differ-
ent connectivity scenarios.

DALI-2 products communicate with the
“classical” 2-wire DALI bus. They are in-
tended for lighting control systems cov-
ering a room, a floor or even a complete
building with multiple DALI subnets. De-
pending on the national electrical code,
the DALI wires may be included inside
the electrical power cabling, e.g. inside a
NYMS5 cable, or they may come as extra
data-cables. Typically, one bus power
supply is connected to a DALI subnet,
or the bus is powered by the application
controller.

D4i products also communicate with a
2-wire DALI bus. The key difference is
that a D4i system just connects prod-
ucts inside one luminaire or a small sub-
system with a maximum of four LED
drivers. This architecture is intended to
make wired DALI / D4i products eas-

ily accessible from wireless controls
eco-systems, such as Bluetooth Mesh,
Zigbee, DALI+ (to be explained below)
or other networking systems. All LED
drivers and sensors inside the luminaire
are automatically discovered in a “plug &
play” way by the connectivity node of the
wireless eco-system, also known as the
D4i gateway or bridge. Bus power sup-
ply and DALI data features for metering
and diagnostics are mandatory for all D4i
LED drivers.

DALI+ products communicate using

a wireless or IP network carrying the
same DALl commands known from its
wired counterparts. Wireless DALI+ LED
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drivers, input devices and application
controllers include a radio transceiver for
data transmission.

This enables DALI systems with both
wired and wireless endpoints without
the need for translating gateways. Wired
and wireless sub-systems can still be
connected using a DALI+ bridge. Both
wired DALI and wireless DALI+ prod-
ucts are tested with the same rigorous
certification tests, ensuring seamless
interoperability. Because DALI+ also
supports carrying DALI commands over
IP (internet protocol) carriers, application
controllers may be implemented fully in
software, running on ubiquitous comput-
ing hardware.

LED professional: What were the main
reasons for defining DALI as a wire-
less option, DALI+, and thereby ex-
panding the ecosystem?

Arnulf RUPP: The global commercial
building stock is growing steadily, but in
developed countries only about one-fifth
of new lighting products are installed in
new buildings. Most new lighting prod-
ucts are installed in buildings which are
built already. Under the pressure to re-
duce carbon footprint, renovation will
become even more important in the
coming years. Lighting has great po-
tential to contribute to making commer-
cial buildings more energy efficient. But
renovation of buildings has its own chal-
lenges. There may be limited budget

for re-wiring if no major renovation is
planned. Power cables are there, but the
extra DALI cables may not be present or
only be partially available. Historic struc-
tures with strict preservation regulations
often prevent re-wiring. Since COVID-19,
the need for flexibility and customization
in commercial buildings is also increasing
further.

These are all good reasons to con-
sider wireless technology for renovation
projects, avoiding the need for expensive
re-wiring of the building while increas-
ing flexibility for future use scenarios of
the building. In addition to the technical
needs of renovation, we are also fac-
ing that renovation often happens under
strict time pressure or renovation is ex-
pected to happen while operations are
ongoing. With an increasing shortage
of skilled labor, simplification of the de-
ployment process is of high importance.
Wireless technology in many aspects is
the answer to those challenges.
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DALI Alliance, the open, global consortium of lighting companies aiming to grow the market for

lighting-control solutions with the Digital Addressable Ligt

1ting Interface (DALI) protocol based on the IEC

62386 standard. Logo of the Technology & Organisation (top). Certification Programs. (below)

DALI2: (below/left) 2-wire fieldbus for communication with LED drivers, sensors and controls as well as

for (limited) power supply to some devices. D4i: (below/middle) Plug & Play* intra-luminaire bus for

communication between LED drivers, sensors and communication nodes.

* Plug & Play means automatic
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commands carried over a wireless and/or IP-based medi
DALI-2.
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D4i: The full picture of Intra-luminaire DALI includes i) Power available to connective nodes & sensors, i

Smart Data reporting to external network, and iii) Compatible with multiple wirless controls networks

DALI Alliance is addressing the need for
wireless lighting controls technology in
multiple ways. It is not expected that we
will see one dominating wireless technol-
ogy in the foreseeable future. The techni-
cal requirements are different in different
industry sectors and applications. Also,
the pressure to stay compatible with ex-
isting products and ecosystems will not
go away. With the D4i architecture, DALI
Alliance has paved the way for multiple
wireless connectivity eco-systems to use
existing wired DALI technology in wire-
less controls systems. With DALI+ the
alliance is adding an option to stay inside
the DALI ecosystem for wireless as well.
This is particularly useful in applications

where wired DALI-2 and wireless DALI+
will co-exist. But it is also an attractive
choice for DALI members who want to
enter wireless technology while protect-
ing the investment they already made in
wired DALI over the years. Because the
DALI command set remains essentially
unchanged in DALI+ and the technical
and application experience related to it
can be reused, it is a preferred way to
evolve into wireless technology coming
from DALI-2.

LED professional: What does the new
ecosystem, including DALI+, look
like, and what configurations can be
achieved for rooms, buildings, and
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cities? What are the system limita-
tions of DALI+?

Arnulf RUPP: DALI+ technology enables
the same rich lighting controls capabili-
ties we already have with wired DALI-2.
There are no limitations in the type of
products and DALI specification parts
that can be implemented with the under-
lying technical standard of DALI+. The
international standard IEC 62386-104
defines how to implement all existing
DALI features known from wired DALI
with wireless and IP networks. This in-
cludes the commands for controlling
LED light sources, input devices allowing
control systems to react to environmen-
tal condition changes and user needs as
well as application controllers.

However, it needs to be considered that
the certification program allowing for the
use of the DALI+ certification mark is
not yet available for all DALI specification
parts. At present, LED drivers includ-
ing the DALI data extensions for energy
metering and diagnostics, application
controllers and the most important input
devices can already be certified. Certi-
fication for DALI+ bridge products con-
necting DALI+ with classical DALI-2 and
D4i is expected to start early in 2025.
Because a bridge allows connecting

any existing DALI product with a DALI+
network, it is a very important addition,
making the full set of DALI features ac-
cessible to DALI+ application controllers.
Emergency lighting, color control and
more sensor types will follow.

LED professional: Let’s also discuss

sustainability as a crucial element of
any new lighting solution. How does
DALI+ support sustainable solutions,
and can it be considered sustainable
in the long term?

Arnulf RUPP: Wireless DALI is an im-
portant enabler to unlock the potential of
additional energy savings and well-being
for existing buildings. DALI+ is expected
to significantly increase the deployment
rate of lighting controls in renovation
projects. It is well understood from life
cycle assessment studies needed for the
upcoming environmental product decla-
rations that the dominant contribution to
carbon emission from lighting systems
results from the energy consumption
during the use-phase of lighting prod-
ucts. In other words, any investment

in energy savings with lighting controls
translates into a strong and sustainable

For the DALI+ certification program,

DALI Alliance made a choice for the
Thread Protocol as the underlying wire-
less networking technology. Other suit-
able networking technologies may be
added later for specific application needs.
The specific strength of the Thread pro-

environmental benefit. The possibility to
reduce energy consumption without the
burden of masonry work needed to re-
wire the building not only offers a quick
return on investment from a monetary
point of view, but also from a carbon
emission point of view.

DALI+ withfHREAD
devices

oaup

The entire DALI+ system communicates using the existing DALI language, initially via Thread as carrier. A
DALI+ bridge allows application controllers in the DALI+ system to control, configure and query devices in a
DALI wired system. Broad range of connectivity is available for BMS, Ethernet router, D4i and DALI2
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tocol is that it implements an IP capable
low power mesh network. With that,
DALI+ enables low energy consumption
for the transmission of DALI commands
and thus minimizes standby losses and
overall energy consumption of the con-
trols components.

LED professional: The complexity of
systems is constantly increasing, and
ecosystems are growing larger. How
will systems with DALI+ or hybrid sys-
tems with many participants, actua-
tors, and sensors be managed in the
future?

Arnulf RUPP: As with any large net-
working system, DALI systems also
require structuring networks into sub-
nets and backbone networks. This is

a known practice in DALI-2, where the
address space of the protocol already
limits the size of one subnet to 64 con-
trol gears and 64 control devices. Such
a limitation does not exist in DALI+ with
Thread, because devices can be ad-
dressed using their IPv6 address pro-
vided by the underlying network. The
IPv6 address space is very large and
would theoretically allow unique ad-
dresses for thousands of nodes per
every square meter of the earth’s sur-
face. Still the common practice in IPv6
networks is structuring the network in
smaller subnets tailored to the available
throughput capabilities of the physi-

cal carrier technology. The benefit of
the internet protocol is that the net-
work structure is largely independent

Modern office lighting requires flexible equipment and illumination solutions. DALI+ is an excellent option for

from the application protocol and can
even be changed without breaking the
network or requiring re-configuration
when the physical throughput limits

are reached. This makes Thread based
DALI+ networks extremely scalable and
future proof. It would even allow shar-
ing the network resources with other
eco-systems such as KNX |oT or Matter,
very much like different IT applications
sharing the same WiFi network in office
buildings today.

Such wireless shared sensor / actua-
tor networks are not wildly used today
but may become a need in the future
when the number of isolated wireless
networks for different controls systems
in a building grows further. Most wire-
less loT networks use the license free
2,4 GHz band making interference un-
avoidable. Sharing the physical network
using a common IP protocol can help
avoid interference and reduce connectiv-
ity overhead.

LED professional: Security is a cru-
cial aspect of all wireless solutions.
Thread, which is now widely used,
serves as the communication carrier.
How secure is DALI+ in real applica-
tions?

Arnulf RUPP: DALI+ is well prepared
for the growing cybersecurity needs and
upcoming regulatory requirements in the
different regions of the world. Thread
itself is a secure by design network
where no device can be added to the

applications involving renovations, retrofitting, and adaptability.

network without proper authentication
of the joining device. Communication is
always encrypted using state of the art
cryptographic methods. On top of the
network level encryption, DALI+ adds
another layer of symmetric application
layer encryption effectively isolating the
lighting network from any other devices
and routers having access to the data
transmitted in the same network. Both
group communication as well as the uni-
cast communication between devices
benefits from the additional application
layer security. Key deployment leverages
a TLS based asymmetric encryption
method.

Next to the cryptographic properties of
the networking protocol, it is important
that DALI members implement proper
management of security vulnerabilities.
DALI+ technology supports that process
with a standardized method for deliver-
ing firmware updates that members can
use to cope with any security vulnerabili-
ties which may arise.

LED professional: There is an exten-
sive certification program for DALI
and DALI+ that verifies both data
transmission and device behavior.
What exactly does the DALI certifica-
tion entail, especially for DALI+?

Arnulf RUPP: DALI Alliance requires all
certified products to pass a sophisti-
cated and highly automized test proce-
dure with hours of interoperability and
device level testing.

The unique strength of the DALI Alliance
certification program is that not only
reliable data transmission and compli-
ance with the encoding requirements of
the DALI language is checked, but also
the physical output resulting from DALI
commands is verified. For example, the
proper implementation of the logarithmic
dimming curve and the execution of fade
rates and fade times are checked by the
DALI test harness.

For DALI+ the certification program re-
quires Thread certification for the under-
lying networking protocol and successful
execution of the same application layer
tests which would apply to the compara-
ble DALI-2 product. In addition, special
DALI+ tests have been developed for
DALI+ command encoding rules and for
DAL+ bridges translating between wire-
less and wired DALI.
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LED professional: Of course we are
also interested in the availability of
DALI+ systems and devices. What
does the further roadmap look like,
and when can we expect to see the
first DALI+ systems on the market?

Arnulf RUPP: Despite the fact that cer-
tification program for a subset of DALI+
device types has already been launched,
there are still important parts missing
from a certification program point of
view. However, that does not mean

that the industry has not implemented
the technical standard yet. Products
and systems using the underlying IEC
62386-104 standard already exist in

the market and members of the DALI
Alliance continue pushing for the fur-
ther development of the technology and
certification program with the target to
introduce fully certified DALI+ systems in
the future.

Considering the complexity of the tech-
nology and the long value chain, my es-
timate for fully certified DALI+ systems

LED professional: Does the DALI Al-
liance ensure long-term support for
DALI+ systems? How is this achieved,
and is DALI+ actually an international
standard?

Arnulf RUPP: The DALI Alliance is abso-
lutely committed to make DALI+ a long-
term available system with supply from
multiple member companies. The under-
lying technical standard is already avail-
able as an international standard and the
comprehensive changes and additions
contributed by DALI members since the
first publication of the IEC 62386-104
standard will also be made available as
updates to the IEC document. The pro-
posed changes to the IEC document are
already available for download from the
DALI Alliance website.

LED professional: In conclusion, we
would like to know where one can
find relevant information to delve
deeper into DALI+. This includes de-
signers, developers, and potential
partners. What do you recommend

Standards » DALI+ overview. If you are
considering the development of DALI+
products, the best way to get the most
updated information is watching the
DALI Alliance member webinars and if
you are a DALI Alliance regular member,
participating in the DALI+ workgroup.

As a planner or luminaire maker | rec-
ommend watching for publications from
DALI members involved in DALI+.

LED professional: Thank you, Mr.
Rupp, for your time and the valuable
insights into the DALI world! We wish
you much success!

Arnulf RUPP: Thank you for the oppor-
tunity to provide my viewpoints on DALI
and DALI+ in particular. &

For additional information, please visit
dali-alliance.org.

®
down to the level of luminaires and con- for those interested in quickly, effi-
trols solutions with only certified DALI+ ciently, and currently getting up to
components ranges between late 2025 speed on this topic? -
and early 2026. Meanwhile we will see Alliance
more products implementing the tech- Arnulf RUPP: Introductory content
nology and more product categories about the DALI+ technology and pub-
begin to be added to the certification lished standards are available from the
program. DALI Alliance website in the section
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ALFONSO D’ANDRETTA | GEWISS LIGHTING INTERVIEW

In this exclusive interview, the Managing Director of BU Lighting at
Gewiss reflects on his journey in the lighting industry, his leadership
approach, and the company’s ambitious direction following the
acquisition of Performance iN Lighting. This strategic move enhances
Gewiss’ presence in key segments like office, industry, and urban lighting.
He discusses innovations such as connected and human-centric lighting,
sustainability, and smart city solutions, emphasizing the balance between
technological progress and the quality of light. With a focus on leveraging
new opportunities and tackling challenges, he shares his vision for the
future of lighting and the importance of disruption in driving progress.

www.gewiss.com

LED professional: What drew you to
the lighting industry, and how has
your career path led you to your cur-
rent role at Gewiss?

Alfonso D’Andretta: | started my pro-
fessional career in the lighting industry
back in 2008 when | joined Philips (now
Signify). After about 13 years in multiple
geographies and roles, primarily mar-
keting, sales and operations, | had the
opportunity to leverage my experience
and apply it in a different domain, mov-
ing to an access control company as
Chief Sales Officer. In 2024 | joined the
lighting industry once again, taking an
exciting assignment within an ambitious
organization such as Gewiss.

LED professional: Can you share
some insights into your leadership
style? How do you balance opera-
tional demands with long-term strate-
gic thinking?

Alfonso D’Andretta: Once | was told
that a well-rounded manager is the one
who can apply different management
styles depending on the situation he

or sheis in. | always try to bear this in
mind, connecting with the counterpart
and reading the situation, to be as ef-
fective as | possibly can. Above this,
there is one single rule | always try to
stick to: never compromise long-term
strategic objectives because of short-
term goals. Like sailing, sometimes you
need to adapt the sails to the wind, and
in rough waters even adjust the route,
but still keep functionally moving toward

the final destination you have envisioned.
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LED professional: Gewiss recently
acquired “Performance iN Lighting.”
What strategic goals motivated this
acquisition, and how does it align with
Gewiss’ broader vision for the lighting
business?

Alfonso D’Andretta: The acquisition of
Performance iN Lighting was motivated
by Gewiss’ commitment to significantly
scale up its lighting business, through
competencies, portfolio and coverage. It
surely represents an important first step
in this direction.

LED professional: What impact do
you expect this acquisition to have on
your market position, both in Italy and
internationally?

Alfonso D’Andretta: The acquisition of
Performance iN Lighting significantly re-
inforces Gewiss’ position in the market,
particularly in certain segments such as
Office, Industry, Residential, Sport and
Urban, and in certain geographies like
Germany, France and ltaly just to name
a few.

LED professional: How will the prod-
uct portfolios of Gewiss and Perfor-
mance iN Lighting complement each
other? Will there be any product line
expansions or innovations as a result
of the acquisition?

Alfonso D’Andretta: At Gewiss, 2024
was the year of a unique vision of light,

in all its forms, a renewed proposal, a
single point of reference for every lighting
need in a new, unified lighting portfo-

lio. The new proposal covers applica-
tions ranging from hospitality to retail and

healthcare, from office to industry, from
residential to sport facilities, urban and
large areas. An offering which combines
performance with innovation and design,
to deliver comfort, safety and efficiency.
This is the direction we will keep invest-
ing in, in the years to come.

LED professional: What new opportu-
nities in terms of technology or mar-
ket segments does this acquisition
unlock for Gewiss?

Alfonso D’Andretta: The acquisition
enables access to new markets and
segments to be leveraged, thanks to
synergies within the lighting domain and
beyond.

LED professional: The lighting indus-
try is rapidly evolving, particularly with
advancements in smart lighting and
loT. How is Gewiss positioning itself
to take advantage of these trends?

Alfonso D’Andretta: Connected lighting
will definitely play a key role in our strat-
egy for the years to come. At Gewiss
we are putting significant investments in
this direction, with the objective of hav-
ing a full suite of architectures designed
around the specific needs of each seg-
ment. We believe that both vertical and
horizontal integrations will be key for our
customers to unlock the potential of their
infrastructure.

LED professional: Sustainability is a
key focus in many industries today.
How is Gewiss incorporating sustain-
ability into its product development
and operations in the lighting sector?
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Alfonso D’Andretta: Innovation is an
integral part of the Gewiss DNA, it has
thus made the decision to develop a
responsible business model, which
promotes respectful conduct towards
people and the environment. Gewiss is
committed to putting forward solutions,
services and products that, starting from
the design phase, take into account not
just the market requirements but also the
need for sustainability in every phase of
their life.

In developing solutions, services and
processes, Gewiss strives to offer a
range that responds to the needs and
expectations of our customers, in line
with driving forces of sustainability and
sustainable development. The aim is to
develop innovative solutions, services,
and processes with a specific focus on
social, environmental and economic as-
pects. To define sustainable develop-
ment criteria for our solutions, services
and processes, Gewiss is inspired by
the Pillars of Sustainability defined in the
United Nations report, “Our Common

Future”, identifying guidelines for each
one.

In 2024 we concluded and obtained the
PEP Ecopassport certification for the
Smart range and further LCA studies are
planned for next year to understand the
environmental impacts of the products
and possibly obtain third-party certifica-
tions.

LED professional: In your opinion,
what are the most significant inno-
vations we can expect to see in the
lighting industry over the next few
years?

Alfonso D’Andretta: In the last 15 years,
the lighting industry has been revolution-
ized by the distributive advent of digital-
ization. | believe we have not seen it all
yet. In fact, technology still offers space
for further enhancements when it comes
to performance and range of applica-
tions. This becomes even more true if
applied to data enabled services. One

Performance iN Lighting project: MEDIATHEQUE LES 7 LIEUX - Bayeux — France.

Performance iN Lighting project: PRIVATE VILLA - Sanlicar de Barrameda - Cadiz — Spain.

thing the industry has been losing on the
way though, is the attention to the qual-
ity of light and its application. We always
need to remember the massive impact
light has on the community. We all need
to bring the right attention back to the
technical fundamentals of light, while
capturing the potential of new technolo-
gies.

LED professional: How do you see
the role of lighting changing in smart
cities and urban development, and
how is Gewiss contributing to this
future?

Alfonso D’Andretta: Lighting has a
massive impact on urban developments.
It transforms areas making them wel-
coming and safe for people to come
together and experience the community.
Connected lighting brings an additional
element to the equation, allowing peo-
ple to engage with the space around
them, thanks to adaptive lighting. Finally,
for the municipalities a well-designed
city lighting management system brings
significant efficiency in maintaining the
infrastructure, and better service for the
citizens.

LED professional: With the increasing
emphasis on human-centric lighting,
how does Gewiss plan to integrate
health and well-being considerations
into its products?

Alfonso D’Andretta: Gewiss, in particu-
lar, Performance iN Lighting, is integrat-
ing health and well-being considerations
into its lighting products by focusing on
Human-Centric Lighting (HCL), which
aligns with natural circadian rhythms to
improve sleep, reduce stress, and en-
hance productivity. They are incorporat-
ing smart lighting systems that adapt to
daylight conditions and individual needs,
and using LED technology for superior
light quality and energy efficiency. Addi-
tionally, Gewiss is committed to sustain-
ability by minimizing the environmental
impact of their lighting solutions, ensur-
ing they promote both human well-being
and ecological balance.

LED professional: What are the biggest
challenges currently facing the light-
ing industry, and how is Gewiss navi-
gating them?

Alfonso D’Andretta: As previously men-
tioned, a technological fast pace trans-
formation such as digitalization offers
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Performance iN Lighting project: ARENA DI VERONA

Verona - Italy.

great opportunities but also significant
threats. As an industry, we should not
forget the fundamentals of the quality

of light and its application, while pur-
suing new dimensions enabled by the
advancement of the technology. This
way we really capture the full potential of
light.

LED professional: Supply chain issues
have affected many industries glob-
ally. How has Gewiss managed these
challenges, and what measures have
you implemented to ensure continuity
in production and innovation?

Alfonso D’Andretta: This is undoubtedly
a fact. Dependance on the supply chain
of certain components is a point of con-
stant attention. We at Gewiss take our
supplier basis extremely seriously. We
see and manage it as an extension of
our own organization. This, together with
thorough planning, gives us solid control
and mitigates possible disruptions in the
value chain.

- EUROPEAN VOLLEY CHAMPIONSHIP 2023 -

LED professional: What role does in-
novation play in Gewiss’ strategy to
stay competitive in the global lighting
market?

Alfonso D’Andretta: A company without
innovation has no future. Innovation is at
the very core of what we do through a
continuous innovation cycle that funnels
ideas to actual projects and ultimately
offers solutions for the market. The cy-
cle can be longer or shorter, depending
on the complexity. We balance speed
depending on the horizon of the specific
project. Note that innovation is not only
what we bring to the market, but also
how we operate, the way we integrate
our solutions within a specific vertical
and the means we use to deliver better
service to our customers.

LED professional: With energy ef-
ficiency becoming a critical focus

for many industries, how is Gewiss
adapting its products to meet stricter
regulatory requirements?

Alfonso D’Andretta: We are extremely
active when it comes to anticipating reg-
ulatory requirements. We actually advo-
cate for raising the bar when it comes to
the quality of light in all its dimensions,
from components to application.

LED professional: What has been
the most significant lesson you’ve
learned in your time as Managing Di-
rector at Gewiss?

Alfonso D’Andretta: The most signifi-
cant lesson is the one I’'m going to learn
next. What | mean is; I'm constantly
learning. Every day. I’'m truly blessed

in this sense. To quote the founder of
the company himself, Cav. Domenico
Bosatelli: Aim for the stars. You won’t
reach them but they will guide you.

| find it a beautiful summary of what we
do, and will keep doing.

LED professional: How do you envi-
sion the future of lighting in the next
10 years, and what role will Gewiss
play in shaping that future?

Alfonso D’Andretta: | personally believe
that the lighting industry has a brilliant
future. There is so much more we can
do to make new technologies evolve
and contribute to society with better and
more sustainable light. At Gewiss we
definitely want to make a significant con-
tribution, and we will be working towards
this.

LED professional: What advice would
you give to young professionals en-
tering the lighting industry today?

Alfonso D’Andretta: One word: Disrupt.
This is what young professionals are for
in this, and any other industry.

LED professional: From a personal
perspective, what excites you most
about the direction the lighting indus-
try is heading in?

Alfonso D’Andretta: The tremendous
potential of light, in all its shapes. &

For additional information, please visit
www.performanceinlighting.com.

ssue 107/Jan-Feb/2025 | © 2025 Luger Research e.U. | LED professional Review (LpR) | Lighting Technologies & Design 29


https://www.performanceinlighting.com

N e ‘ N
i - o = WUAH
7
- it
T o~
> e SRR
&
. 5

=

& ~ i
=y

s - %
o A o 2

\}‘

R ' ‘

-

GUELLZERO  GUELL 1 GUELL 2 GUELL 2.5 GUELL 3 GUELL 4



LTI

[T

GUELL

GUELL is a complete series of LED floodlights designed to offer
high performance lighting solutions.

They can be installed in the most diverse contexts: small sports
facilities, industrial and commercial exteriors.

The versatile products fit perfectly into lighting projects.

The GUELL guarantees total cohesion of the range. The range offers
different formats (GUELL ZERO /1 /2 /2.5 / 3/ 4), with 5 different

optics, with several electrical connection options and numerous
dedicated accessories

PERFORMANCE | poversety
MLIGHTING | GEWISS

www.performanceinlighting.com
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Pioneering Progress: Wurth
Elektronik’s Highlights and
Innovations Unvelled at electronica

LED Professional Editors

At this year’s electronica trade show,
Wiirth Elektronik [1] left an indelible
mark with its comprehensive show-
case of cutting-edge technologies and
innovative solutions. The company’s
400 m2 booth served as a hub for live
demonstrations, knowledge sharing,
and collaborative engagement. High-
lights included the unveiling of the
REDEXPERT digital design platform
and the new MyWE customer platform,
both providing invaluable resources
for developers and engineers. Visitors
were offered free lab samples to test
Wiirth Elektronik’s components in their
own development labs, demonstrating
the company’s commitment to hands-
on collaboration. Partnerships with
industry leaders such as Analog De-
vices, Infineon, and Texas Instruments
further underscored Wiirth Elektronik’s
role in advancing reference designs
and industry standards.

The booth also featured an impressive
array of product innovations, ranging
from advanced inductors and power
modaules to optical sensors and radio
modules. The introduction of the WL-
ICLED series, a new line of RGB LEDs
with integrated controllers, showcased
Wiirth Elektronik’s expertise in display
technology and lighting solutions. Ad-
ditionally, the company’s contribution
to sustainability through innovative
microalgae cultivation systems and

its Lighting Development Kit 2.0 high-
lighted its commitment to addressing
global challenges with technology.
This post-show report explores these
groundbreaking developments, re-
flecting Wiirth Elektronik’s mission to
create impactful solutions and redefine
industry standards.

Introduction

The global player’s strong service orienta-
tion was clearly apparent in many aspects
of its trade show presence. Trade visitors
were able to experience live demonstra-
tions of the REDEXPERT digital design
platform and the new MyWE customer
platform at the 400 m?2 booth. Develop-
ers who were looking to use components
for their own projects could order free lab
samples at the trade show booth and test
them in their development lab the next day.
Collaboration with IC manufacturers, which
was crucial for developing reference de-
signs, was also featured at the trade show.
Partners present at the booth included
Analog Devices, Infineon, Microchip, On-
semi, STMicroelectronics, and Texas In-
struments.

Alexander Gerfer, CTO at WUrth Elektronik eiSos.

Wirth Elektronik also contributed valu-
able knowledge sharing with its practice-
oriented reference guides. Alongside the
brand-new “ABC of Shielding”, an ex-
panded and revised version of the “Trilogy
of Connectors” was presented at elec-
tronica. Those interested in power supply

design found valuable insights and tips for
practical implementation in the newly pub-
lished “DC/DC Converter Handbook”.

“Those who know us are aware that we're
so much more than just a component
manufacturer,” mentioned Alexander Ger-
fer, CTO at Wurth Elektronik eiSos. “What
drives our company’s success is our high-
quality, durable products, of course. But, of
equal importance to us are services, such
as knowledge transfer and targeted de-
velopment support, for example through
pre-compliance measurement. Creating
Together is our mission, especially at this
important industry event.”

“What drives our company’s
success is our high-quality,
durable products, of course.
But, of equal importance to us
are services, such as knowl-
edge transfer and targeted
development support, for ex-
ample through pre-compliance
measurement. Creating To-
gether is our mission, espe-
cially at this important industry
event.”

ALEXANDER GERFER

“’More than you expect’ is also there to
be found in our comprehensive product
range, whether from stock as standard, or
as custom components,” Gerfer affirmed.
“Wrth Elektronik offers everything from a
single source: products from the fields of
passive components, electromechanics,
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MORE
OPTOELECTRONICS!

Alexander Gerfer (left), CTO at Wirth Elektronik eiSos, and his team at their electronica booth in Munich.

optoelectronics, power modules, digital
isolators, thermal management, as well

as wireless connectivity & sensors and
components for the automotive sector. We
offer more of everything: more partnership,
more solutions, more service and more
possibilities.”

A wealth of product highlights was exhib-
ited at the Wurth Elektronik booth:

e Single Pair Ethernet Power over Data
Line: reference design and demo board

o WE-MXGI SMT power inductors: Further
designs for this new series of inductors
were unveiled at the trade show. They
are made of an innovative metal alloy
with extremely low RDC and AC losses.
The compact, magnetically shielded
design is optimized for high switching
frequencies in excess of 1 MHz and
is ideally suited as a DC/DC converter
for high-current supplies and field pro-
grammable gate arrays.

* Transformers for battery management
systems as well as AC and DC charging
stations: ideally suited for applications
such as wallboxes and energy storage
systems

e High-current and high-temperature in-
ductors: with an operating temperature

of up to 150°C and without thermal ag-
ing effects, for example, for DC convert-
ers in power supplies

* MaglfC-VDMM type power modules:
with a wide input voltage range of 3.5-60
V for 48-V industrial bus applications

* WE-TORPFC PFC chokes: for charging
stations or solar power system inverters

* WL-OSEN: a new optical sensor with a
typical detection distance of 1 mm for
optical switches or touch applications

* Radio modules & sensors: FeatherWing
development boards

e Another focus is on crystals and os-
cillators, such as the ICPT-1 rubidium
oscillator, as IQD Frequency Products is
once again a co-exhibitor this year.

e High-current contacts for automotive
applications and REDCUBE for direct
current motors

* New COAX connectors

e Custom solutions: for connectors, in-
ductors, transformers, crystals and os-
cillators, ferrites and inductors, thermal
management, capacitors, or automotive-
qualified components.

Components from Wrth Elektronik are
usually available straight from stock, even
in larger quantities.

FLECTRONIC
FLECTROMEG
COMPONENTS

WL-ICLED, a New
Series of RGB LEDs
with Integrated
Controller

W(rth Elektronik now offers WL-ICLED [2],
a new series of RGB LEDs with integrated
controller (IC). The components, control-
lable as pixels, combine a red, green and
blue LED with a programmable controller
IC. The intelligent LEDs, available in six de-
signs, are individually controllable in their
pixel color and brightness levels from O to
100 percent.

Over 16 million different color and bright-
ness levels can be set with the new RGB
LEDs. They are compatible with open
source libraries such as FastLED. As fewer
components (such as series resistors) are
required, display solutions with intelligent
LEDs are not only quicker to implement,
they are more compact than solutions with
separate LEDs. Applications for the com-
ponents include signal control systems,
full-color matrix displays, audio and gaming
systems, indoor lighting and displays on
e-mobility charging stations. The following
designs are now available: 1616 Chip LED
compact, 2020 Chip LED compact, 3210
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Chip LED Side View, 2121 PLCC6 with by-
pass, 5050 PLCC4 and 5050 PLCC®6.

Moisture protection

In contrast to comparable solutions already
on the market, Wirth Elektronik’s intelligent
LEDs with an MSL3 moisture sensitivity
level (rather than MSL5 or MSL5a com-
monly found) are less moisture sensitive
during assembly. Some of the components
comply with protection class IPx7, so they
can even be submerged for a short time
without damage. Another quality feature of
the LED chipsets is their gold coating on
the ‘Chip LED’ models and silver coating
for PLCC models, which leads to better
solderability. Available in 8-bit and 12-bit
versions, the intelligent LEDs offer more
options for PWM resolution.

Family-WL-ICLED.

Standardized qualification

Photobiological test reports in accordance
with EN 62471:2008 and IEC 62471:2006
are available for all models in the product
group. This may be relevant if the intelligent
LEDs are used in toys. Wirth Elektronik
does not target the automotive market with
the new product — but the tests and qual-
ifications were carried out in accordance
with AEC Q102-003 in order to provide
customers with objectively comparable
specifications.

The LEDs with integrated controllers can
now be ordered from stock without a min-
imum order quantity. Developers can re-
ceive free samples.

Display Technologies

At the electronica trade show, Wirth Elek-
tronik showcased a wide range of innova-
tive developments in display technology,
emphasizing advancements in Mini-LED,
ULED, and ICLED technologies.

Mini-LED Displays: Wurth Elektronik pre-
sented Mini-LED technology, known for

its exceptional brightness and color accu-
racy. By enabling precise control of indi-
vidual lighting zones, these displays deliver
outstanding image quality and energy effi-
ciency, making them ideal for applications

requiring high contrast and vibrant color
representation.

ULED Displays: The company also high-
lighted pLED technology, which represents
a significant milestone in display innova-
tion. Featuring extreme pixel density and
individual pixel control, uLEDs provide im-
pressive resolutions and color depths while
maintaining high energy efficiency. These
displays are particularly suited for demand-
ing fields such as medical technology and
high-end consumer electronics.

ICLED Displays with Optical Sensors:
ICLED displays with integrated optical
sensors were another focus of Wirth Elek-
tronik’s exhibit. These displays enable new
functionalities by capturing environmental
data, such as light intensity and gestures.
This opens up interactive and adaptive
possibilities for applications in smart light-
ing and data visualization.

ICLED Color Calculator: A notable highlight
of the booth was the ICLED Color Calcu-
lator, a tool designed to achieve precise
color corrections. By calculating PWM val-
ues based on target coordinates in the CIE
1931 color space, this tool ensures accu-
rate color reproduction, saves time, and
enhances the integration of ICLEDs into
complex applications.

Superfood in a New
Light

Already this year, at the Digital Life Design
(DLD) in Munich, the international con-
ference and innovation platform, Wurth
Elektronik announced a new cooperation
with Agile Solutions: A highly efficient LED
lighting system for microalgae production
which has been developed together with
the system partner. Up to seven times
more protein-rich than tofu, Spirulina is

a real superfood, as well as being a very
important raw material for the food and
pharmaceutical industries. Optimal growth
conditions are needed for efficient pho-
totrophic algae production in Germany,
and Wrth Elektronik’s cooperation aims
to achieve this, as promotion of new ideas
and start-ups is an important pillar of the
global player’s successful business model.

LED lighting is crucial for yield: Alexander
Gerfer, CTO at WUrth Elektronik eiSos, and
Martin Havers, founder of Agile Solutions,
explained the concept: Algae cultivation in
Germany takes place in closed indoor sys-
tems under controlled conditions. Plant-
optimized lighting is crucial for yield. Agile
Solutions — In cooperation with Wirth Elek-
tronik — has developed a special LED cur-

Pilot plant for microalgae cultivation.

tain using 700 mid-power LEDs to provide
the algae cultures with the ideal lighting.

“LED lighting technology, in general, and
plant-optimized lighting, in particular, is not
new territory for us,” explains Alexander
Gerfer. “With our Connected Vertical Farm
prototype, we have already demonstrated,
on a small scale, how plants grow and
thrive excellently under ideal LED lighting.
And underwater, it works in a very similar
way. Thanks to our targeted support, Agile
Solutions was able to significantly shorten
the development time and quickly bring

a sophisticated lighting system to market
with integrated self-diagnosis and opti-
mized load distribution.”

Microalgae products are expected to see a
high market growth of 10.9% on average,
particularly in Europe. Germany takes a
leading role here. With 16 microalgae-
producing companies, we are pioneers in
Europe.

Dare to know: At DLD, renowned experts
discussed the fundamental questions,
problems, and opportunities currently af-
fecting markets, media, culture and society
in their transformation through the Inter-
net and new digital business models. But
lifestyle, design, music, and art are other
important topics at Digital Life Design, be-
cause these areas are witnessing trend-
setting changes visible to everyone. This
year’s DLD conference motto was “Dare to
know.” Artificial intelligence is changing the
world, and is predicted to grow exponen-
tially. Where the journey is headed — that's
hard to say today.

“The same goes for every innovative idea”,
Alexander Gerfer adds. “That’s why we
specifically support start-ups in turning
their ideas into marketable products — even
if success is a long way down the road.
Today, circuit designs can be developed
much faster with Al support. It’s important,
however, that the components planned this
way are also available in large quantities
and in consistent quality. And that’s why
we're exactly the right partner, even in the
Al era.”
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Lighting Development
Kit 2.0

The all-in-one Lighting Development Kit [3]
provides an easy solution to mix RGBW
color for different lighting situations, am-
plify the growth of plants with the horticul-
ture panel or even for indoor illumination
based on Human Centric Lighting (HCL).
The Magl*C Multi Color LED driver can
power all three Panels. With four Magl*C
LED Step Down High Current Modules
(172946001) as its heart it is possible to
control the intensity and color of each of
the four LED strings individually to meet
the applications needs. The controlling is
done via an app for both iOS and Android,
which is developed to control the reference
design using Bluetooth® LE.

The board can be used for horticulture,
mixing of different white color tempera-
tures, mixing of RGBW LED combinations
(red, green, blue, white) or just to change
the intensity of one type of LED. The board
includes an EMI filter in order to comply
with the limits of the EN55015 conducted
lighting standard and the CISPR32 stan-
dard for radiated EMI (tested with 1m out-
put cable length) even while dimming the
LED strings.

Lighting Development Kit — Version 2.0.

Features

e 4 Channel LED Driver

e Horticulture Panel to grow plants (16
LEDs)

* RGBW Panel for lighting solutions (4
LEDs)

e Sunshine Panel for indoor illumination
(40 LEDs)

e Intensity of each channel can be ad-
justed individually (dimming 0 — 100 %)

e Dimming via Bluetooth® LE control
(2608011024000)

* App “WEilluminate” to perform dimming

* PWM dimming method — controlled by
PIC16F1527 microcontroller

* Dimming profiles and colors can be
stored

e |ED Driver: MaglfC Power Module 172
946 001

e Conducted and radiated EMI compliant
(EN55015 & EN55032)

* Good thermal behavior

* Integrated robust industrial Bluetooth®
LE module based on Nordic nRF52832

* The Kit is Bluetooth® LE 4.2 qualified.
The QDID is 90212

Summary

W(rth Elektronik’s presence at the elec-
tronica trade show demonstrated its lead-
ership in the electronics industry with a
wide range of innovations and collabora-
tive initiatives. The company highlighted

its commitment to advancing technology
with live demonstrations of its REDEXPERT
and MyWE platforms, alongside practical
offerings like free lab samples. Partnerships
with IC manufacturers such as Infineon and
Analog Devices further showcased Wirth
Elektronik’s dedication to industry collabo-
ration and high-quality reference designs.

The booth featured key product highlights,
including the WL-ICLED series of RGB
LEDs with integrated controllers, which en-
able precise color and brightness control
for applications such as gaming and e-
mobility displays. Display technologies like
Mini-LED, pLED, and ICLED were also cen-
tral to the exhibition, emphasizing Wrth
Elektronik’s ability to push the boundaries
of resolution, efficiency, and interactivity.
Innovations like the ICLED Color Calculator
and solutions for high-power inductors and
transformers solidified the company’s focus
on quality and functionality.

The Lighting Development Kit 2.0 rounded
out the showcase, offering versatile lighting
solutions for applications from horticulture
to human-centric indoor illumination. This
comprehensive display reaffirmed Wrth
Elektronik’s role as a pioneer in the elec-
tronics sector. B

References

[1] https://www.we-online.com

[2] https: ve-online.com/en/components/produc
ts/WL-ICLED

[3] https://www.we-online.com/en/components/produc

ts/LIGHTING_DEVELOPMENT_KIT

About the Wiirth Elektronik eiSos
Group: WUrth Elektronik eiSos Group is a
manufacturer of electronic and electrome-
chanical components for the electronics
industry and a technology company that
spearheads pioneering electronic solu-
tions. Wrth Elektronik eiSos is one of the
largest European manufacturers of passive
components and is active in 50 countries.
Production sites in Europe, Asia and North
America supply a growing number of cus-
tomers worldwide.

WURTH

ELEKTRONIK
MORE THAN
YOU EXPECT

WE

For more information visit:
www.we-online.com
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Lighting and Sensing the Future:
ams OSRAM’s Breakthroughs in
LEDs, Sensors, and Projection

LED Professional Editors

At electronica in Munich, Martin Wittmann,
Senior Director Global Marketing, and
Giinter Hotzl, System Solution Engi-
neer, showcased ams OSRAM'’s latest
advancements in intelligent lighting
and sensing technologies, highlighting
the company’s leadership in innovation
and sustainability. These technolo-
gies introduced remarkable improve-
ments in energy efficiency, enabling
significant cost savings and enhanced
performance for applications in horti-
culture, UV disinfection, and infrared
sensing.

The focus was on sustainable solu-
tions for diverse industries, including
advanced lighting for controlled en-
vironments, efficient and eco-friendly
disinfection systems, and highly pre-
cise sensors for robotics and smart
devices. The showcased innovations
emphasized adaptability, durability,
and improved energy management,
aligning with modern demands for
smarter, greener technologies.

The event demonstrated how ams OS-
RAM’s cutting-edge developments are
driving sustainability while enabling
greater precision and performance
across industries such as agriculture,
healthcare, and security. The presen-
tations reinforced the company’s com-
mitment to shaping the future of intelli-
gent lighting and sensing systems.

Breakthroughs

OSCONIQ® P 3737 -
A Game-Changer in
Horticultural Lighting

The OSCONIQ® P 3737 from ams OS-
RAM has left a significant impression in
the horticulture industry as showcased in
Munich. This high-power LED solution is
redefining greenhouse and vertical farming
efficiency by delivering cutting-edge per-
formance with unparalleled energy savings
and durability.
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The OSCONIQ® P 3737 high-power LED
achieves industry-leading wall plug efficiency
of 83.2% in Hyper Red, enabling unique output
levels and cost savings

Energy Efficiency and Perfor-
mance

The OSCONIQ® P 3737 stands out for its
exceptional wall plug efficiency (WPE) of
83.2% in Hyper Red, enabling growers to
achieve a photon flux of 6.13 ymol/s while
reducing energy consumption. This effi-
ciency translates to tangible cost savings—
up to 11% compared to prior LED generations—
making it an economically and environmen-
tally compelling choice for greenhouse
operators. For instance, a greenhouse

with annual electricity costs exceeding
€100,000 could save €11,000 yearly, a no-
table return on investment.

Thttps://ams-osram.com/products/leds/color-leds/os

ram-osconiq-p-3737-2w-gf-pusra2-25

Versatility Across Horticultural Ap-
plications

Available in five tailored colors (Hyper Red,
Red, Deep Blue, Far Red, and Horti White),
the OSCONIQ® P 3737 caters to various
controlled-environment horticulture needs.
It excels as a top light, interlighting solution,
sole-source lighting, or in vertical farm-

ing setups, providing flexibility for diverse
growing requirements. Its robust design
ensures long-term reliability, maintaining
90% of its initial light output after an im-
pressive 102,000 operating hours.

Demonstrations and Collaboration
at electronica

ams OSRAM also highlighted the OSCONIQ®
P 3737’s practical applications through

an innovative 4-channel Horticulture LED
Module demo board. This module demon-
strates the synergy between the OSCONIQ®
LED family and advanced driver technol-
ogy, offering greenhouse operators en-
hanced lighting control and efficiency. In-
ventronics’ drivers, including their 1,800

W models with DALI-2 D4i compatibility,
further expand the spectrum of lighting so-
lutions by integrating digital interfaces for
optimized power management.

Industry Leadership and Sustain-
ability

ams OSRAM'’s presentation reinforced its
status as a leader in horticultural LED in-
novation. By aligning top-tier performance
with sustainable practices, the OSCONIQ®
P 3737 exemplifies how advanced light-
ing technology can drive crop productivity
while reducing operational costs.

The OSCONIQ® P 3737 has set a new
benchmark for horticultural lighting, offer-
ing unmatched efficiency, versatility, and
longevity. Its debut demonstrated its trans-
formative potential for greenhouse and ver-
tical farming applications, cementing ams
OSRAM'’s position as a pioneer in intelligent
lighting solutions.
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OSLON® UV 3535 -
Pioneering UV-C
Disinfection Technology

The unveiling of the OSLON® UV 35357 by
ams OSRAM at recent industry showcases
has cemented its status as a trailblazer in
the UV-C disinfection market. This state-of-
the-art UV-C LED is a game-changer, de-
livering mercury-free, efficient disinfection
with cutting-edge technology and design
innovations.

Exceptional Performance and
Germicidal Efficiency

The OSLON® UV 3535 stands out for

its impressive output of 115 milliwatts at
the ideal germicidal wavelength of 265
nanometers. This wavelength is scientifi-
cally recognized as offering the highest ger-
micidal effectiveness, ensuring unparalleled
pathogen inactivation. The LED’s advanced
wall plug efficiency and robust design allow
it to meet demanding performance criteria
while maintaining a long operational life and
competitive price-performance ratio.

2 https://ams-osram.com/products/leds/uv-c-leds/os
ram-oslon-uv-3535-su-culfp1-vc

—

Martin Wittmann summarized its impact:
“This product sets a new industry bench-
mark by achieving peak efficiency at the
most effective wavelength for disinfection
while maintaining exceptional durability.”

The new OSLON® UV 3535, a groundbreak-
ing UV-C LED, serves the growing demand for
mercury-free and efficient UV-C disinfection and
treatment solutions.

Innovative Design for Diverse Ap-
plications

Engineered with versatility in mind, the
OSLON® UV 3535 features a compact

3.5 mm x 3.5 mm footprint and a 120°
emission angle, supporting a range of dis-
infection solutions. The LED leverages ad-
vanced AlGaN-based flip-chip technology
within an open ceramic package. This con-
figuration, combined with a highly reflective
frame, enhances light output and ensures
forward-directed radiation.

The device’s instant-on functionality and
flexible design make it ideal for air, surface,
and water disinfection. Its point-source
feature reduces photon loss and maximizes
efficiency, particularly in applications like
UV-C LED reactors for water treatment or
air purification devices.

Driving Innovation in the UV-C
Market

The OSLON® UV 3535 represents a signifi-
cant leap forward in UV-C LED technology,
offering unique advantages over traditional
mercury-based disinfection systems. Key
benefits include:

e Eco-Friendly and Safe: Mercury-free
technology aligns with global sustainabil-
ity goals

e Durability: Extended lifetime and reliabil-
ity in demanding environments

¢ Instant Control: On/off capabilities for
responsive, on-demand disinfection

e Compact Design: Enables sleek, space-
efficient solutions, that cannot be real-
ized with lamps.

Studies, such as one conducted by the
University of Liverpool, have confirmed
that UV-C LEDs like the OSLON® UV 3535
achieve comparable disinfection perfor-

Martin Wittmann (left), Senior Director of Global Marketing, and Gunter H6tzl (right), System Solution Engineer, both from ams OSRAM, provided an extensive tour of
the ams OSRAM booth during electronica in Munich, showcasing breakthrough innovations in lighting to Siegfried Luger, Publisher of LED Professional.
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mance to traditional mercury lamps while
requiring significantly less UV-C radiation,
enhancing system efficiency.

The OSLON® UV 3535 encapsulates the
future of UV-C disinfection, blending effi-
ciency, flexibility, and eco-conscious de-
sign. By addressing critical needs across
air, surface, and water treatment applica-
tions, it positions ams OSRAM as a leader
in sustainable and innovative solutions for a
rapidly evolving market.

TMF8806 — Redefining
Precision in Time-of-Flight
Sensing

ams OSRAM’s TMF8806”, the latest ad-
dition to its direct Time-of-Flight (dToF)
sensor lineup, has garnered widespread
acclaim for its transformative potential in
robotics and smart device applications.
Designed for applications including ob-
stacle detection and collision avoidance,
this next-generation single-zone sensor
combines precision, versatility, and energy
efficiency in an impressively compact mod-
ule.

Unmatched Performance and Ver-
satility

Building on the success of ams OSRAM’s
dToF technology —already deployed in over
50 flagship smartphones and numerous
autonomous systems—the TMF8806 ele-
vates sensing capabilities with an extended
detection range of 1 cm to 5 m. Its adapt-
ability makes it ideal for home appliances,
mobile robotics, smart cameras, security
systems, and more.

Ultra-low-power innovations, enhanced pre-
cision, and extended versatility: ams OSRAM
unveils the TMF8806 direct Time-of-Flight (dToF)
sensor module.

GUnter Hotzl praised the sensor’s capabil-
ities: “This compact yet powerful sensor
redefines precision and performance, of-
fering unmatched accuracy for diverse
applications.”

Shltps ams-osram.com/products/se -solutions
direct-time-of-flight- sensors-dtof/ams-tmf8806- 1d-tim
e-of-flight-sensor

Key features include:

¢ Enhanced Detection Range: Standard
mode operates up to 2.5 m, while long-
range mode reaches 5 m

e Energy Efficiency: Ultra-low-power de-
sign, consuming just 0.26 pA in shut-
down mode

e Wide Compatibility: Supports 1/Os rang-
ing from 1.2 V to 3.3 V, making it suit-
able for various hardware configurations

e Compact Form Factor: At only 3.6 x 2.2
x 1.0 mm, it integrates seamlessly into
space-constrained devices

Precision in Every Environment
The TMF8806 uses dToF technology to
capture distance measurements by timing
ultra-short light pulses, ensuring rapid, ac-
curate data with minimal interference from
environmental reflections. Its 24° Field of
View (FoV) and wide operating temperature
range (-40°C to 85°C) make it a reliable
choice for challenging conditions. The
sensor’s advanced statistical processing
eliminates inaccuracies, guaranteeing con-
sistently high precision across applications.

Developer-Friendly Design

ams OSRAM has prioritized ease of use,
offering a suite of tools to simplify devel-
opment and integration. Key resources
include:

* Hardware Support: The TMF8806-
Shield Board, Arduino® Uno R3 plat-
form, and breakaway sensor board facili-
tate fast prototyping and testing

¢ Plug-and-Play Functionality: Pre-installed
firmware ensures instant operation with-
out additional downloads

e Universal GUI and Python Scripts: These
tools support logging, calibration, and
visualization, streamlining the develop-
ment process

* Open-Source Resources: ams OSRAM’s
GitHub repository provides drivers and
software examples to kickstart projects

Innovation in Collision Avoidance
and Automation

The TMF8806 sensor’s precise and efficient
design is a game-changer for robotics and
smart devices, enabling advanced features
like autofocus, virtual barriers, and inven-
tory management. lIts flexibility in adjusting
to different optical stacks and glass thick-
nesses further enhances customization for
specific applications.

The TMF8806 sets a new benchmark for
single-zone dToF sensors, combining ex-
ceptional performance, low-power opera-
tion, and developer-friendly tools in a com-
pact package. By addressing the needs
of modern robotics and automation sys-

tems, ams OSRAM has positioned itself as
a leader in intelligent sensing technology,
paving the way for smarter and more effi-
cient devices across industries.

IR:6 — Next-Generation
Infrared LED Technology

ams OSRAM’s launch of the IR:6 infrared
LED chip technology"" has redefined the
standard for brightness and efficiency in in-
frared lighting. With a remarkable increase
of up to 35% in brightness and 42% in
efficiency compared to previous models,
the IR:6 technology has captured atten-
tion across various industries, from security
systems to medical devices.

IR LED product versions based on the new IR:6
technology to boost performance in security and
biometrics applications.

Unparalleled Performance and
Versatility

The IR:6 thin-film chip technology enables
superior performance across diverse ap-
plications. For manufacturers of security
cameras, biometric authentication systems,
and smart doorbells, the enhanced bright-
ness and efficiency translate to improved
image quality and faster, more accurate
recognition of biometric markers. These
advancements also result in lower power
consumption and extended battery life,
aligning with sustainability goals.

In medical applications such as light ther-
apy for tissue damage treatment, the in-
creased optical power of the IR:6 allows
manufacturers to use fewer LEDs while
achieving the same therapeutic effects.
This saves space and reduces overall
costs, making the technology particularly
attractive in cost-sensitive and compact
designs.

New Products Leveraging IR:6
Technology

The first products to feature the IR:6 chip
include the OSLON® P1616 series and the
OSLON® Black family, offering a range of
options tailored to specific needs:

*https://ams-osram.com/news/press-rele
s-osram-int s-ir-led-product-versions
n-the-new-ir-6-technology
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* OSLON® P1616 Series:
— Compact 1.6 mm x 1.6 mm package
— Radiant flux up to 1650 mW with var-
ious wavelength and viewing angle
options
— Ideal for space-constrained applica-
tions in security and biometrics
o OSLON® Black Family:
— Features a rectangular field of illumina-
tion, perfect for IR cameras
— Wavelengths of 860 nm and 940 nm
for diverse use cases
— Radiant flux up to 980 mW with op-
tions for varying viewing angles, en-
hancing design flexibility

Advanced Technology and Design
Improvements

The IR:6 chip incorporates innovative ma-
terial and structural improvements that
deliver superior performance:

e Higher Chip Efficiency: Enhanced intrin-
sic efficiency improves overall brightness

e Central Bond Pad: Optimizes current
spreading and reduces forward voltage

e Improved Surface Roughening: In-
creases decoupling efficiency and bright-
ness

* New Wavelength Options: Adds a 920
nm wavelength, offering a better signal-
to-noise ratio and reduced visible red
glow compared to traditional 850 nm or
940nm wavelengths

These advancements cater to applications
requiring precision and power, including
autonomous devices, inventory systems,
and light therapy equipment.

Quality and Reliability

Manufactured in Regensburg, Germany,
the IR:6 chip benefits from a fully controlled
supply chain, ensuring consistent quality
and high-volume availability. This end-to-
end control reinforces customer confidence
in the reliability and performance of ams
OSRAM products.

Industry Impact

Martin Wittmann highlighted the transfor-
mative impact of IR:6: “The new, improved
IR:6 technology from ams OSRAM is set-
ting once again an industry benchmark in
the market segment for both, brightness
and efficiency. Customers that replace
their existing IR LEDs with new IR:6-based
LEDs can instantly achieve better perfor-
mance in their application with lower power
consumption.”

The IR:6 infrared LED technology repre-
sents a significant leap forward in infrared
sensing and illumination. Its combination
of brightness, efficiency, and versatility
positions it as a critical enabler for next-
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generation devices across a range of in-
dustries. With its robust product offerings
and customer-centric design, ams OSRAM
continues to lead in innovative solutions for
a brighter, more efficient future.

EVIYOS® Shape

In this field, ams OSRAM presented a new,
intelligent project at electronica 2024:
EVIYOS® Shape, a product based on
EVIYOS® technology, is now being used
for the first time in applications outside the
automotive sector.

The EVIYOS® Shape, developed by ams OS-
RAM, is a disruptive LED technology featuring a
monoalithic chip with 25,600 micro-LEDs, each
controllable with a 40 pm pixel pitch.

EVIYOS® Shape is a cutting-edge, ULED-
based light source designed for architain-
ment, entertainment and machine vision
applications, as well as for urban projection
scenarios creating new visions for smart
cities. As a first joint customer project, the
ams OSRAM partner ELEPN showcased
the brand-new MLP300 at the 25" China
International Optoelectronic Exposition
(CIOE). This micro-LED smart projector
was developed by ELEPN, a provider of
micro projection modules, and will also

be enriched with the groundbreaking LED
innovation EVIYOS® Shape from ams OS-
RAM.

“EVIYOS® Shape ensures precise control
and real-time adaptability, making it perfect
for transforming urban environments with
customizable light scenarios”, said Glnter
Hotzl.

The LED was launched on the market at
the beginning of 2025.

microLEDs

ams OSRAM has refocused its develop-
ment activities in the microLED sector,
prioritizing projection technologies, partic-
ularly for automotive applications. While
other application areas may become viable
in the future, these are considered optional
possibilities, as leading market research
firms like TrendForce also suggest.

Summary

At electronica in Munich, ams OSRAM
demonstrated its continued leadership in
intelligent lighting and sensing technolo-
gies through groundbreaking advance-
ments across various fields. Presentations
highlighted energy-efficient solutions for
horticultural applications, eco-friendly in-
novations for UV disinfection, and high-
performance infrared and time-of-flight
sensing technologies. These developments
showcased significant improvements in
energy savings, operational efficiency, and
precision, addressing the evolving needs of
industries such as agriculture, healthcare,
robotics, and security.

ams OSRAM'’s focus on sustainability and
adaptability was evident in its versatile
product applications, from greenhouse
lighting to autonomous systems and medi-
cal devices. The event reinforced the com-
pany’s commitment to driving technological
progress while meeting global sustainability
goals. By integrating cutting-edge technol-
ogy with practical industry solutions, ams
OSRAM is shaping a smarter and more
sustainable future across diverse markets.
The showcased innovations at electronica
underscored the company’s pivotal role in
transforming modern lighting and sensing
systems. M

For more information visit the following
websites: ams-osram.com

amii OSRAM
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Optimizing Lighting Energy
Efficiency (Part Il) — Consideration
of Behavioral Aspects in Lighting

Systems

Dipl.-Ing. Johannes WENINGER!3, Team Leader Research at
Bartenbach, and Dr. techn. Sascha HAMMES?, M.Sc., Researcher

at University of Innsbruck

Insufficient information about user-
related parameters within the build-
ing design phase is currently bridged
by employing empirically proven and
standardized occupant models, which
are formulated as generally as possible
to achieve a high degree of applicabil-
ity. However, such generalized models
cannot adequately reflect individual
and dynamic occupancies or the di-
verse human interactions with building
systems. This often results in energy-
inefficient operation of lighting sys-
tems and is reflected in performance
gaps between planning and operation.
As the user-related influences only be-
come apparent after commissioning,
appropriate concepts are required to
improve energy efficiency.

“Optimizing Lighting Energy Efficiency”
(Part I) was published in issue LpR#106,
Nov/Dec 2024.

! Bartenbach GmbH, LindenstraBe 1,
6112 Wattens / Tirol, Austria

2 University of Innsbruck, Unit of Energy
Efficient Building, 6020 Innsbruck / Tirol,
Austria

3 Johannes.Weninger@bartenbach.com

While the first part focused on identifying
the factors influencing energy consump-
tion, the second part of this series presents
strategies that consider the identified user-
related influencing factors in lighting control
to improve energy efficiency. The con-
cepts presented are based on long-term
data collection from an open-plan office at
Bartenbach GmbH, which is operated as

a Living Lab since 2019. The results show
that significant improvements can subse-
quently be achieved through greater user-
centricity. However, user-centeredness
starts with the lighting concept.

Introduction

The influence of occupancy behavior on
energy demand in buildings is well known
[1] and was highlighted in the first part of
this article [2]. It was also emphasized that
strong user-related dynamics can occur

in buildings, e.g., regarding occupancy
behavior at the workplace and the interac-
tion of occupants with building systems.
These are the result of contextual factors
such as widely varying work processes,
employment levels, degrees of freedom in
the social structure, age and gender [3]. In
addition, these influences prove to be vari-
able over time in most cases. A study from
2014, for example, analyzed 23 months

of occupancy sensor data from a large of-
fice building to establish occupancy diver-
sity factors and investigate their influence
on energy simulation models. The results
show that occupancy diversity factors vary
significantly with days of the week and sea-

sons [4]. Furthermore, it can be assumed
that occupancy behavior varies consider-
ably between organizations.

As user behavior only emerges after com-
missioning, it is generally difficult to ade-
quately predict occupancy in the planning
phase. To overcome uncertainties in this
respect when planning lighting systems
and associated control systems, assump-
tions about occupancy behavior are usually
made that are as generally valid as possible
to achieve a high level of applicability. This
includes, for example, the normative work-
place lighting of 500 Ix in accordance with
EN12464-1. Design concepts for lighting
control systems that are based solely on
these generally applicable specifications
usually consider neither the individual light-
ing preferences of the individual users nor
the occupancy patterns at the workplace.
This can have a negative impact on both
comfort and energy requirements [5,6] and
is usually expressed in unwanted user in-
terventions in the planned control system,
particularly by overriding intended control
curves in automated systems [7,8]. The
resulting negative effects can be particu-
larly pronounced in applications with dif-
fuse areas of responsibility, for example in
open-plan offices with room-based lighting
concepts [9]. It is therefore hardly sur-
prising that most of the currently available
building management systems are hardly
suitable for user-orientated requirements.

It therefore requires user-centered lighting
systems and concepts that have the ability
to adequately consider real presence pat-
terns, as the degree to which user-related
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parameters are accounted for significantly
determines whether key performance in-
dicators (KPIs) for lighting are achieved or
not.

In the context of lighting control, an exten-
sive online market survey on the topics of
BIM and lighting controls was conducted
in the summer of 2023 with participants
from the manufacturing industry, con-
tractors, (lighting) design, research and
development, building owners and facil-
ity management (see [10]). A total of 165
usable responses were received (272 in
total, 133 complete). Based on the com-
munication channels used, the focus was
on participants from Europe (87.8%). The
respondents’ assessment reflects the cur-
rent situation well, namely that aspects

of user-centeredness are currently only
barely reflected in available building sys-
tems (Figure 1). The participant groups of
building owners and contractors did not
provide enough feedback for an evaluation.

Most survey participants named zonal sys-
tems as the most frequently used solution
in the context of user-centered lighting,

i.e., the division of the lighting system into
separately controllable sections, which
represents a first step away from room-
centered lighting concepts (Figure 2). The
positive effects of zoned workplace lighting
on energy consumption were also high-
lighted in 2020 in a study carried out in the
Living Lab [11,12]. It was shown that the
higher the degree of zoning, the lower the
energy requirement, as energy is only con-
sumed where it is needed (Figure 3). More
importantly, however, zoning has a positive
effect on visual comfort and system accep-
tance, as individual lighting preferences can
be better reflected. At the same time, the
risk of conflicts between different lighting
preferences is reduced [9]. Zoned lighting
systems therefore prove to be promising
for energy efficiency and comfort, espe-
cially since they are easy to implement in
the planning phase.

The second most frequently chosen op-
tion in the survey was manual override
(Figure 2). Even if automated systems are
more energy-efficient than manual light-
ing control systems [13,14], the option

of manual override is always beneficial to
maintain user acceptance of the system
[15]. However, it must be noted that this
simultaneously enables potentially nega-
tive energetic effects, which are primarily
caused by an inadequate predefinition of
automation mechanisms, as users increas-
ingly intervene in the system control and
thus counteract overarching control objec-
tives.

Figure 1: Market survey responses to the question of how well user aspects are currently considered in
building systems (type of question: Likert scale) - Image adapted from [10].

Zoning
22% Workplace related presence detection
= Workplace related environmental sensors
= Working hours / schedules
= Personalizable control
19% = No considering / not assessable
= Manual override of automated controls
loT-Systems

Figure 2: Answers from the market survey for the planning focus group to the question of which
user-centered concepts are currently being implemented (type of question: multiple choice, relevance in %
of total number of valid responses) - Image adapted from [10].
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Figure 3: Comparison of the cumulative energy demand and the artificial lighting operating times for
different lighting zones over the course of the day (study period Sep. 2020 to Nov. 2020, study object:
open-plan office of the Bartenbach R&D building in Aldrans, Austria) - Image adapted from [12].
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Presence-based lighting control is empha-
sized as the third most frequently chosen
option (Figure 2). This promises energy
savings of around 30% compared to man-
ual control [16,17]. While camera-based
systems only reveal their added value in
applications that go beyond simple pres-
ence detection, passive infrared sensors
are the preferred solution for presence
control, particularly due to their simple in-
stallation and low costs [18]. However, this
detection technology is associated with
switch-off times to avoid disruptive false-off
rates due to incorrect absence detections
during inactive stationary activities. There
are also generalized specifications for the
switch-off time to ensure a high level of ap-
plicability. For example, the recommended
industry standard for passive infrared sen-
sors is in the range of 10 to 20 minutes
depending on the room type [19]. Since
individual occupancy patterns are generally
not taken into account, there is still consid-
erable potential for further savings, as this
article will show later.

Finally, the survey identified the collection
of individual environmental parameters at
the workplace as a frequently used user-
centered measure (Figure 2). However,
to assess the actual situation, energy and
indoor climate data are currently primar-
ily collected and made available to facility
management as a representative instance
in building operations (Figure 4). At 6%,
occupancy is barely used [10], although it
is a crucial information to derive measures
to improve building operation. The sub-
sequent application of evaluation routines
after commissioning to achieve improve-
ments in energy efficiency and comfort is
therefore currently significantly limited by
the lack of both real-time and historical
data.

Description of the
Living Lab

The Bartenbach R&D building in Aldrans
has been operating as a Living Lab since
2019. The implemented workflow enables
gathering relevant operational data, identify
improvement measures, implement them
through a dynamically expandable control
system, and evaluate their effectiveness.
Monitoring the success of implemented
systems is a crucial step that is often over-
looked in practice. However, it can uncover
significant potential for further improve-
ment.

To record the real situation, the open-plan
office (160 m?) was equipped with several
sensors (Figure 5). Presence is detected
both at individual workstation level and at
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the level of a lighting zone using passive
infrared sensors. To ensure the best possi-
ble utilization of presence information, the
detection range of the sensors was lim-
ited to the respective target area. This not
only allows energy-efficient control of the
artificial light depending on presence, but
also the derivation of workplace-related
occupancy profiles. To utilize the benefits
of zoning, the open-plan office designed
as a Living Lab is divided into nine sepa-
rately controllable zones (Figure 6), which
can accommodate 18 people regularly (2

people per zone) and 28 people maximum.

The five workstation zones on the south
facade are designed for a maximum of four
workstations each (Figure 6). The artifi-
cial lighting and daylight system can be
controlled individually for each workstation
zone.

Recording the illuminance per workplace
zone can not only be used to regulate the
individual lighting zone to the target illu-
minance (e.g., 500Ix) and evaluate the
daylight input in order to increase energy
efficiency, but can also be offset against
the occupancy at the workplace in combi-

b3y, 163% 6%

3,5% —o

27,9%

= Other

15,1%

Weather data

CO2-concentration
Energy consumption - whole building
Energy consumption - trade specific
= Environmental data
= [lluminance data
= Occupancy status

Figure 4: Answers from the market survey for the facility management focus group to the question of what

data is available (type of question: multiple choice, relevance in % of total number of valid responses) -

Image adapted from [10].
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Figure 5: Overview of the positioning of lighting-relevant sensors in the building section.

Figure 6: Floor plan of the Bartenbach Living Lab with nine separately controllable lighting zones.
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nation with the dimming level of the artifi-
cial light or the energy requirement of the
artificial light in order to generate energy-
weighted occupancy profiles. When eval-
uating zones with several people, the
logical-or linked occupancy profile is used.

Furthermore, the energy consumption of
the actuators, window openings and the
indoor climate as well as the outdoor sit-
uation are comprehensively recorded and
stored in the study object. All recorded
values are either logged at minute level
or for status changes. A programmable
logic controller serves both as the central
building control system and for logging
the sensor data and actuator statuses. All
user-related information is processed in
compliance with data protection regula-
tions.

As highlighted at the beginning, occupancy
behavior is shaped by socio-cultural fac-
tors and work processes. The work of the
employees in the Living Lab corresponds
to that of a project manager, which also
means more meetings. There is also the
possibility of flexible working hours be-
tween 6:00 and 20:00 with core working
hours in the building from Monday to Friday
from 9:00 to 12:00, as well as home office.

Further details on the study object can be
found in the previous article of this two-part
series [2].

Strategies for Reducing
Energy Consumption

The positive effect of zoning the lighting
system on energy requirements and user
satisfaction was emphasized at the be-
ginning of this article (see also [11]). In
addition, the zoning of lighting represents a
key starting point for further improvement
measures, which essentially aim to collect
individual occupancy profiles and make
them applicable in control systems to in-
crease energy efficiency. Some of them
have been systematically analyzed in the
Living Lab in recent years and evaluated
with regard to their effectiveness.

Adaptation of the Switch-off
Time to Real Occupancy
Patterns

Due to the organizational framework con-
ditions such as flextime regulations and
home office as well as the daily work rou-
tine of the employees in the study ob-
ject, which is characterized by meetings,
a strong dynamic can be recorded via

the attendance at individual workstations
recorded by the passive infrared sensors
(Figure 5). The individuality of the behav-
ior patterns can be clearly illustrated by a
direct comparison of the individual zones
(Figure 7). The more intense the orange
color, the higher the probability of being
present at the workplace. Dark gray areas,
on the other hand, indicate a low probabil-
ity of being present or no presence in the
respective zone (Figure 7).

In 2020, a study [6] was conducted that
used these inter-individual differences for

a user-centered adaptation of the currently
generalized switch-off times and evaluated
the resulting effects in terms of user accep-
tance and energy efficiency. In the study,
the relative frequencies of the periods of
inactivity for each workplace zone were
determined based on the recorded occu-

pancy times of the users at the workplace.
Based on this, the cumulative probabili-
ties of the minimum periods of absence
were derived (Figure 8). Considering the
distribution of the periods of inactivity, it
was possible to determine the point in time
at which a permanent absence is more
likely than a return of the person to the re-
spective workplace zone. By applying this
method, the switch-off times could not only
be individually adapted to the respective
behavior patterns in the individual zones,
but also significantly reduced compared to
the industry standard of 15 minutes (e.g.
to 4 minutes in Zone 7, see Figure 8). In
order to create smooth transitions between
the artificial light circuits and thus make
switching off less disruptive for neighboring
occupied lighting zones [20], the individual
switch-off times were initiated differently

Figure 7: Occupancy dynamics using the example of three zones from the study object, without switch-off

time, data period: Jan. 2022 to Jul. 2024.
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Figure 8: Cumulative relative probability of minimum absence duration — Image adapted from [6].
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using dimming procedures, which were
based on the underlying probabilities.

The reduced switch-off times implemented
for the period Sep. 2020 to Nov. 2020 in
the Living Lab. Acceptance was assessed
before and after implementation of the
reduced switch-off times by means of a
survey. A consistently high level of sys-
tem acceptance was demonstrated. In
addition, the higher sensor resolution of
the sensors at the individual workstation
proved to be decisive for reducing the false
off rates. The energy evaluation for the
period showed a reduction in the artificial
lighting energy requirement of approx. 17%
from 121.6 kWh to 100.4 kWh in the pe-
riod under review (Figure 9). It should be
noted that the energy requirement for arti-
ficial lighting in the building is limited to the

morning and evening hours due to the high
level of daylight autonomy. However, these
time periods are also typically subject to
increased occupancy dynamics. As a re-
sult, there is a potentially increased call-up
of the switch-off time in the study building,
which means that the savings achieved
cannot be generalized.

The advantage of the method used, how-
ever, is that derived switch-off times are
automatically adjusted when behavior
changes. A study conducted in 2024 [21]
concluded, that switch-off times can be
subject to temporal variability (Figure 10),
by segmenting the occupancy times at the
workplace into contiguous time series of
similar occupancy patterns over the Ham-
ming distance (tolerance level of one third).
Comparing the individual segments, the

600 -
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switch-off events

200

Number of artificial light

100 A

06 07 08 09 10 1" 12

in kW

power cor
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Artificial light switch-off events with a switch-off time of 15 min, detected via PIR ceiling sensors
= Artificial light switch-off events with a reduced switch-off time, detected via PIR ceiling sensors
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Electrical power with an artificial light switch-off time of 15 min, lighting controlled via PIR ceiling sensors
Electrical power with reduced switch-off times, lighting controlled via PIR ceiling sensors
——Electrical power with reduced switch-off times, lighting controlled via sensor network
Measured, averaged illuminance (daylight and artificial light)

Figure 9: Cumulative relative probability of minimum absence duration — Image adapted from [6].

Figure 10: Exemplary illustration for the variation of switch-off times for three lighting zones from the

open-plan office, occupancy times segmented via Hamming distance and derived using the methodology
from [6], based on the measurement period Jan. 2022 to Jul. 2024 — Image adapted from [21].

results showed significant changes in the
switch-off time within a zone (Wilcoxon
signed-rank test, p < .05). However, since
the adjustments in the method used were
always made retrospectively and not pre-
dictively, the follow-up study compared
various machine learning-based model-
ing approaches that use historical data
from the Living Lab to determine recom-
mendations for the length of the switch-off
time for future periods. The results showed
that ML methods may offer a sufficiently
high level of accuracy for the application
[21]. K-Nearest Neighbor Regression per-
forms best in terms of energy requirements
and computing time. On average, the co-
efficient of determination R2 for the best
models is in the range of 0.77 + 0.08. Val-
idation of the applicability by means of an
implementation in the control system of the
Living Lab is currently still pending.

While user-centered control approaches
prove to be promising for reducing energy
demand, they simultaneously present chal-
lenges, particularly in planning processes.
As the reliance on real-time decisions to
achieve lighting-related KPIs cannot be
adequately reflected in current simula-

tion assumptions, this would exacerbate
the existing performance gap. From this
perspective, not only are general improve-
ments in the operational energy efficiency
of systems essential, but also advance-
ments in their simulation capabilities. These
are indispensable for effectively and sus-
tainably transferring energy-positive poten-
tials into practical applications in the long
term.

Derivation of
Behavior-informed
Simulation Assumptions

Since the individual zones of the Living
Lab are used by several employees at the
same time, the artificial lighting energy re-
quirement of each lighting zone results
from a logical OR linking of the occupancy
patterns assigned to this lighting zone.
Based on the highlighted importance of
considering both the individual occupancy
patterns and the spatial variation of day-
light, a time-resolved artificial lighting en-
ergy profile can be created for each user
combination. Theoretically, user distribu-
tions in the room can be derived from the
recorded presence profiles at the individ-
ual workstations and the information on
the artificial lighting supplement required
to achieve the target illuminance, which
result in minimum or maximum energy con-
sumption. The resulting range constitutes
the potential error range of general simu-
lation assumptions. However, depending
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on the number of people, this can quickly
become a combinatorial problem, which
proves to be NP complete and therefore
cannot be computed in finite time. For this
reason, preliminary studies were carried
out to implement suitable methods that
make it possible to derive user distributions
in the room and thus subsequently derive
a potential error in the predicted energy
consumtion. The results of the preliminary
studies were already highlighted in the first
part of this article in the description of the
influence of occupancy behavior on energy
demand [2].

One of the previous studies relied on a
combination of Hungarian and Blossom al-
gorithms to derive such an energy-optimized
user distribution in the room (see details

in [22]). Based on a data collection from
the period Jul. 2021 to Nov. 2021, the
resulting span of approx. 83% from the
best-case to the worst-case scenario. The
minimum energy requirement was reduced
by approximately 30% compared to the
original user distribution in the room. Fur-
ther, the results also showed, that the influ-
ence of room positioning becomes much
more significant with better user matching
(Figure 11), indicating an intrinsic connec-
tion between the efficiency of individual
user pairings and their spatial distribution.
However, the method proves to be un-
suitable for deriving the relevant error from
simulation assumptions, since it can only
derive minima and maxima, whereas the
errors arise based on the distributions of
the deviations of all user pairings.

To correct this limitation, another study was
conducted in 2024, using an approach
based on creating sufficiently large sam-
ples using Monte Carlo simulation [23].
Over 10.24 million randomized variations of
user pairings were generated using high-
performance computing (HPC) in 60,000
core hours, based on a data set of occu-
pancy and lighting data from Feb. 2022 to
Jan. 2023 from the Living Lab presented.
The calculation was realized via several
parallel batches, which were implemented
on a total of 128 CPU cores from the VSC-
5 of the Vienna Scientific Cluster (Austrian
National Supercomputing Centre). Here,
too, user distributions in the room were
identified that estimate a significantly lower
energy requirement than the initial situa-
tion. For the study period from Feb. 2022
to Jan. 2023, the study [23] shows that
the best user distribution in terms of en-
ergy in the variations generated via HPC
has an artificial light energy requirement of
182.8 kWh. In comparison, the algorithm
from [22] would lead to an energy demand
of 178.3 kWh, around 2.5% better than
the HPC variant. The initial distribution to
people leads to an energy requirement of
237.32 kWh.

While both approaches are fundamentally
well-suited for deriving improved error es-
timations from current simulation assump-
tions, they are still subject to a significant
limitation that restricts their application in
real-world scenarios. These methods are
typically only applicable retrospectively, as
they are highly data intensive. This means

that, in most cases, the necessary data is
not available at the time when energy sim-
ulations are conducted, as user behavior
can only be observed after occupancy be-
gins. Therefore, a meaningful improvement
of current simulations and a reduction in
related errors require methods based on
model assumptions that utilize widely avail-
able data sources for modeling.

A study published in 2024 [24] introduced
a potentially effective method aimed at
modeling user behavior on an individual
level. The approach utilized Support Vec-
tor Regression (SVR) with a Radial Basis
Function (RBF) kernel and relied solely on
high-level data streams derived from in-
formation about work behavior. Data from
the Living Lab, collected between July
and November 2021, were used for mod-
eling. These included actual attendance
records, time-stamping data, and planned
absences extracted from Outlook calen-
dars.

Attendance was probabilistically modeled
in 10-minute intervals, then averaged on
an hourly basis and compared to the ac-
curacy of current simulation assumptions.
The results demonstrated a mean absolute
error of 5.01% in predictions—a significant
improvement over existing assumptions,
where errors for the same period ranged
between 25% and 30%. The highest mod-
eling error occurred between 12:00 and
1:00 PM, a time frame that can be consid-
ered negligible for energy analyses due to
the high availability of daylight.

Figure 11: Influence of the individual optimization steps on the artificial lighting energy requirement, data basis: R&D office of Bartenbach GmbH, Jul. 2021 to Nov.

2021- Image adapted from [22].
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Discussion

The results clearly demonstrate that the
use of behavioral information in artificial
lighting control systems can significantly
improve energy efficiency. This is partic-
ularly important because current limita-
tions in predicting the energy performance
of lighting systems lead to misconcep-
tions during planning processes, which
inevitably contribute to suboptimal imple-
mentations. Since facility management typ-
ically has limited opportunities to intervene
in control systems and often lacks ade-
quate data [10], manual adjustments after
commissioning are generally too cost- and
resource-intensive to justify compared to
potential energy savings. As a result, sub-
optimal system implementations are often
tolerated. Dynamically adaptable control
systems, therefore, show significant poten-
tial to overcome these existing limitations.

Additionally, dynamically adaptable con-
trols, combined with the collection of data
on user behavior and energy consump-
tion, form the basis for leveraging many
approaches currently being researched in
the scientific field, especially the applica-
tion of machine learning algorithms. The
potential lies not only in improving energy
efficiency but also in effectively addressing
comfort parameters. However, such imple-
mentations require sufficient data quality.
Wireless sensor networks can serve as a
useful tool in this context, offering the ad-
vantage of lower installation costs due to
the elimination of cabling. They also pro-
vide high flexibility in sensor placement
[25,26], which, along with the number and
coverage range of sensors, significantly
influences quality [6,27]. However, it is im-
portant to note that the energy required for
the production, operation, and disposal of
sensors must be weighed against the po-
tential energy savings, and the necessary
number of sensors increases with greater
zoning.

Nevertheless, zoned concepts prove to be
a fundamental requirement for addressing
existing potentials in a targeted manner.
The results of this two-part series suggest
that the energy benefits generally outweigh
the required sensor deployment. Moreover,
zoned concepts often lead to increased
acceptance among end users, as individual
comfort requirements can be better ad-
dressed. However, while zoning is not fun-
damentally seen as a planning challenge, it
plays a significant role in the development
of performance gaps because current sim-
ulation assumptions do not differentiate
between zones, e.g. all zones are based
on the same behavioral assumptions. Im-
proving understanding in this area, along
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with user models and their implementa-
tion in simulation procedures, is therefore a
basic requirement for achieving long-term
energy benefits in real-world applications.

Limitations

The results of the studies presented show
that energy consumption can be signif-
icantly reduced by better reflecting indi-
vidual occupancy behavior. However, the
building analyzed benefits from above-
average daylight autonomy (DA=81.56%,
cf. [2]), which means that artificial lighting
is often not required during the day. As the
occupancy pattern can differ significantly
from organization to organization and the
availability of daylight varies from building to
building, there may be greater fluctuations
in terms of energy savings. Further studies
under different organizational conditions
and for other building types are therefore
necessary to make general statements. For
example, the artificial lighting energy de-
mand in the study object is primarily limited
to the morning and evening hours, which
are strongly influenced by variable occu-
pancy times. The influence of occupancy
behavior could therefore be overestimated,
which could only be clarified by compara-
tive studies, which are currently lacking.

Conclusion

Since not all information about subsequent
building use is typically available in the early
planning phases, incorrect or insufficiently
precise planning assumptions can lead to
inefficient lighting system operation and
energy performance gaps. Monitoring and
analyzing operational data through post-
occupancy evaluations can serve as a ba-
sis for analyzing occupancy behavior and
initiating appropriate measures, such as
the methods presented, to improve energy
consumption. Directly integrating these
procedures into control systems would
help avoid unnecessary costs associated
with manual analyses while ensuring that
control processes adapt to changing en-
vironmental and usage conditions. At the
same time, the collected data is invaluable
for achieving a better understanding of sys-
tem usage. The theoretical usage patterns
derived from such analyses could signifi-
cantly improve current simulation accuracy
over the long term, helping to close energy
performance gaps sustainably.

However, many questions still need to be
answered from today’s perspective. Future
studies should focus on whether there are
seasonal effects on occupancy behavior
and how these influence the proposed

algorithms. Furthermore, the impact of
sociocultural and organization-specific
factors must be further broken down and
quantified to enable better predictions.
The increased use of machine learning in
building technology also requires closer
investigation in future studies to simplify
time-intensive analyses of real-world data
and account for the temporal dynamics
of occupancy behavior. At the same time,
it is essential to critically evaluate existing
limitations in this field, particularly regarding
inaccuracies, as these could significantly
affect user acceptance.

While the first part of this two-part article
series focused on studies highlighting the
current issues of user-related uncertainties
in planning and their impact on predicting
the energy demand of artificial lighting sys-
tems along with identifying and quantifying
key factors, the second part addresses
methods for retrospectively improving en-
ergy efficiency by leveraging behavioral
information at various levels. Such mea-
sures are becoming increasingly important
in light of current energy policy goals and
the fact that lighting accounts for a signifi-
cant share of a building’s energy demand.
Consequently, these methods should con-
tinue to receive adequate attention in the
research and development of lighting sys-
tems to contribute positively to current
societal challenges. ®
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There are more than 300 million street
lights in the world and they are found
on almost every urbanized street in the
developed and developing world.

A group of graduate students at
Barcelona’s Zigurat Institute® have
been looking at whether this enormous
infrastructure investment could be
leveraged for more than just lighting.
They have been considering whether
the next wave in the evolution of street
lights might involve the widespread
addition of smart city sensors to the
lights.

Multisensor deployment Salamanca, Spain.
Image credit: Signify.

Shttps://www.e-zigurat.com/en/smart-cities-masters
-program

Street lights are ubiquitous, structurally
secure, electrically powered and elevated
over the roadway. Increasingly, as they are
converted to LEDs, the street lights are
becoming digital devices and are being
paired with smart street lighting controls.
This combination of characteristics make
street lights a potentially ideal location to
host additional smart city sensors at low
cost. The sensors they could host might
measure traffic, climate, pollution or noise
parameters.

A key premise for the Zigurat project was
that the street light may ultimately be the
least expensive location to widely deploy
sensors in the public domain. If a sen-

sor can be directly plugged into a street
light, installation labor costs will be low.

No mounting bracket would be required
and no additional power supply infrastruc-
ture would be needed (e.g, wiring, conduit,
fuse, metering, metering box, surge pro-
tection). In some cases, where utilities own
the lighting, placing sensors on lights may
avoid complex pole access negotiations
and charges for pole access.

The Pivotal Role of the
Zhaga-D4i Standard

The Zhaga Consortium® is an industry as-
sociation of some 600 members that pub-
lishes industry standards for interfaces

of LEDs and other components within
lights. One of its industry standards, Zhaga
Book 18', addresses the interconnection
of components in outdoor lighting.

5https‘/w’zhagastandard.org

"https://zhagastandard.org/books/overview/smart-int
erface-between-outdoor-luminaires-and- sensing-com
munication-modules- 18.html

Image: Zhaga Consortium

Zhaga D4i luminaire.

The Book 18 standard has progressively
evolved to allow a two-node architecture
where, for example, a smart control de-
vice can sit on the top of the street light
and an additional sensor can be placed

on the bottom of the light (see image). The
sensor might be a motion sensor to help
control lighting levels but it could also be

a smart city sensor. Recognizing the po-
tential for street lighting to play a wider role
as a piece of smart city infrastructure, the
Zhaga Consortium staged an awards pro-
gram in 2023 for Smart City Sensors.”

The Zigurat project, while not affiliated with
the Zhaga Consortium, recognised the piv-
otal role that Zhaga Book 18 and the D4i
certification process is playing in shaping
the future of public lighting.

Database of Zhaga-based
Device Suppliers Released

While the market for Zhaga-based prod-
ucts is still relatively young, the Zigurat
project has identified 42 suppliers, globally,
offering Zhaga-based smart street lighting
controls, motion sensors and smart city
sensors. A table of these suppliers is in-
cluded in this article.

Bhltps //www.zhagastandard.org/zhaga-smartcityse
nsor-awards.html/
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Survey of Controls and
Sensor Suppliers

The Zigurat project team used the database
of suppliers to undertake a survey in mid-
2024. About half of the identified suppli-
ers participated in the survey with 21 re-
sponses received.

One of the key survey questions focused
on the international Zhaga-D4i product
certification regime” launched in 2021 in
conjunction with the DALI Alliance. At the
time of the survey, only 10 of the 42 sup-
pliers identified in the project had chosen
to certify one or more of their products. Of
the survey respondents, 20% were not in-
tending to seek certification or were unsure
that they would while a further 43% said
they were planning to or in the process of
seeking certification. However, the rate of
new certifications by suppliers who have
not previously certified a device appears
low in the public registry.'°

Based on the survey results and direct
feedback from suppliers, the project team
concluded that there was compelling evi-
dence of hesitancy to certify new products
by many suppliers despite the demon-
strated marketing benefits of having cer-
tified products. The survey didn’t include
end users and whether they valued the in-
teroperability conformation that Zhaga-DA4i
certification offers.

The project team also looked at the com-
munications approach being taken by the
suppliers of smart city sensors. Zhaga
Book 18 does not restrict how sensors
communicate. Sensor data can be chan-
nelled via the DALI Bus in the luminaire and
then transmit via the smart street lighting
controls device to the Central Manage-
ment System (CMS) for the lighting controls
provider. However, by not restricting how
sensors communicate, the Zhaga standard
also allows sensors to communicate in-
dependently. 63% of survey respondents
who sold smart city sensors said that they
were either communicating independently
via communication chips in their sensors
(e.g., via NB-loT or LoRaWAN) or preferred
to communicate independently given that
Zhaga Book 18 does not restrict the choice
of communications approach. Based on
the survey results and direct discussions
with suppliers of smart city sensors, the
project team concluded that trying to chan-
nel general purpose sensor data via the
DALI Bus and out to a street lighting CMS
was proving challenging for some suppli-
ers. The path of least resistance for many
suppliers was to include a communica-
tions chip in their sensor and send the data

lliance.org/zhaga-d4i
anc

ard.org/products.html

directly to their own CMS or to a general
smart city platform.

In terms of device costs, the survey results
indicated that 75% of smart street lighting
controls providers and 63% of motion sen-
sor suppliers were selling their devices for
less than 100 Euros. Costs for smart city
sensors were much more varied, ranging
from below 100 Euros to 600 Euros. The
project team concluded that the early stage
of the market for these smart city sensors,
the lower volumes and the complexity of
some sensors were the likely root causes
of the wide range of pricing.

The final survey question focused on the
motivation for suppliers to develop Zhaga-
based devices. An overwhelming 86% of
survey respondents cited the street light

as being a good location for many sensing
tasks while 71% said that their customers
were asking for the devices. In terms of
cost, 48% of suppliers believed that the
street light-based sensors were less ex-
pensive for their customers to purchase
and deploy while 43% said that they were
less expensive to produce than other sen-
sors. From the responses, the project team
concluded that there appeared to be a
widespread industry view that the street
lights are indeed a good location for many
sensing tasks and that customers want the
devices.

Conclusions

An ever-wider array of Zhaga-based smart
city sensors is continuing to emerge but
some barriers remain to widespead adop-
tion. Based on the relatively slow rate of
certifications and the evident preference of
suppliers for using independent commu-
nication technologies, the Zigurat project
team concluded that there would be ad-
vantages in more overtly promoting that
Zhaga Book 18 does not restrict how sen-
sors communicate and that sensors which
communicate independently can still meet
all certification requirements. Overall, cities
could benefit from both greater Zhaga-
based sensor choice, from sensors which
are compatible with their existing 10T net-
works and from the increased confidence
and lower risks which comes with more
sensors being independently certified.

The project team also recommended

that there be further studies monitoring
Zhaga-D4i adoption, development of more
case studies about early adoption, eco-
nomic analysis quantifying the benefits of
widespread use of street lights for hosting
of smart city sensors and made a series
of recommendations about greater stake-
holder engagement. B

Suppliers of Zhaga-Based Smart Street
Lighting Controls, Motion Sensors and
Smart City Sensors

e Algorab, ltaly

* Bega, Germany

e Carandini, Spain

e Changzhou Highland Smart Things
Technology, China

e Citygrid, Denmark

e Citylight, Latvia

e Climate Change Response, Australia

e Comlight, Norway

e edgemachines, Australia

* eSave, Switzerland

e Flashnet, Romania

e Fonda Tech, China

e Hynall, China

e iciti, Germany

e |[R-TEC, Taiwan

e Lacroix, France

e |egrand, France

e |Lixtec, Austria

e [ucy Zodion, United Kingdom

e [Lumenradio, Sweden

e [Lumos Controls, United States

* Mauglo, Latvia

* NAS, Norway

e Novaccess, Switzerland

e Olfer, Spain

e Paradox Engineering, Switzerland

e Remoticom, The Netherlands

e Saphi, Australia

e Schreder, Belgium

e Shanghai Long-Join Intelligent Technol-
ogy, China

e Shuncom AIOT, China

e Signify (Philips), The Netherlands

e SITECO, Germany

e Sundrax, United Kingdom

e TE Connectivity, United States

e Tridonic, Austria

e Tvilight, The Netherlands

e Vibe Lighting, Australia

e Westire, Ireland

e Xiamen lotcomm Technology, China

e X-LOGIC, Croatia

e Zumtobel Group, Austria

Produced by Sara El Feky, Karl Géransson,
Walter Longwe & Graham Mawer for the
Zigurat Institute Master’s in Global Smart
City Management. All content provided by
the suppliers with permission to publish

or collected from publicly available infor-
mation. All requests for changes to this
publicly available database should be sent
to: mailto:gmawer@nextenergy.com.au.
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LED Matrix Manager Empowers
High Density Automotive Intelligent
and Safe Front Light System

Jason BAI, Application Engineer at Analog Devices

The LED matrix manager provides
original equipment manufacturers
(OEMs) with an advanced front light
system that enhances safety and dis-
tinguishes their brand. It offers seam-
less integration, high performance
coupled with safety features, and ef-
fectively reduces electromagnetic
interference (EMI). Additionally, it in-
corporates a built-in logarithmic fade-
in/fade-out function, low RDS(ON), and
slew rate control for optimal operation.
This article will discuss how the LED
matrix manager can be used to elevate
the intelligence of automotive front
light system designs.

About the Author: Jason Bai is an appli-
cation engineer at Analog Devices and is
responsible for support and application of
automotive power products. Jason joined
Maxim Integrated (now part of Analog De-
vices) in 2020 and holds a master’s degree
in electrical engineering from Miami Univer-
sity (Ohio).

For more information visit
www.analog.com
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Introduction

The increasing adoption of intelligent front
light systems is primarily driven by safety
and the desire for unique brand identi-

ties. These systems are growing at a rate
of 8.3% annually [1]. They feature glare-
free high beams, LED, and matrix lighting,
which together form adaptive driving beam
(ADB) systems. These ADB systems elim-
inate the risk of blinding oncoming traffic.
To further enhance safety and comfort for
drivers, automotive OEMs are incorporating
additional adaptive lighting functions (AFS)
like cornering light and dynamic curve light.

The LED matrix manager plays a crucial
role by efficiently managing current for
matrix and pixel lighting. It typically con-
trols LED voltage (up to 65V) using 6 to
12 integrated switches, simplifying design
and saving time. Its integrated MOSFET,
rated between 5V and 14V, has a low on-
resistance RDS(ON), allowing it to handle
LED currents up to 2 A.

Additionally, the LED matrix manager offers
an optimal pulse-width modulation (PWM)
dimming setup with exceptional perfor-
mance. This includes smooth transitions
between PWM dimming states and the op-
tion for internal or external clock control for
PWM dimming.

The rapid advancements in the dimming

performance of the LED matrix manager

are contributing significantly to increased
safety, improved driving experiences, and
enhanced brand identities.

Advantages of LED
Headlights

Currently, automobiles use halogen, xenon,
or LED lamps for their front lights. Xenon
lamps were common in higher end vehicles
for a while, but now LED lamps are becom-
ing more popular. It’s likely that LED lamps
will soon be the most common choice.

The differences among these lamps are
summarized in Table 1. LED lamps are
brighter than halogen, but not as bright

as xenon. Xenon lamps can be too daz-
zling at night. Typically, halogen lamps
use only 20% of their power for light, while
LED lamps use 80% [2]. Even though LED
lamps cost more initially, their long lifespan
and energy efficiency can save money in
the long run. They are also smaller, giving
carmakers more design freedom for head-
lights.

Low

Brightness High Medium
Energy Efficiency Low Medium High
Lifespan Short Medium Very long
Size Large Large Small
Price Low Medium High

Table 1: Comparison between halogen lamp,
Xenon lamp, and LED lamp.

LED Exterior Front Light
System Overview

A front light system as shown in Figure 1
includes a microcontroller, voltage sources,
current sources, and LED lamps. The mi-
crocontroller, referred to as the LED mod-
ule (LM), is situated outside of the lamps.
It's commonly known as the LED control
module (LCM). The LCM often employs
the CAN bus to communicate and mon-
itor the status of the LM, including fea-
tures like animation and brightness. Inside
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the LCM, buck-boost topologies are fre-
quently used as LED drivers, allowing them
to accommodate different LM configu-
rations, such as 6 or 12 LEDs in a single
LM. In Figure 1, the LED driver within the
LCM comprises both voltage and current
sources. Typically, the voltage sources ad-
just the battery voltage to a higher level,
determined by the number of LEDs, while
the current sources deliver a consistent
current to the LM and lower the boosted
voltage.

The automotive exterior front lighting sys-
tem has several lighting functions, including
a low beam headlamp (LB), high beam
headlamp (HB), daytime running light
(DRL), front position lamp (PL), and turn
indicator. Depending on the specific light-
ing functions, the LM is set up with varying
numbers and colors of LEDs. This means
the LCM must provide the appropriate cur-
rent source to regulate brightness. To save
costs, manufacturers might integrate two
or more lighting functions into a single LM,
like combining daytime running light and
front position light.

The LED matrix managers, such as the
MAX25608, are used to control LEDs indi-
vidually with different dimming scenarios,
such as welcome functions and a wip-

ing indicator. The LED matrix managers
consists of multiple switches that can be
independently programmed to bypass the
LEDs across each of the switches in the
string. Each switch can be turned fully on,
fully off, or dimmed with or without fade-
transition mode. The dim frequency is set
by an internal oscillator or set to an external
clock source.

LED Control Module

MAX20096/

Smart Lighting Function:
ADB

The ADB systems are a smart HB con-
trol system that can adaptively adjust the
beam pattern based on driving conditions.
The full high beam can be distracting to
oncoming drivers and pedestrians. The
adaptive capabilities of an ADB system
can automatically turn the bright lights off
or partially beam to avoid dazzling drivers
and pedestrians. Based on different head-
light resolution requirements, the LM of
an ADB system would consist of four or
more LED matrix managers to control four
or more LED zones. With an LED matrix
manager, ADB systems can be easily im-
plemented and LEDs in an ADB system
can be dimmed individually.

Fault Detection and
Protection of LED Matrix
Manager

Detecting if LEDs are open or shorted is vi-
tal for safety. A system with safety features
reduces the impact of potential failures.
Checking for open or shorted LEDs in the
headlight system helps catch any issues
that might occur. The LED matrix manager
naturally provides protection against short
circuits and open circuits. The MAX25608
keeps track of any faults related to open

or short circuits. The open-LED fault is
triggered when the voltage between the
individual LED switch drain node (Figure 2)
and the switch source node exceeds the
open threshold and is reported in the sta-
tus register. As shown in Figure 3, the
voltage cross switch is 4.88V, which trig-
gers an LED open fault, when open thresh-
old is set to 4.66 V. A short LED fault is
triggered when the voltage between the

DR/PL- LED Module - Single
LED Matrix Manager

BOOST VBoosT! Dual Buck
MAX25202|

BATJ:_
GNDI

MAX20097

Dual Buck

MAX20096/
MAX20097

Dual Buck
MA
MAX20087

CANPHY

|®

-

{CAN _UART| MAX25608B  |<—=]

UART UART

[E5a]—{ [

Figure 1: An LED front light system.
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switch drain node and the switch source
node is below the short threshold for an
open switch condition and is reported in
the status register. Figure 4 provides an
example, whereby the voltage cross switch
is 2.4V, which triggers an LED short fault
when the short threshold is set to 1.4 V.

External é
Current Source

Drain1l

Drain Node

- Source Node
Drain10

1
SIS

Drain9
Registers
and Control Logic

Drain1

Drain0

SRS

_‘

Figure 2: LED fault detection.
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Figure 3: The MAX25608 LED open detection

(Channel 2: Drain voltage; Channel 3: FLTB;
Channel 4: LED current).
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Figure 4: The MAX25608 LED short detection
(Channel 2: Drain voltage; Channel 3: FLTB;
Channel 4: LED current).

Safe UART Communication
Protocol

ADI's MAX25608 provides multidrop uni-
versal asynchronous receiver-transmitter
(UART) communications between the mi-
crocontroller and up to 16 MAX25608 de-
vices. The write and read command exam-
ples are shown in Figure 5 and Figure 6.
To ensure data security, the read/write
transactions are protected using a 3-bit

Review (LpR) | Lighting Technologies & Design 51



AUTOMOTIVE

LED MATRIX MANAGER

< <>

cyclic redundancy check (CRC) on the
packet. If the microcontroller transmits a
data packet with an incorrect CRC, the
MAX25608 does not reply and discards the
attempted communication.

In the event of lost communication, the
UART watchdog feature of the MAX25608
sets the switches into a preconfigured
state. When a microcontroller commu-
nication line is inactive for more than the
set time, the fault indicator is on, and the
LEDs enter a preconfigured state if the
UART watchdog is enabled. As shown in
Figure 7, the UART watchdog timer is set
to 500 ms. After a UART receiver signal is
inactive for 480 ms, the LEDs are turned off
since the preconfigured state is off.

U ' ()
08 T £ & E ¢ O S (T - 0 I

...
Bl 0000

O 00 ST ) S B

Figure 6: An example of a read command.

Performance metrics such as thermal and
EMI performance can easily be evaluated.
As shown in Figure 8, the matrix manager
is driven by the MAX25601 boost buck
LED driver with all switches closed on the
matrix manager and provide a 1.5 A output
to 12 LEDs. Under a room temperature
environment, only a 30.4°C temperature
rise is captured.

Tek Prevu | —
. a2V
\J | l I | l ‘ @172V
|
A:+480ms
ST @:-168ms
® 1
i
i
! -
1
i
i
S ] L]
2
T
i
i
CH1 2.00V CH25.00V M200ms A CH3 L1.04V

[fEd 2.00V CH4 1.00AQ
Figure 7: The MAX25608 UART watchdog func-
tion (Channel 1: UART receiver; Channel 2: Drain
voltage; Channel 3: FLTB; Channel 4: LED cur-
rent).
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Performance of the LED
Matrix Manager

ADI's MAX25608 offers advanced integra-
tion, high performance and safety, flexibil-
ity, and EMI mitigation functionality such as
the following:

¢ Integration: Provides built-in logarithmic
fade-in/fade-out capability that simplifies
LED programmability and reduces taxa-
tion on system bus lines.

e High performance and safety: Features
advanced fault protection and manage-
ment for open, short, and open-trace
LED detection. Low RDS(ON) safely en-
ables high LED current.

* Flexibility: Supports multiple ICs to man-
age large LED pixel counts; allows de-
signers to configure LED groups, such
as 1 string x 12 series switches, and 2
strings x 6 series switches.

e EMI mitigation: Slew-rate control re-
duces EMI and noise.

Figure 8: The MAX25608 thermal camera cap-
ture under 1.5 A condition.

Under the same test environment ofa 1 A
output to 12 LEDs, EMI results show no
spikes due to the MAX25608’s proprietary

charge pump design as shown in Figure 9.

The MAX25608 is driven by the MAX25600
H-bridge LED driver with two LEDs at

each channel. A 4.7 uF output cap and

a filter (1 pH + 0.1 pF) are added to the
MAX25600. The current spike is measured
while dimming, as shown in Figure 10.

s & 5 8 3

Figure 9: A conducted EMI of the MAX25608.
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Figure 10: Current spikes during dimming.

Conclusion

As the trend of vehicle electrification and
intelligence is growing fast, the lighting
system has become an increasingly impor-
tant feature in present and future vehicle
designs. The lighting system is character-
ized by flexibility, efficiency, reliability, and
more personalized and artistic effects. ADB
and AFS are considered advanced safety
features. In these designs, an accurate,
efficient, and reliable LED manager for the
LED matrix is required. M
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LUMILEDS

Exploring Innovation in Lighting: Advanced Solutions for
High-Density Multi-Color LED Arrays and Revolutionary Automotive

Body lllumination.

Talk#1:

Challenges and Solutions
when Designing Large
Cluster Multi-color LED
Sources

Rob Engelen’s presentation delves into
the challenges and solutions for design-
ing high-density, multi-color LED arrays for
applications such as architectural, stage,
and studio lighting. The presentation em-
phasizes achieving optimal light output,
color mixing, thermal management, and
compact LED packaging to meet mod-
ern lighting demands. A central focus is
resolving conflicting design requirements,
such as the preference for large LED dies
to maximize light performance versus the
need for small packages to ensure close-
packing of LEDs.

To address these challenges, the presen-
tation discusses advanced technologies.
For thermal management, heat dissipa-
tion solutions include the use of innovative
PCB substrates such as ceramic, insu-
lated metal substrates (IMS) with copper
pedestals, and advanced heat sink de-
signs. These designs enable high drive cur-
rents, efficient heat transfer, and reduced
noise by eliminating fans. Electrical routing
is optimized using a three-stripe footprint
to enable compact, efficient layouts while
enhancing color mixing through better ran-
domization of individual colors.

For more information visit:
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Talk#2:
Expanding the Horizons of
Car Body Lighting

Dr. Thorsten Anger’s presentation, “Ex-
panding the Horizons of Car Body Light-
ing,” highlights innovations in automotive
lighting design, emphasizing cutting-edge
technologies that balance styling, func-
tionality, and market feasibility. It explores
diverse applications, including singular

lit elements, backlit surfaces, and three-
dimensional illuminated structures, tailored
to unique vehicle designs.

The presentation identifies challenges in
adapting advanced lighting technologies,
typically reserved for high-end vehicles, to
mainstream platforms. Lumileds addresses
this with scalable, modular solutions that
prioritize efficiency, cost-effectiveness, and
sustainability. Key innovations include the
LUXEON Versat 2016 LED Family for cus-
tomizable brightness and spectral tuning,
Dynamic Signature Lights with 192 individ-
ually addressable pixels for dynamic styling,
and the LUXEON 3D LED Series, a flexible
solution for slim, elongated designs. The
Coin Concept Design introduces modular,
efficient single-emitter solutions optimized
for safety and easy integration.

Advanced technical features like collimator
lenses, diffuse film covers, and optimized
geometries enhance luminous efficiency
and uniformity, catering to large, curved
surfaces while ensuring high-performance
optical quality. Lumileds’ focus on sustain-
ability is evident through recyclable mate-
rials and automated, modular integration
systems designed for mass production.
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Lighting Outlook

The March/April 2025 issue of LpR Magazine
offers a diverse lineup of content focused on
the latest developments in the lighting indus-
try. Highlights include a Pre-Show Report

on Lightfair International 2025, previewing
trends and innovations expected at the Las
Vegas event. The issue features an exclusive
interview with Prof. Dr. Hao Luoxi, a global
expert in illumination and urban planning,
discussing advancements in lighting edu-
cation and design. A company spotlight on
SunLED showcases its leadership in LED
component manufacturing, emphasizing in-
novation and reliability. The Innoscience GaN
LED Driver article explores the transforma-
tive benefits of Gallium Nitride technology

in LED applications, such as improved ef-
ficiency and compact designs. Additional
content includes a white paper from mwCon-
nect on connectivity solutions and an article
on Polab’s groundbreaking streetlighting
technology with innovative LED headlamps.
Alltogether, this issue provides cutting-edge
insights into lighting technology and applica-
tions for professionals worldwide.

* Subject to change without notice.
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Cover Page: The Notre-Dame Cathedral

in Paris — a UNESCO World Heritage Site
since 1991 — was recently reopened, five
years after the devastating fire. Regarding the
professional lighting solution, the Zumtobel
Group supported artist and lighting designer
Patrick Rimoux, who was commissioned for
the overall lighting design, with state-of-the-
art lighting technology and decades of exper-
tise in illuminating the vaults of the nave. The
successful “Renaissance” of Notre-Dame
was made possible not only by the Austrian
Zumtobel Group - represented by its Paris-
based Zumtobel brand and Thorn Lighting —
but also through contributions from several
other lighting experts.

Image: © Julio Piatti / Cathédrale Notre-
Dame de Paris.
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