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Reconfigurable intelligent surfaces (RIS) are a new technology that
can improve wireless networks by turning ordinary surfaces, like
"\ HRDAYA walls or ceilings, into tools for communication. These “smart mirrors”
AGE: 11 reflect and adjust signals, making networks faster, more reliable, and
more energy efficient. RIS are already being tested to boost Wi-Fi
in smart homes, improve connectivity in smart factories to ensure
smooth operations, and help devices like fitness trackers and farm
sensors communicate better and last longer. While RIS have great
potential, there are challenges to solve. The materials and systems
needed for RIS are expensive, and clear rules are needed to ensure
they work safely without interfering with other devices. Despite these
hurdles, by making networks smarter and greener, RIS could create
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RECONFIGURABLE
INTELLIGENT
SURFACES

Smart surfaces that act
like mirrors, adjusting
themselves to improve
wireless signals, saving
energy, and making
networks work better.

METAMATERIALS

Special materials
designed at a tiny scale
using structures called
unit cells. These
materials can do things
natural materials
cannot, like bending
wireless signals around
obstacles.

ELECTROMAGNETIC
WAVES

Invisible waves that
carry energy, like light,
radio, or Wi-Fi signals,
allowing devices to
send and receive
information.

a future where wireless communication is faster, more efficient, and
better for the planet.

THE WORLD NEEDS GREENER NETWORKS

Have you ever wondered how the devices we use every day, like
smartphones, laptops, and smart home devices, work? They all rely
on the internet—and behind the internet are networks. Networks
are systems that move information between devices, helping billions
of people stay connected through video calls, online games, and
streaming. But as more people use the internet every day, these
networks need to be faster, more reliable, and better for the
environment. Right now, they use a lot of energy, which increases
carbon emissions and harms the planet. With new technologies like
6G networks on the way, the challenge is to meet our growing internet
demands without making climate change a lot worse.

What if our wireless networks could work smarter, not harder?
Traditional wireless systems must deliver strong, consistent signals
from communication towers to our devices—often through walls,
buildings, or other obstacles that weaken the connection. To fix this,
wireless networks rely on powerful transmitters—devices that help
send powerful signals over long distances—but these use a lot of
energy. Instead, imagine if a building’s walls or ceilings could become
active parts of the network, directing wireless signals in specific
directions to make sure they reach devices efficiently. This could boost
connectivity, save energy, and protect the environment.

EMERGING TECHNOLOGY: RECONFIGURABLE INTELLIGENT
SURFACES

Reconfigurable intelligent surfaces (RIS) are advanced technologies
that can improve wireless signals by turning ordinary surfaces,
like walls or ceilings, into tools for wireless communication [1].
"Reconfigurable” means the surface can be adjusted or changed as
needed to direct signals more efficiently, and “intelligent” refers to the
system’s ability to analyze its environment and make decisions in real
time. You can think of RIS as “smart mirrors” that reflect signals exactly
where they are needed, like bouncing a beam of light to illuminate a
dark corner.

These smart surfaces are made of metamaterials—unique materials
designed at the microscopic level to do things natural materials
cannot. Tiny structures that make up the metamaterials, called unit
cells, interact with electromagnetic waves (like Wi-Fi or phone signals)
to adjust the signal’s direction or strength. Unlike regular materials that
simply absorb or reflect signals without changing them, metamaterials
can bend waves around obstacles or focus them like a lens. For
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SMART
ALGORITHMS

Computer programs
that act like "brains”,
using calculations and
rules to make
decisions, like how to
direct wireless signals.

SIGNAL
PROCESSING

Analyzing waves of
data, such as internet
or phone signals, to
understand how they
are behaving and
improve their
performance.

INTERNET OF
THINGS

A network of everyday
objects, like smart

home devices or fitness

trackers, that are
connected to the
internet and share
information.

SMART FACTORIES

Factories that use
advanced technology,

like sensors and robots,

to share information,
improve efficiency, and
reduce waste.

instance, in a crowded office building where signals have trouble
reaching all areas, RIS on the walls could redirect Wi-Fi signals
around barriers, to ensure that everyone in the building has a strong
connection.

RIS rely on smart algorithms and signal processing to figure out how
to adjust the signal. Smart algorithms act like the “brains” of the system,
calculating the best way to handle wireless signals. Signal processing
analyzes data about the signals, such as how many people are
connected or whether walls or obstacles are blocking the signal. Using
this real-time information, an RIS can adjust itself to strengthen the
signal, send it around obstacles, or focus it in the right direction.

This technology could save energy by reducing the need for powerful
transmitters, which use a lot of electricity. By making signals more
precise, RIS offer a greener, more efficient way to build wireless
networks for the future [2, 3].

TECH TO THE RESCUE

RIS are being tested in several industries to see if they can solve
real-world problems (Figure 1) [4]. One important use is in the internet
of things (loT), a network of everyday objects—like smart home
devices, wearable fitness trackers, or sensors in farmers’ fields—that
connect to the internet and “talk” to each other. These devices can
make life easier and safer by sharing information. For example, a smart
thermostat might adjust your home's temperature based on data from
a weather app, or a fitness tracker on your watch could send your step
count to a health app on your phone. |oT devices often run on small
batteries and need strong, reliable wireless signals to work well. RIS
can reflect signals directly to these devices, reducing energy use and
helping batteries last longer.

In a smart home, RIS panels on walls or ceilings could boost Wi-Fi
signals so devices in every room have a strong connection. On a farm,
sensors might track soil moisture and send the data to a farmer’s
phone. RIS panels on barns or towers could ensure these sensors
communicate over long distances without draining their batteries. RIS
also show promise is in smart factories, where machines and sensors
constantly share data to keep operations running smoothly. Factories
often have lots of metal machinery and other obstacles that can block
wireless signals. RIS panels installed on walls, ceilings, or equipment
could redirect signals around obstacles, ensuring that all machines and
sensors stay connected. For example, a RIS-enhanced factory might
use robotic arms to assemble products on one side of the building,
while sensors monitor equipment performance on the other side.
Instead of signals getting lost in the maze of machinery, RIS could
bounce them efficiently to where they are needed, reducing downtime
and improving productivity.
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Figure 1

RIS can improve
wireless
communication by
turning ordinary
surfaces into part of a
wireless network. (A)
RIS panels on barns or
other farm buildings
could communicate

with sensors in farmers'

fields to track soil or
crop conditions. (B) In
smart factories, RIS
could help wireless
signals get around
bulky equipment and
other obstacles,
ensuring that factories
run smoothly by
keeping machines and
sensors connected. (C)
RIS panels on road
signs could
communicate with
passing cars, providing
drivers with updates on
road conditions and
helping to prevent
accidents.
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Figure 1

RIS could also make roads safer, by helping cars and traffic systems to
“talk” to each other. For instance, RIS panels on highway signs could
provide drivers with real-time updates about traffic jams or other road
hazards, improving traffic flow and preventing accidents.

BIG CHALLENGES, BIGGER OPPORTUNITIES

There are a few challenges still to be solved before RIS can become a
common part of our wireless networks.

One big hurdle is the cost. The special metamaterials and advanced
systems needed for RIS are expensive, which makes it hard to use this
technology in many places. Researchers are working on ways to lower
costs so RIS can be used more widely. Another challenge is setting
clear rules and standards. RIS interact with electromagnetic waves, so
it is important to make sure that they work safely without interfering
with other devices that rely on the same signals, like cell phones, Wi-Fi
routers, or GPS systems.
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Despite these challenges, the future of RIS looks bright. Big technology
companies, are investing in this technology, increasing the likelihood
that it will play an important role in future communication networks.
By turning ordinary surfaces into intelligent tools for wireless
communication, RIS could help create networks that are smarter,
greener, and more reliable for everyone.
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