MSTD PRO CISLO PROKAZXY FRODECE



Q véda

Evropsky projekt
Tuples, s Ulasti
vyzkumniké z FEL CVUT,
vyviji divéryhodnou
umélou inteligenci

pro rozhodovani.
Systém uz nyni chytre
planuje svoz odpadu

ve méstech.

Text: Lenka Kynclova, foto: projekt Tuples

Kdyz Al vi, kam s odpadky:
novy pohled na mestske planovani

Uméla inteligence organizuje sbér
odpadu a vysvétli proc

Predstavte si mésto, kde svoz odpadu
neridi jen lidé, ale i uméla inteligence.
A to ne v laboratofi nebo futuristickém
sci-fi. Tento scénar se stava realitou diky
evropskému projektu Tuples, na némz se
podileji i vyzkumnici z Fakulty elektro-
technické CVUT v Praze. Cil projektu? Vy-
vinout systémy umélé inteligence, které
lidem pomahaji planovat a rozhodovat —
a pritom jim dokaZou jasné vysvétlit, pro¢
se rozhodly praveé tak.

Projekt Tuples (TrUstworthy Planning
and Scheduling with Learning and Expla-
nationS) spojuje akademiky a firmy z celé
Evropy — od KU Leuven pres Airbus az
po startupy zamérené na sportovni data.
Spole¢né hledaji zplsob, jak propojit vy-
hody tradi¢nich pfistupl (srozumitelnost
a logika) s modernim ucenim z dat (adap-
tabilita a vykonnost).

Jednim z péti konkrétnich pfipadd, na
kterych Tuples testuje své technologie, je
i sbér komunalniho odpadu. A pravé ten
ukazuje, jak mlze Al zlepsit kazdodenni
Zivot mést a jejich obyvatel.

Kam s nim? A kdy?

Zajisténi pravidelného a efektivniho svo-
zu odpadu je slozitéjsi, nez se mlze na
prvni pohled zdat. Mésta musi planovat
trasy tak, aby vozy zvladly obslouZit co
nejvice lokalit s co nejmensim poctem
kilometr(, v¢as a zaroven s ohledem na
kapacitu nadob, dopravni omezeni nebo
vypadky techniky.

Dnes podobné operace cCasto fidi lidé
manualné nebo pomoci jednoduchych
nastrojl. Vysledkem byva neefektivni
provoz — zbytecné prejezdy, pretizené
trasy nebo nedostatecné vyvezené kon-
tejnery. Pravé v tom miZe pomoci uméla
inteligence, kterou v rdmci Tuples vyvijeji
i odbornici z CVUT.

Systém vyuziva data o trasach, na-
plnénosti kontejnerll, dopravni situaci i
poCasi a automaticky navrhuje optimalni
plan svozu. Pokud napfiklad dojde k vy-
padku jednoho vozu nebo je néktera uli-
ce uzaviena, Al okamZité prepocita plan
a nabidne alternativni trasu.

Diivéiuj, ale ovéruj

Jednim z hlavnich cilG projektu Tuples
je vybudovat dlvéru v Al. Lidé se Cas-
to zdrahaji predat rozhodovani strojdim
praveé proto, Ze jim nerozumi. Proto védci
kombinuji pFistupy, které umoznuji ne-
jen chytfe rozhodovat, ale i vysledky vy-
svétlit, obhajit a pfizplsobit konkrétnim
podminkam.

Ve sbéru odpadu to znamena tfeba
zohlednéni no¢niho klidu v obytnych
Ctvrtich, docasnych zakaz{l vjezdu nebo
potfeby obslouzit urcité lokality v presné
dany cas. VSechno toto zvladne systém
zahrnout do svého vypoctu — a pokud se
okolnosti zméni, v redlném Case nabidne
novy plan.

Mésta bez zbytecnych prejezdi
Prinos takové Al je jednoznacny: Uspora
paliva, nizsi emise, méné hluku, méné po-

ruch a vyssi spolehlivost sluzby pro obca-
ny. Navic mésta mohou diky datlim ziskat
hlubsi pfehled o tom, jak jejich odpadové
hospodafstvi skutecné funguje — a kde
je prostor ke zlepSeni.

AI pomaha i pilotim nebo
sportovnim manazertiim

Kromé komunalni sféry vyuziva projekt
Tuples své technologie i v dalSich od-
vétvich. V letectvi pomaha s planova-
nim vyroby letadel a asistenci pilotdm
béhem letu, kde AI navrhuje optimalni
rozhodnuti v krizovych situacich a za-
roven je dokaze lidské posadce srozu-
mitelné zddvodnit. V oblasti energetiky
AI optimalizuje provoz distribucnich siti
s ohledem na proménlivé zatizeni a
obnovitelné zdroje. A v profesionalnim
sportu — napriklad ve fotbale — asistuje
manazerlm pfi sestavovani tym0 na
zakladé vykonovych dat a taktickych
potreb. I zde je klicové, ze Al nabizi ne-
jen vysledek, ale i dévod, proc je dané
feSeni vhodné.

Projekt Tuples tak ukazuje, Zze uméla
inteligence nemusi byt jen abstraktni
pojem nebo hrozba z film@. Je to prak-
ticky nastroj, jehoz pfinos pocitime i na
ulici pfed nasim domem. Diky expertlim
z CVUT a jejich partner@im z celé Evropy
mdzZe mit AI brzy ddlezité slovo v tom,
kdy a jak bude vyvezen vas odpad —
a proc¢ pravé tak. °

Text vznikl ve spoluprdci s FEL CVUT.



The European project Tuples,
with the participation of
researchers from the Faculty
of Electrical Engineering at
CTU, is developing
trustworthy artificial
intelligence for decision-
making. The system is
already cleverly planning
waste collection in cities.

When Al knows where the
trash goes:

A new perspective on urban
planning

Artificial intelligence
organizes waste collection —
and explains why.

Imagine a city where waste
collection is managed not
only by humans, but also by
artificial intelligence. And not
in a lab or in some futuristic
sci-fi world. This scenario is
becoming reality thanks to
the European Tuples project,
in which researchers from the
Faculty of Electrical
Engineering at CTU in Prague
are also involved. The goal of
the project? To develop Al
systems that help people plan
and make decisions — while
clearly explaining why a
particular choice was made.

The Tuples project
(TrUstworthy Planning and
Scheduling with Learning and
ExplanationS) brings together
academics and companies
from across Europe — from KU
Leuven to Airbus and startups
focused on sports data.
Together, they seek ways to
combine the strengths of
traditional approaches (clarity
and logic) with modern data-
driven learning (adaptability
and performance).

One of the five concrete use
cases where Tuples is testing
its technologies is municipal
waste collection. And this is
precisely where Al shows how
it can improve the daily lives
of cities and their residents.

Where to? And when?
Ensuring regular and efficient
waste collection is more
complex than it may seem at
first glance. Cities must plan
routes in such a way that
trucks can serve as many
locations as possible with the
fewest kilometers driven, on
time, and with regard to
container capacities, traffic
restrictions, or equipment
failures.

Today, such operations are
often managed manually or
using simple tools. The result
is usually inefficient
operations — unnecessary
trips, overloaded routes, or
inadequately emptied
containers. This is where
artificial intelligence
developed under the Tuples
project, including by CTU
experts, can help.

The system uses data on
routes, container fill levels,
traffic conditions, and even
weather to automatically
propose an optimal collection
plan. For example, if a truck
breaks down or a street is
closed, the Al immediately
recalculates the plan and
offers an alternative route.

Trust, but verify

One of the main goals of the
Tuples project is to build trust
in Al. People are often
reluctant to delegate
decision-making to machines
precisely because they don't
understand them. That’s why
researchers are combining
approaches that not only
allow for smart decision-
making but also enable the
results to be explained,
justified, and adapted to
specific conditions.

In waste collection, this might
mean taking into account
nighttime noise restrictions in
residential areas, temporary
no-entry zones, or the need
to serve certain locations at a

specific time. The system is
capable of factoring all of this
into its calculations — and if
circumstances change, it
provides a new planin real
time.

Waste collection without
unnecessary trips

The benefits of such Al are
clear: fuel savings, lower
emissions, less noise, fewer
breakdowns, and greater
service reliability for citizens.
Moreover, with the help of
data, cities can gain deeper
insights into how their waste
management actually
functions —and where there’s
room for improvement.

Al helps pilots and sports
managers too

Beyond the municipal sector,
the Tuples project is also
applying its technologies in
other fields. In aviation, it
supports aircraft production
planning and assists pilots
during flight, offering optimal
decisions in crisis situations —
and clearly explaining them to
the human crew. In the energy
sector, Al optimizes the
operation of distribution
networks based on variable
loads and renewable energy
sources. And in professional
sports — for instance, football
— it assists managers in
forming teams based on
performance data and tactical
needs. Again, the key is that Al
provides not just an outcome,
but also a rationale for why a
given solution is suitable.

The Tuples project thus shows
that artificial intelligence
doesn’t have to be just an
abstract concept or a threat
from movies. It is a practical
tool whose benefits we may
feel right outside our front
doors. Thanks to experts from
CTU and their partners from
across Europe, Al could soon
play a key role in deciding
when and how your trash is
collected — and why.



