< LKAB

Examensarbete / Thesis work

Rubrik / Title

MACHINE LEARNING FOR FLAME IMAGE ANALYSIS

Uppdragets bakgrund /Background of the assignment

LKAB seeks to decrease the dependency of fossil-fuels in their rotary kilns by replacing them with renewable energy
sources. One option to reduce carbon emissions is hydrogen gas. However, the fuel switch alters the flue gas
composition and the flame temperature profiles in the kilns, which may be disadvantageous for the product heat
treatment. To be able to measure the conditions in the kiln is key to the design of an efficient new fossil free kiln. Many
measurement techniques are limited by the low access and the high temperatures, especially at industrial scale. This
work seeks to combine optical measurement techniques and modelling tools with help of machine learning to form a
powerful tool to characterize the composition and the temperature of the kiln volume.
The Swedish mining company LKAB is a producer of iron ore and employs a high-temperature process for heating the
iron ore into to the sintered pellets sold to the steel industry. The heat treatment of the iron ore material occurs in
cylindrical rotating furnaces, known as rotary kilns, which are commonly fueled by continuous combustion of fossil-based
fuels. LKAB operates four rotary kilns for iron ore heat treatment in Kiruna and Svappavaara.

Problemstadllning / Problem statement

The objective of the proposed thesis is to develop a method to define the temperature and
concentration field within a rotary kiln. The work applies a machine learning code to an
in-house radiation model built in MATLAB to interpret optical measurement of the kiln
combustion process. The radiation model simulates a camera positioned at a fixed
location within a kiln furnace and calculates the incident radiation that the camera detects.
The output is a generated image like the photos of Figure 1, as well as the estimated
radiative heat transfer conditions.

Studentens profil / Student's profile Ex Onskad utbildning. Kunskaper inom... Intresserad av... / Ideal Education. Knowledge about... Intrested in...
For 1-2 students from Mechanical-, Chemical Engineering, Engineering Physics or similar.

The ideal candidate should:

Have a basic understanding of thermal radiation and heat transfer.
Knowledge in using CFD software (ex. Fluent, STAR-CCM+, etc.).
Be motivated to learn machine learning code architecture.

Be proficient in Python/Matlab.




Uppdragets start / Start of assignment

1/1 2026

Placering / Location varar uppdraget placerat? Ar arbete pé avstand méjligt? / Where is the location for the assignment? Is working remately possible?
At Chalmers with shorter (>1 week) visit to Lulea and/or Kiruna

Handledare / Mentor
Fredrik Normann (LKAB) + Researchers at Chalmers

Ansvarig/BestEIIare / Responsible partv/CIient Verksamhetsagare eller liknande / Division Manager/Department Head or similar
Per Lundstrom

\Iaraktighet / Duration 15eller 30 hp (10 eller 20 veckor heltidsstudier)? / 15 or 30 credits (10 or 20 weeks of full-time studies)?

20w

Referensnummer / Reference number This field is left blank by the mentor. To be filled in by the student coordinator.

2025-31

Information till studenten / Information for the student

Sa har ansoker du: To apply, please follow these steps:

Maila till examensarbete@Ilkab.com och mark Email to examensarbete@lkab.com and mark the
amnesraden i mailet med referensnummer. subject line with the reference number.

Vi behover vi foljande uppgifter: We require the following information:

Dina kontaktuppgifter Contact details

cv cv

Personligt brev Personal letter
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