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Overview
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Monolayer sorting achieves up to 95% accuracy, but multilayer results
are lower.

Current Sorting challenges:
• Technological Limitations
• Degraded Post-consumer Packaging Conditions
• Suboptimal Packaging Design
• Infrastructure Gaps
• Regulatory Challenges
• Economic Constraints

Advanced technologies and improved packaging designs are essential
to overcome these challenges and optimize sorting processes.
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Identification and characterization of multi-layer material streams
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Achievement 1: Identified the optimal location for automated multi-layer sorting in waste treatment facilities.
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Objective:

Integrated Sorting System:

MERLIN Developed Solution
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• Composition Identification: Hyperspectral imaging

(HSI) and metal detector.

• Visual System: Camera for real-time localization and

classification rigid and flexible multilayer films.

• Robotic Arm: Handles rigid and flexible packaging.

• Integrate photonic and robotic systems for real-time sorting

• Develop a Integrated Sorting system prototype and test in industrial settings.

• Validate the integrated system at PREZERO facilities.
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Monitoring system

Achievement 2: Designed, built, and tested a prototype for inline monitoring, capable of identifying
multimaterial layer combinations using hyperspectral imaging and metal detector.
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A.I. robot adaptation for multi-layer sorting

Achievement 3: Adapted AI-powered robots for sorting rigid and flexible films, with software capable of
identifying, locating, and segmenting packaging.
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Final designs
Final product

Object detection
recognize-classify

Instance location 
(orientation, CoG…)

Instance Segmentation 
shape

Image deep learning models
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Integration of monitoring and robotic solutions for sorting

Achievement 4: Fully integrated monitoring (HSI + metal detector) and robotic systems (camera + robotic
arm) into a functional unit, validated through factory acceptance testing.
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A: Polymer Composition Identification System.
B: Metal detector.
C: Visual Intelligence System.
D: Automated Robotic Arm.A B C D
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Industrial proof-of-concept for multi-layer sorting

Achievement 5: Installed and validated the integrated sorting system at PREZERO, successfully sorting
40 kg of multi-layered packaging.
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Prototype accuracy

Metal detector: > 90%

Chemical classification: 82.5%

Sorting:
Films: 76%
Trays: 58%
Mixed waste: 63% Packaging classification:

Films: 90%
Trays: 64%
Mixed waste: 79%
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Challenges and conclusions
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Challenges:

Solutions:

Conclusions and Future Directions

• Contaminated, suboptimal packaging design, mixed-material packaging.

• Harsh industrial environments (waste treatment plants).

• Optimized HSI models.

• Multi griped robotic arm.

• The MERLIN system shows significant progress in sorting multilayer packaging.

• Future efforts should focus on advanced technologies and eco-design regulations.
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