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1 Introduction

In this document, we describe the evaluation of a FleXicut machine cutting tool as a potential method
for automated removal of nematodes. The FleXicut machine (Figure 1) is an intelligent fish fillet
portioning machine that can identify undesirable objects and features such as bones and gaping using
Xray. The fillets are portioned based on those objects, features and according to predefined cutting
patterns, with four cutting pattern examples presented in Figure 2. The portioning is conducted using
waterjets and high-speed blades, where the most common practice is to use two or three waterjets to
cut on each side of the pin-bones and other cuts along the fillet, and the blades to perform desired
traverse cuts. All this is performed at a maximum speed of 42cm/s, setting the industry standard for fish
processing.

Figure 1 FleXicut with an infeed conveyor and a downstream grading unit.

The Xray technology in the FleXicut machine cannot detect nematodes, but even though it would be
possible, the resolution of the cutting mechanism is not high enough to remove individual nematodes
from a fish fillet. However, a hyperspectral system could be integrated into or in front of the existing
FleXicut platform to receive information about the location if any nematodes. Knowing the location, the
portions including nematodes could be diverted to a different path, rejected to rework and/or the cutting
pattern adjusted to optimize the value of each fillet.

Figure 2 Examples of how a fish fillet can be portioned using the FleXicut machine.
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2 Methodology for Evaluating the FleXicut Machine for Automated
Nematode Removal

The first step in exploring the possibilities within the FleXicut platform in terms of removing nematode
infected portions is to validate the logistics part of the system. The general FleXicut system has been
sold for many years, where the cutting and portioning machine is accompanied by a downstream grader
to route different portions into the corresponding product streams. Those streams can be based on
portion type and/or if there are any undesirable objects or features in the portions. Currently, the reject
mechanism for undesirable objects and features is based on bones and gaping, but in essence it is the
same practice where:

— Animage (X-ray) is captures of a fillet,

— ldentify if there are any undesirable objects and/or features (bones or gaping, respectively in
current system),

— Apply pre-selected cutting pattern — optimize portions,

—  Cut fillet with waterjets and a high-speed blade,

— Extract pin-bone portion,

— Grade portions accordingly in a downstream grading unit.

In the same way, regarding the challenge of processing fillets with nematodes, a hyperspectral image
could be used with or without the X-ray system, where the nematodes are detected, portions optimized
and graded accordingly. However, as mentioned above, the system does not at this point offer an
automated way of interacting with any hyperspectral system. Therefore, to explore the logistic
challenges and other unforeseen challenges when processing fillets with nematodes, the concept can
be validated using any available undesirable object/feature detection in the FleXicut. Considering natural
bones and gaping found in untreated fillets, gaping is better suited to represent the variability in the
location of nematodes compared to bones which are usually found at the same location. An example of
gaping detection from the system is presented in Figure 3, with red and green highlighted area.
However, the optimum method is to use loose bones which can be placed anywhere on the fillet, with a
size above 0.2 mm (detection limit of the X-ray system).

Figure 3 Examples of gaping detection in FleXicut. Areas highlighted with green and red are lower and higher than
a customer specific threshold, respectively.
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Therefore, as a first iteration, the nematodes are simulated with bones, where the cutting patterns are
unaffected. Furthermore, for simplicity reasons, only the loin portions were infected with “nematodes” to
make grading and validation more efficient. After cutting, the infected portions are redirected in the
grading system to a different stream where in a real-world scenario, the “clean” portions would go directly
to the next processing step, unaffected by the manual operators, minimizing the risk of decreased yield
and improving manual labor efficiency compared to when every fillet requires manual nematode
inspection (from prior research within JBT Marel the time for inspection per fillet is up to 4 seconds, 2-4
according to the data).

Using bones to simulate nematodes to validate the cutting and logistic capabilities of the FleXicut system
is practical as the X-ray system can detect bones down to 0.2mm, well below the nematode size
threshold where no actions are required according to the industry. However, to be able to locate the
bones in videos and on pictures, the loose bones were submerged into a food-grade sauce coloring
before they were placed on the fillets. By coloring the bones, they were given an appropriate contrast
over the white color of the fillets while being safe for a food processing facility. An example of bones
dipped into a sauce coloring and placed on a fillet is given in Figure 4.

Figure 4 A fillet with colored bones in the loin section

After the fillets were cut in the FleXicut, the portions were graded according to a predefined cutting
pattern, and because the tests were conducted in a fish processing factory, there was a limit on how
many parameters could be changed as all settings had to be reverted after the test. Furthermore,
exploring the effect of other portions would make the manual tracking less efficient, when including more
portions. In practice, the system does not care which portion is infected, but since the system can require
optimization to get the best results, only the loin was used as the infected portion.

Figure 5 presents the FleXicut system used during the tests, with the attached downstream grader. As
presented in the figure, the grader has 10 grading possibilities, where gate number 1 is used for the tail
section, gate number 2 for the pin-bones cut away with the waterjets and gate number 3, which was
used for the rejected loin portions. Other gates were not modified, and no attention was made to where
different portions were routed to if they were clean. It shows, however, the grading possibilities with the
current system, where the number of gates could be increased, with the limitation that with increased
number of gates there is an increased risk of incorrect grading. Therefore, for high-risk portions, it is
beneficial to grade them as early as possible.



Figure 5 FleXicut and a downstream grading unit with 10 grading gates. The reject gate (number 3) is highlighted.

After a fillet has been cut there are multiple options available to grade and react to nematode infected
portions. Additionally, each portion could have a separate route dependent on if it is clean or infected.
For example, higher value products, like loins, could be directed to rework, whereas belly flaps, which
have the highest risk of infection (Figure 6), could be put into blocks or mince.
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Figure 6 Nematode distribution in cod fillets’.

Noteworthy limitations:

— Skin-side is usually up for the FleXicut system compared to the meat side up for nematode
detection.

— Strict product/portion requirements can be a challenge when executing a small-scale test.

1 https://skemman.is/bitstream/1946/24901/1/Ahrif_hringorma_vid_%C3%BEorskvinnslu_EinarSigurdsson.pdf



3 Experimental results

The FleXicut system was evaluated at a customer location in Iceland in January 2026. During the test,
bones were used to simulate nematodes located in the loin section of 14 fillets. The fillets were
processed with the FleXicut, where the “nematodes” were detected, the fillets were cut according to
predefined cutting patterns, and the portions graded accordingly. The system was run at 42cm/s. Figure
7 shows examples of cutting patterns and how bones of different sizes are detected, both as individuals
and groups. Since every FleXicut system has been optimized for the specific needs of the customer, it
can be challenging to change the settings for an abnormal test like the one presented here, increasing
the risk of fillets and cutting patterns falling out of specifications, resulting in uncut fillets. That process
is to ensure that no fillet is cut outside of the predefined, customer specifications and is there to
safeguard the value of the raw material.

Questions that needed answer:

— Indications that the FleXicut system is capable of processing infected portions,
- Evaluate the ratio of portions infected by “nematodes” going the correct/incorrect path,
— What effect has a “nematode” when it is on the predefined cutting path?

Out of the 14 fillets tested (Table 1), 11 fillets were within the specifications and cut into portions. The
other three were rejected as whole fillets as they were not within the predefined specifications. To
improve this number, the FleXicut system would need to be optimized for the nematode removal
application, falling out-off-scope for the proof-of-concept phase. An optimization would include a
thorough investigation regarding which grading path would be optimum for infected portions. Out of the
11 fillets that were cut, 10 infected loins were graded correctly, rejected through gate 3 (Figure 5), where
one loin was not rejected through gate 3, indicating that the system could be capable. Even though one
portion was not graded correctly, an optimization of the system would improve the performance,
ensuring all portions are graded accurately.

Table 1 Results from FleXicut test.

Nr. Fillets Not cut Correct grading
14 3 10/11

When one or more “nematodes” intersected a cutting path, like the examples in Figure 7, a) and d), all
infected portions were rejected to the predefined reject gate number 3 (Figure 5).
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Figure 7 Different "nematode” locations and cutting patterns.



4 Conclusions

The potential of using the FleXicut system to remove nematode infected fillets was investigated. The
nematodes were simulated with bones, as the X-ray system in the FleXicut is not capable of detecting
nematodes but can detect bones with high accuracy. The fillets were processed and portioned according
to a predefined cutting pattern, where the “nematode” infected portions were rejected through a specific
grading gate. The results indicate that the system is quite capable of meeting the industrial requirements.

Even though the test can be considered a success, there are few improvements and validations for
further developments:

e Adjust the cutting pattern if there are any nematodes in the fillets,

o This is a challenge since each portion can have strict product specifications to meet the
end consumer’s demand, especially when considering the limited time for re-calculation of
cutting patterns during processing.

e Grading gate optimization.

o The reliability of the grading system requires further validations under industrial conditions,
where each route should be optimized considering the routes different portions take.

e Integration of data from the Maritech Eye, which is essential for enabling nematode removal,
remains outstanding and must still be addressed



