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* Long-term Vision: /ﬁ/o
) ! S ) ' UNDERSTAND
«  Automation, Innovation & Digitalization serve as a means to increase quality THE DA%

& efficiency 0 o AN
«  Create supporting systems to help navigate challenges in near future (labor INFORM POLICY & g@D\ e
shortage/knowledge gaps/costs) RAISE ISSUES Tk MAP THE
O icies ant PROCESS
«  Trytounderstand if we need totally different solutions to the way we do i Pl
Identity Testing .
T IR
* Mid-term Goals: i st e i, 10
\ issues in DUS. ) o . s Identify every step in
» Make our primary processes more efficient - e e
“ workflow.
« Understand data & Infrastructure readiness for future High-throughput 0 AI-DRIVEN INSIGHTS
i i PROVIDE FEEDBACK
Phenotyping Projects N FOR DUS l
« Establish Data & Process Standards () .w i °;f‘;$":;;:;j|’:“’"“‘"9- o
. ) '.3 EVALUATE DATA
« On-board, disseminate, educate colleagues on how to be data-ready, Providfeaddiaek. QUALITY

highlight gaps in processes e o m

learning.

* Immediate Project Goals: JOENTIEY & Assess the qualiy,
.a..l CORRECT completeness and
ek : 3
« For Several Processes, we already have data as a part of the process: v= - Sl
Image Data Lo
the acquisition
. T_hls is the quickest and easiest point to start with to have the LE
discussions

— What are the characteristics difficult to measure in an automated
way? What are the issues with metadata ? What are the bottlenecks ? -
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Tools to find similar varieties in Ornamentals

Two immediate case studies to see if A/CV helps in

automation

Morphological characteristics of leaves & other
organs

Cannabis Strawberries '

(upcoming)

This is how our variety collection looks like. Different categorvariety on size of the lips, colors, presence of
stipes/spots or both, over color, color of lips are present. These DUS descriptions/annotations are considered as
labels/metadata in our pipeline

Assumptions

 The variety collection was a digital representation of a real world data, it was not specifically meant for Al
+ Categories/groups had unequal representations (some had too few)

* Rulers were not uniformly included, we could not use it for calibration

+ Background was not consistent, shadows present

« The DUS descriptions obviously has approximations -> converted to scales
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Computational Workflow:

Image similarity
comparison

Model + weight metadata

=y Image simitarity search

Image Encoding, encoded images
OpenCiip (CLS) FAISS

Aliibute classification
PE-Core-bigG-14-44, C
MetaCLIP-5 4B ot bosi

methods
Adjusting weights
Phaleonopsis image Raw image
E Flipping
90 degree rotation
DUS descriptions

Decoding again

Trait metadata I PosigreSQL
Train (80% age augmentation
oin (50%) + normalization
rait 1 Trait 2 Trait 3.

Augmentation e e

ef
Validation Perceptron (MLP)

Test (20%)

DUS-based morphological descriptions :
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Welcome to Imaging
Databasel

For Naktuinbouw.

Drag & drop images here or click to select files

O TAKE PICTURE

Selected File:
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Computational framework to capture the resulits,

validate/annotate by DUS examiner

Current batch hits

Attribute Name

lip_structure

pattern_detal

Petsal breccite deel
petaken_rakend
Daeias_netting._fwezig_ssrwezg
Tiiobpeting sweriq_sseweng
Loepoal spats afwezig pirmeetig
Zgich_strepen_afwezig_aanwezig
Eindlob,settng,shwezig saweng

Sar

Add acomment

Attribute Value Precision Selected

bighy KO0V troe 2]
N 0000% true

basis 000 o WP
i 10000% true

sanivezig K000% tue

[ 0000 true

oorwesg no00% e

NA X00% e

asrweng 000 e

oanwizg 0000% toe

ar

Add a comment

cscssssssan
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Accuracy (%)

020

Attribute-wise Accuracy Comparison Across Models

98.6% 99.1%

96.5%

colons

pattem _detall

Attribute

spots_present
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100

Accuracy (%)

£

Attribute-wise Accuracy Comparison Across Models

97.9%  97.7% 972%  972%  980%

98.8%
95.1%

98.2%

98.1%

975% g3y 972% 6% oram  974%

» Oxford dataset for Orchids: Standard
Dataset, well-labeled
» Can handle all kinds of backgrounds

Trial 2025

o

Manual
selection
(DUSs)

AI
selection

AI
Rank AI Alternative

Suitable/notf]l Top 3

_*_-_,’!! ! N suitable
Query
Suitable/not
suitable
lAssumptions

Similarity check (and not Identity check)
*Only top 3 hits of the Al-predicted comparators were checked (very strict)

«Can assign preferential weights to grouping characteristics, analysis is
pending (high season time!!)
*Current trial ongoing... k3

10




TWM/4/8 Add.
Annex, page 6

Evaluation by DUS (based on

report)
35
30
25
20
15
10
:
0 —
Total Suitable Not suitable Inconclusive
Applications Application
Deduplicated Failure Trait Word Cloud
Jlow_color contras .ranking miss
v biglip detection
=] :
o etal attitude

flower amb
5 OgV =
sing correct comparrso
mall vs medium size
subtle morpho o el

*light pink flower

not visuall

Suitable similar varieties for

DUS
12
10
8
6
4
: e
0
Rank 1-10 Rank 11-20 Rank >20

Not useful for DUS
30
25

20

15

10
N
0

Good Comparing Okay Comparing
Variety variety

Not close
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About Data & Models...

Data
« Data acquisition needs more efforts
« Consistent calibration references are essential
* Meta Data for size needs attention
* Relative size is not an easy measurement
= More focused analysis on flowers with low contrast (also a
struggle for humans)

+ Error analysis indicates that the conversion of metadata
annotations (UPOV Scale) -> Binary scale can lead to loss of
information

Difficult candidate (2019)

*White color, violet over colour

because of the attitude of the lip

«Lip with stripes and netting on the lateral lobe
*Hard to judge the shape of Dorsal sepal and Lateral sepals
because they are "behind" the petals on the photo

*Petals with stripes, netting but also spots near the center
«Lip with multiple colours and complex patterns
«Lip with spots on the apical lobe which are hard to see

Model
The Al model shows promising retrieval capability
When it is useful, relevant similar varieties are frequently retrieved in
the Top 10
The model could handle inconsistent backgrounds
Multiple models tried -> similar patterns

* Good at coarse similarity

* Weak at fine-grained discrimination

Current performance is not sufficiently reliable for autonomous
DUS similar variety selection -> Can be an accompanying search
tool in near future

Reported Similar Variety (#20)
9 NN D W N W S S —

12
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Image Analysis @Naktuinbouw

Naktuinbouw has been using image analysis for several years across
a variety of crops

Now we are in a position to bring all programs/data under one-
umbrella-try to have a single pipeline, but multiple options for different
organs organized in a database

We started with Cannabis since images are already there. The leaf
characteristics are important for variety identification and can be used
for grouping the varieties based on similarity and organize the trial

We are also doing the Strawberry leaf side by side and providing
feedback for good image acquisition

— We expect to do a huge amount of leaf observations and thus it's
a good candidate for HTP
Test all variations &
re-check Data
Acquisition

High throughput
Phenotyping: 2026-2028

Core
Algorithm:
proof of
concept

Make it HTTP, IT involvement,

portability
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Befoyré' : Complexities:

Identifying the middle-most leaf: height & width
Possibilities of overlap
Possibilities of bending
No. of leaves can vary

&

We already improved to an
extent that proof of
concept is possible

Raw Image

Al-based vision

model
Aft SAM3 prompt
er Reference object metadata based segmentation e |
Stem, Leaf, Black disk.

Detarmine actual

measurements, Noise removal, maintain
pimets-cm for boih hetght and+—  aaly largest segmantations
‘widih for correcting camera for sach object

.

Determine centroid

Determine junction point
which i (he closest point of the.

Determine width, widest poin of

We resolved this by identifying morphological
junction (centroid), clock-wise rotation and
Petiole-based offset

Store results & plot Image
‘Save all results in a polars
datatrama

Leat labeiling
Clockwisa fabeling from siem
x
Requitad for information such a5
“canallear

Determine leaf length
PCA

Calcutate from juncbon o start
oal anct start ieat 1o tg el

lom segmentation 10 the
centrod

puncion 1o leaf b
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Pilot with Cannabis (old data)
Future trials

Parity Plot (Observed vs Expected) Parity Plot (;)Zbieavggglzs Expected)

R? = 0.9965
4.0
35

14

Expected
o
5
Expected

-
§]
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Length

2.0

P

10

10 11 12 13 14 15 16
Observed

. e . The width had more variations; the correlation is still quite strong.
The identification of the middle leaf and Manual measurements can be more inconsistent with the width,
correlation with manual measurement compared to the length (error rate ~11%).

is very good (error rate ~ 1%)

Leaf folding could be an issue; We can compensate this using a

depth camera/glass plate
To be continued: Strawberry trials..
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Conclusion

* Image Analysis ( & Al under the hood) shows promising results for quantitative characteristics
— We will continue in this direction

— Data management is important for efficiency (organize data outputs into Phenotype Database with images, trial
information and other tools for comparisons.)

For ornamentals, there are some open questions:
— We will need to think (or re-think ?7) how we see our variety collections (common knowledge) ?
- Is it even possible to make a good training dataset out of variety collections ?

— Some characteristics are more complicated than others to automate..if they are the main grouping characteristics, it
will be an issue..

— We must adapt our current way of working (making pictures) in order to obtain data that are useful for Image analysis
with help of Al

For Discussion (Open questions)
— In future, can we have other kinds of characteristics based on Al/CV ?
- Possibilities of including Al & manually predicted characteristics to come to conclusions ?
— Would it be possible to make standards that are useful in different environments?

— Having Image standards to share across EOs ? .

16
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It's a Team Work! '(?\
l"'

Jesper Guijt
(Bioinformatics)

Koen van Oostrom
(DUS Examiner)

Judith Meijles
(DUS Examiner)

Michel Ebskamp
(Manager R&D)

Raoul Heagens

(Head Identity & Variety
Research)

Raad voor @Eﬁ

plantenrassen
nakﬁuinbouw
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W i

"hank you for your
attention !

[End of Annex and of document]
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