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* Augu (auglu) fenotipesana

* Lauksaimnieki vs selekcionari
* Datu ievaksana: zemes, gaisa un satelitu
« Fenotipesanas strategijas

 Jauni fenotipesanas riki: neinvazivi, invazivi
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Modeli
* Fenotipésanas stratéegijas
* G2P genotipa fenotipa modelis

* Tradicionalas fenotipesanas strategija = daudzwdes
izmeéeginajumi (multi-environmental trials (METs))

* Raza == Merka vides populacija jeb nosacijumu kopa
Augu 1pasibu raditaji: morfologiskie, fiziologiskie un
fenologiskie
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Fenotipisko ipasibu matematiska modelesana
- Raza = f (fenotipiskie dati)

* Raza= sforma , tilpums, krasa, spidums, kaulainiba, mikstums,
bojajumi

* G2P modelis ar MET datiem )j; = M;; + &
* G2P razas modelis ar MET datiem ir sads: yiﬁ -

. Novér_ojums tiek izteikts ka neapstradati dati
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Augstas caurlaidspejas augu fenotipesana

* High-throughput plant phenotyping (HTPs) sistémas
* Attelveidosanas tehnologijas -

* Fenotipesanas platformas ~a s
e Auglu struktira un funkcijas dabiska vidé
* Manuali merijumi vs uz atteliem balstiti

high-throughput
phenotyping

Ivars Namatévs Vieda fenotipésana 06/04/2022 6



Attelveidosana un sensori lauka fenotipesana

* Auga organa: :

y

* Zem zemes
* Virs zemes

» Visa auga: Q
+3D
* Stress

* Attelveidosanas sistemas; Fenotipesanas metodes; Datu
kopas
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Attelveidosana un sensori lauka fenotipesana
Auga organa fenotipi:

Strukturalie — morfologiskas ipasibas: forma,
laukums, lenkis u.tml.

* Fiziologiskie — augsanas un vielmainas process:
udens saturs, hlorofila u.tml.

*Temporalie — pagarinajums, lenkiska trajektorija
u.tml.
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Attelveidosana un sensori lauka fenotipesana

=¥y
B <>
i S
RGB fluorescence thermal mulrispectral hyperspectral high-throughput
imaging imaging phenotyping

* RGB kameras; RGB-depth; Fluorescences; Siltuma; Multispektalie, Hiperspektralie; tuva
infrasarkana kamera; ...

Avots: https://www.sciendo.com/es/article/10.2478/ahr-2021-0011
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Attelveidosana un sensori lauka fenotipesana

9

* Redzamas spektralas gaismas atteli (RGB)

RGB

Type Sensor Sensor Model Manufacturer Examples

Colour digital Nikon, Canon Nikon 5200, Canon EOS 60D Tokyo, Japan Kleefeld, Gypser, Herppich, Bader, Veste (2018)

camera Sony Sony NEX-5N Tokyo, Japan Sugiura et al. (2016).
Type software
RGB PlantCV LemnaGrid (LemnaTec GmbH, Aachen, Germany) Image)
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Attelveidosana un sensori lauka fenotipesana

* Flourescences attelveidosna
(Hlorofila fluorescence (ChlF))

fluorescence
imaging
Type Sensor Sensor Model Manufacturer Examples
G N Open FluorCam FC I:sr::)tf?nne?t/:tgmso Pérez-Bueno, Pineda, Cabeza, Barén
i3 800-0 i (2016); Kleefeld et al. (2018)

Fluorescence Czech Republic

sensor Z200 Qubit Systems Inc, .
Z200 Open- FluorCam Kingston, ON, Canada Singh, Jones, Shukla, Saxena (2017)

Multiplex ® Multiplex 3 Force-A, Orsay, France Birling et al. (2013)
Type software
Fluorescence PlantScreenTM Analyser (Photon Systems | ImagingWin (HeinzWalz GmbH, @ QUBIT Systems (Kingston, ON,
imaging Instruments, Brno, Czech Repubilic) Effeltrich, Germany) Canada)

d.
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Attelveidosana un sensori lauka fenotipesana

e Siltuma (termiskie) attélveidosana

Type Sensor Sensor Model Manufacturer
FLIR Flir SC660, FLIR |7 FLIR systems, Wilsonville, OR,
USA
Thermal sensors thermoMap thermoMap senseFly, Ches'eaux—sur-
Lausanne, Switzerland
Fluke Fluke Ti32 Fluke Corporation, Everett, WA,
USA
Type software

ERDAS-IMAGINE (Intergraph
Corporation Part of Hexagon,
Huntsville, AL, USA)

ENVI (Exelis Visual Information

Thermal imaging Solutions, Boulder, CO, USA)

"
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Examples

Garcia-Tejero et al. (2018);
Santesteban et al. (2017)

Sagan et al. (2019);
Raeva, Sedina, Dlesk (2019)

Elsayed et al. (2017);
Omran (2017)

FLIR Tools (FLIR System:s,
Wilsonville, OR, USA)
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imaging
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Attelveidosana un sensori lauka fenotipesan

E"sj_ -‘,?

* Multispektrala attelveidosana

mulrispectral

Type Sensor Sensor model Manufacturer Examples

RedEdge™ RedEdge™ MultiSpectral MicaSense Inc., Seattle, WA, Ballester et al. (2019);

g camera USA Zhang et al. (2020)
:nel:‘l::rzec"al Parrot Parrot® Sequoia™ Parrot Drones S.A.S, Paris, France Thorp et al. (2018)
_ Torres-Sanchez et al. (2013);

Tetracam Tetracam mini-MCA-6 Tetracam, Inc., CA, USA De Castro et al. (2015)
Type software
Multispectral . Tetracam (Tetracam Inc., Chatsworth, Pix4Dmapper (Pix4D SA,
imaging R CA, USA) Switzerland),

”
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Attelveidosana un sensori lauka fenotlp zé sana

* Hiperspetkrala attelveidosana

Type Sensor Sensor Model Manufacturer Examples hyperspectral
PIKA PIKA II Resonon, Inc., Bozeman, MT Moghimi et al. (2018); Moghimi, Yang,
59715, USA Anderson, Reynolds (2019)
Hyperspectral FieldSpec FieldSpec 3 Analytical Spectral Devices, De Bei et al. (2017);
sensors P Field Spec Pro Boulder, America Zheng et al. (2016)
Hvberspec Micro- Headwall Photonics, Camino et al. (2018); Kalisperakis, Stentoumis,

YPErSP Hyperspec® Fitchburg, MA, USA Grammatikopoulos, Karantzalos (2015)
Type software
Hyperspectral Lk ot e D ICl Ll e Hyperspec® lll (Headwall Photonics, = spectral view software (Headwall

rendering software (Headwall

Imaging Photonics Inc., Fitchburg, USA).

Fitchburg, MA, USA) Photonics Inc., Fitchburg, MA)
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Attelveidosana un sensori lauka fenotipizesana

3D redzes sistemas:

* stereo kameras
» Time-to-flight (ToF) ierices
° [iDAR e

v

-
W‘ 'MK
"5«(1 P |

a C d

Figure 4: A side view of the strawberry farm as seen through
the simulated sensor including colour image (a), depth image
(b), curvature map (c¢) and ground truth annotation (d).

Ivars Namatévs Vieda fenotipésana 06/04/2022 15



Dzilie neironu tikli fenotipesana

Model
Data Data ode Model Model

Testing Deployment

Training &

Acquisition Cleaning Building
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Dzilie neironu tikli fenotipesana

Morphology 2D imaging B 2.5D imaging 3D imaging
I71°C e LA :
- .
g
= Physiology I
g 25
E) —> | Infrared thermal Non-structured
a.
‘é Development
[
Postharvest ’ S ! Depth g
Multi/hyper-spectral RGB-D Multi-view Structured
Domain applications Imaging modalities
Machine learning Image classification
: l ¥ . ¥
5 Feature Learning ]
ﬁ,ﬁ = | extraction model Image regression
Hiobaviced s Traditional ML 4; <«
2 Object detection
‘f % Neural networks s o s
oyt A A Semantic/instance segmentation
Texture Filtering Deep learning
Computer vision tasks

Data processing




Dzilie neironu tikli fenotipesana
Attelu klasifikacija

Image classification

Input image

Operations

Conv/Deconv

Pooling
Activation
Batch norm

CNN

Fully
connected
layers

Healthy plant (0.98)

>

Classifier

>

I

Stressed plant (0.02)
Weed (0)

Classification result



Dzilie neironu tikli fenotipesana

Detektesana

Object detection

—> Region proposal Classifier

A

. Bounding box
eature map regressor

Two-stage CNN meta-architecture

P . Classes RRSp— r
[nput image Feature map | Grid based ~ + Detection Result
localization ,
bounding boxes

One-stage CNN meta-architecture

| I




Dzilie neironu tikli fenotipesana

Semantiska un instancu segmentéesana

Semantic/instance segmentation Semantic

Post-processing !
(CREF) |

i

Encoding phase Decoding phase

Encoder-decoder based model o
Instance

_ — Classifier —
Region proposal
Input image Bounding box
. A —
I regressor
_}-_> petemp > Masking B
= Detection based CNN meta-architecture Segmentation result
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zilie neironu tikli fenotipesana
Dzilas masinapmacibas satvars

connection / (b) A deep learning framework
( Input images 4 Output results
Pre-processing ;
: Specific strategy
(LSC) (Image augmentation) (LSC)
)

Transforms: Crop, Flip, Rotation,

CNN: Mask RCNN, YOLACT, PointRend, BlendMask, etc.
Pad, Gray, Affine, Erasing, etc.

Classifier
Bounding
box regressor

Masking

’ /1 Mask RCNN:
gnhcsis: Graphical mndcling,(iA\N [ FPN ]‘[ RPN ]

GAN: CGAN, DCGAN, WGAN
WGAN-GP, LSGAN, etc.

CGAN: RNN: RIS Conv Spatial
. e LSTM Inhibition
T.:‘ig HHialg l 1
|

Conv Spanal
/ LSTM Inhlbmon

ROI Align
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Morfologija un augsana

2D metodes:
Uz slieksna balstita metode (Treshold-based)
* Kontura (Edge-based)
* Apgabala (Region-based)
* Klastera (Clustering-based)
* Dzila apmaciba (Deep Learning)
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2D auglu organu segmentacijas metodes

Uz sliesna balstita metode
Otsu algoritms

Fig. 1 — Kiwifruits from bottom view in (a) single, (b) linear cluster, (c) other cluster.

1) [ | e r—————



2D auglu organu segmentacijas metodes
oS ) '

Fig. 3 — The process of detecting calyxes. (a) Original RGB kiwifruit image, (b) Grey image of the 1.1R-G, (c) Segmented image
by Otsu threshold in the 1.1R-G, (d) Largest area of fruits after eliminating noise using morphological process and removing
smaller areas, (e) Fruits area image, (f) Selected grey image of the area of fruits, (g) Segmented image of skin and calyx by
Otsu threshold, (h) Opened image for detecting calyxes, (i) Detected calyxes (green dots) on the original kiwifruit images.

= ((Kiwifruit): Fu et al., 2019)
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2D auglu organu segmentacijas metodes

Kontura metode
* Sobel konturas detekcija
* Canny konturas detekcija

@) )

Fig. 1. Edge detection based adlgorithm: a) Original image. b) Edge detected
image.
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Dzilie neironu tikli fenotipesana

* Hiperspektrala kamera + CNN = auglu gatavibas
noteiksanai
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Dzilie neironu tikli fenotipizesana

CROP: dazadas formas un veida centrala auga detektors

(A) pawpaw. (B) longan. (c) persimmon.

1) [ | e r—————



Dzilie neironu tikli fenotipesana

Kivi ziedu detektors robotizetai apputeksnesanai

| \(1 . “’J
(SR T e
-l 0 ol
@ (b (c) (d)

¥ I
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Fig. 4. Examples of Bounding box for stigma. We
labeled (a) open, and (b) half opened flowers. Also
occluded flowers by (c-d) flower, (e) bee, and (f-h)
branch and wire were labeled.




Dzilie neironu tikli fenotipesana
e 71 petijumi ar dzilas masinmacisanas tehnologijam
*2D

Network (RPN)
*3D >
\

* DL: aboli, apelsini, tomati ) B ”{HH 1
£ I

kirsi, manioks, banani, ' /

_ APk

vinogas ﬂ h _

Backbone “f ! . B II-I;Iead

Fig. 6 The Mask R-CNN architecture. The architecture consists of two parts: the backbone and the network head. Source: ref. ®®

Avots: https://doi.org/10.1038/s41438-021-00560-9
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Dzilie neironu tikli fenotipesana

: Explanation Matrix W

d'column
(no. of intserpretable features)

rows Feature importance
(no. of instances) for each example
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