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Plant Phenotyping
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3D Plant Traits Analysis .
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To reduce water consumption in
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PhenoRobot

Specif

e 2D/3D camera modules

. 48

« 4 3D-cameras, 1280x720
pixels

« 2N

boards

ication :

-Mpixels RGB cameras

VIDIA Jetson Nano

Active Stereoscopic” KSp "Active IR Stereo Vision" tums
AUDTUKIADILEN 3 DA WBKanmsNIvISYIATUANISYNIN
"Triangulation” KD "NISKICUKUVADEAWLIKAS" IWD
AUDtUMIS:o:MY (ADWEN) vovRaUUa DINNADY
naovouwsisa (IR Cameras) d@@vad
tASoVvANYUAVDUWSISA (IR Projector)

rnudoUs:udawa (Vision Processor)

/ +24Y Gnd

N

+9-36V, GND + +5V, GND
- | DC to DC Converter Ny
ESERERNSS 2V to 5V 60W CSicable O :
1 d
UsB2.0 . o ; | 5

| ‘& — «

| . T- HoM2 ) »

Jetson Jetson s
nano nano +5V, GND
(8l to HDMI(M1) 801 BO1 g + USB1 Cable Type A to C
HDMI HDMI g- < USB2 Cable Type Ato C
Cable | ysa3.0 Cable [USB3.0
Cable |HOMI . Cable (o . : E
-+
Cable | UsB3,0 Cable |USB3.0 s M2 :
Cable Cable > i — -
. = +
.l J—— ‘
:ﬂ HOMIZ I : s
looo| looo| leoe| looo| aED - P eAmCJrSV.GND
2DCam1 3DCaml 2DCam2 3DCam2 2DCam3 3DCam3 2DCamd 3DCamd g % »
USB4 Cable Type Ato C

~

RJ11 Lan
Cable

R Lan
Cable

/

NECTEC‘F TOGETHER

amemiero NS T DR

Ready to be proud

- luQamomw

3D Camera Module
Intel Realsense D435

=
e rr7;
sy
iy, 7

3D Point Cloud




PhenoRobot - sawdaudsaduaurkusua

lJsunsu Mapping

~|‘i
NEeECTEeEC

amemiero NS T DR

Ready to be proud

TOGETHER

Reset | Lare-Click: Rotate. Middle-Ciic Move 3/ Right-Clicks: Zoom. SKIFE: More options.

IJsunsuy Navigation

PhenoRobot Manager

Auto Start Working
Enable Time Days

v 4 '55. <Mon vTue vWed vThu vFri vSat vSun
_X(C)
°@

Status Battery(%)

©




PhenoRobot — s:uughudduya

Googvvoyatugiudoya

TU [[ l —1 Data Qutput  Explain  Messages Notifications
sunsyuavn:iuau ————
-
- plantid P plantnameth 7 plantnameen 7
B Zii T B _ = x 4 [PK] character varying (8) character varying (256) character varying (256)
Plant Registration Datab Res-API Agent A - - | ik e e oALETTCE
i atabase <« C A Notsecure | 10.22232.11/towerfloorconfig/list O 8 ocuest 2 2 rEulde GREEN OAK LETTUCE
FactoPlant 1.0 3 3 TaLAasIER BUTTERHEAD LETTUCE
4 4 unlasaa RED CORAL LETTUCE
Config ﬁuﬂsgﬂ 5 5 dnneua ICEBERG LETTUCE
6 6 aad COS LETTUCE
77 Tdndanalfia WILD ROCKET LETTUCE
.
Plant Analv5|s 8 8 wil famidin BABY ROCKET LETTUCE
Tower Floor Section Fuuuunislan g 9 g MIZUNA
Tower A Tower B Tower C Tower D e e e 3 10 10 wsdinila RADICCHIO
M )
E E 1 n Hlaad lagiisn FRILLICE ICEBERG LETTU.
!
| ! , Tower 1 Floor 1 Section B Queue writ 12 12 sinTaniuil BABY SPINACH
| | ﬂﬂﬂﬂf_{l"luﬂﬁli‘-ﬂ'ﬁ
I | | 13 13 [CE] KALE
| | - Tower 1 Floor 2 Section A Queue s _‘
! | 14 14 dnnimnway GREEN CORAL LETTUCE
] ]
i i
— | |
c | !
.g | | m public.cropregisterfixed/factory/postgres@plant fact
i i
8 | | Data Output ~ Explain  Messages Query Editor  Query History  Notifications Data Output  Explain  Messages Query Editor  Query History  Notifications
[ | | | e sl
| | towerid ., floorid o sectionid , directionid , trayid . cropid ; cropid . image3dts j» directionid,y imagepath g ismessure,
| 1 4 [FK] mmge(‘ PRl intege?  [PK] \megef 1Pkl integef”  [PK] lntegef [PK] character varying (8( 4 [PK] character varying @f  [PKltimestamp without time zond  integer character varying boolean
i i 1 4 4 2 2 20 D42220 1 D42220 2023-02-24 06:58:16 2 upload/image3d/00000006_260_20230224_065816_4.ply  false
i i 2 4 4 2 2 19 D42219 2 D42220 20230223 06:56:47 2 upload/image3d/00000006_260_20230223_065647_4.ply  false
| |
! ! 3 4 4 2 2 18 D42218 3 D42220 20230222 06:57:12 2 upload/image3d/00000006_260_20230222_065712_4ply  false
A it el E‘ """""""" E """"""""" R I 4 4 4 2 2 17 D42217 4 D42220 2023-02:21 07:00:05 2 upload/image3d/00000006_260_20230221_070005_4.ply  false
| | 5 4 4 2 2 16 D42216 5 D42220 2023-02-20 06:59:44 2 upload/image3d/00000006_260_20230220_065944_4.ply  false
i i
T T 6 4 4 2 2 15 D42215 6 D42220 20230219 07:47:03 2 upload/image3d/00000006_260_20230219_074703_4.ply  false
| | 7 4 4 2 2 14 D42214 7 D42220 2023-02-18 18:19:07 2 upload/image3d/00000006_260_20230218_181907_4.ply  false
! !
| | 8 4 4 2 2 13 D42213 8 D42220 20230217 07:33:48 2 upload/image3d/00000006_260_20230217_073348_4.ply  false
i i
o~ f f 9 4 4 2 2 12 D42212 9 D42220 2023-02-16 08:31:49 2 upload/image3d/00000006_260_20230216_083149_4.ply  false
g | | 10 4 4 2 2 11 D4z211 10 D42220 20230215 07:24:41 2 upload/image3d/00000006_260_20230215_072441_4ply  false
i i
'43 | | 1 4 4 2 2 10 D42210 11 D42220 20230214 07:19:53 2 upload/image3d/00000006_260_20230214_071953_4.ply  false
i i
g | | 12 4 4 2 2 9 D42209 12 D42220 20230213 07:22:43 2 upload/image3d/00000006_260_20230213_072243_4ply  false
| | 13 4 4 2 2 8 D42208 13 D42220 20230212 07:19:35 2 upload/image3d/00000006_260_20230212_071935_4.ply  false
i i
| | 14 4 4 2 2 7 D42207 14 D42220 2023-02-11 07:20:05 2 upload/image3d/00000006_260_20230211_072005_4.ply  false
E E 15 4 4 2 2 6 D42206 15 D42220 20230210 07:31:08 2 upload/image3d/00000006_260_20230210_073108_4.ply  false
| i 16 4 4 2 2 5 D42205 16 D42220 20230209 07:54:27 2 upload/image3d/00000006_260_20230209_075427_4ply  false
i T
| | 17 4 4 2 2 4 D42204 17 D42220 2023-02-08 07:45:43 2 upload/image3d/00000006_260_20230208_074543_4.ply  false
i i
v _ _ A ) i ) R S - X . . . 18 4 4 2 2 3 D42203 18 D42220 2023-02-07 07:48:14 2 upload/image3d/00000006_260_20230207_074814_4.ply  false
Direction 1Direction 2 Direction IDirection 2 Direction 1Direction 2 Direction IDirection 2
S F— P e e 19 4 4 2 2 2 D42202 19 D42220 20230206 07:24:20 2 upload/image3d/00000006_260_20230206_072420_4.ply  false
20 4 4 2 2 1 D42201 20 D42220 2023-02-05 07:27:28 2 upload/image3d/00000006_260_20230205_072728_4ply  false

wolasvasivsulan

Ready to be proud

NECTEC‘F TOGETHER 16

amemiero NS T DR




PhenoRobot — uausuasauaavna

L] — Ll e
AIADIUGY (NSQ 64x64) NSIWAIADIUGVSIEOU
N ]
25+ o
o L]
Plant Factory :
£ 20 1774
= o
3
rop IL S€ Directi Tray Start Date End Date E} 159 o ©
i) e
A21118 A 1 1 18 2024-02-13 2024-03-04 -z' o
E 10 . oo
£ 2 9|® 2 o
index cropid measurets high_mean high_max hi . = 59 o O . o 5
0 A21118 13/02/2024 05:09 3.8896875 5.19 ul 8 88 S L
1 A21118 15/02/2024 05:42 3.8246875 5.36 | | | ! o | -
Thu 15 Mon 19 Fri23 Tue 27 March
2 A21118 16/02/2024 05:09 3.91578125 5.58 m measurets
o
3 A21118 19/02/2024 05:09 46103125 7.36 %
3
4 A21118 20/02/2024 05:21 5.143281249999999 6.92 a
§ A21118 21/02/2024 05:10 5.26515625 7.48
6  A21118 22/02/2024 05:09 6.44296875 8.15
7 A21118 23/02/2024 05:09 6.909531250000001 10.31
8 A21118 26/02/2024 05:09 121478125 14.51
] A21118 27/02/2024 05:09 14.81921875 19.69
10 A21118 28/02/2024 05:09 1818296875 22.77
1to110f 13 1< [<] Pagel1of2 > >I
.l . Image 2D Prediction
JiuvoJanmwny
L] bl — 1 —= g N el
MMwnlgQuauu mMwogndsuund
ﬁj Ready to be proud
-
NECTEC TOGETHER

amemser ot NS T DR




Jsuundawauoniwuaada

input data predict data ground truth data

* uavo LED UanWwusmihduoonmwnuuiniianIuRQtweu

%0 50 0 (Uonsssus1iuin
e Jwnasuuavuov LED JuAuvsdvAdu o1nN1satwau
chvoonuavudliauqa

. Usuunathmuausssumm lwa?huuuahsas uudiuisno
asd>vdalaaduns:=uduNsLau

« Deep learning aswlulaadinSudsudtaldudaiu
SSSUBIA

Global J Local
Processing Processing

/ \

0000

100

150

Global Processing

e

ns:uounNMsUsuund

.
NecTec! soTec)

wener s NS T DR e NS TOR

Ready to be proud

NECTEC‘F TOGETHER 18

wmierot NS T DR




Js:uiguunnunadaomw

Ready to be proud

NecTec! TOGETHER

b NS T DR

3D to height: Blue_kale_meanSilhouette

30
]
o)
25 - o g g
o
8
20 4
o
& 0
= 15 i Lf
=
2
@
I
10 A l‘ T
o] i&l E
) Iedda EB
1 ﬁ ﬁ = i shgpT T
0-|—| o 0 00 00 O00Q 00O O0OCO0CO0OOC
0 3 4 5 6 7 1011 12 13 17 18 19 20 22 23 24 25 26
sampling day
height to weigth fit compare: Blue_kale_meanSilhouette
o
100 4
80
o
= 60
o w=-0.01h~3+0 32h~2+0 2h~1+-1 05
= mse=2.75
40
o
20 -
[ ]
041 @ L
0 5 10 15 20 25
Day




tsUs:losuvdua - aswlulaavdeaadutod

WBUs:TosidpyaduduUINATADINMISASIDIA
Waa310TuL0a U MSKIZASADUAUMSKAQ
IWoasvowanwaandovns

UDduMSWaQ : ADWITUEISA:AUSICDINS,
ADWTULEVEUNIDU, AIWULEDELQY
WAWAQ : LWKUNSQUDORN

nisasovdauuulimang awisalddoya
LuucioLlpv

(6) WbIaM Jueld pa1Ipaid

220 1

210 1

200 7

190 1

180 7

EC (fertilizer concentration, mg/kg) = 0.1




Advanced Phenotyping System

ey ST N 3
B | ="\
x}\; { | A = |

£
A48SHOUSE 1
RATIVE COOLER)

agoc,

TmL%auﬂgnﬁﬁuw%amzwmawqué’qLﬁm 32UUATIIN: Hyperspectral Imaging, RGB/Morphometric Imaging,
Phenomics Facility at NSTDA Thermal Imaging, Chlorophyll Fluorescence Imaging

‘I Ready :::e proud



HyperSpectral Imaging

Hyperspectral Imag

—eeeeee PHOTON
T = T SYSTEMS |
sssssssssss
.,

Hyperspectral vs RGB

Red (R) RGB Image

Hypercube

ﬂ
|

Green (G)

-
"W /,f/

| 4

Blue (B)

Jian

Intensity

g
"

UV—>NIR % x B G R
Wavelength 2 Wavelength i

Jdinasuyovauwin:a1glos

Calibrated data

05 -

04 -

Reflectance
(=]
w

(=
(¥}

(B) SWIR Camera

01 -

00 -
0 200 400 600 800 1000
Wavelength Index

Ready to be proud

NecTec!  TOGETHER

a member of NSTDA




MUYAUWUUU Total Lactone upowin:arolds

U-Net Convolution Network Jsuictudais total lactone oannmisnug

spectrophotometry = 16.52% spectrophotometry = 37.49%

U-Net = 12.93% U-Net = 17.12%

1
1
1
1
1
1
1
1
1
1

Segmentation

spectrophotometry = 47.95%

spectrophotometry = 10.29%

(Savitzky-Golay) v gJ
' : - = U-Net = 41.17%
jT—ny ] | 3 U-Net = 10.41% b
|| U-Net Network I lactone content| | 1)
| I o
!____I___I _____________ : o
Y

m

spectrophotometry = 40.66%
U-Net = 35.65%

spectrophotometry = 8.00%
U-Net = 9.67%

« uoyaawnasueiu VNIR ua: SWIR
Us:lidunduwuduans Total Lactone

 UJsuuUsvlulaa U-Net twoniungnwidudu
aisdnSunmisus:ldu phenotyping tuull
naney

Pre-flowering

al al
NeECTEC' BIOTEC

menve s NS T DR e NS TOR

‘I Ready lii;e proud
NeCTeC) TOGETHER

a member of NSTDA




uwluutusunna

+ S:UUCISIDIONIVNISINUASD=TIEVIULWSKaNYIWULINTU
(usarosduuu usu uu Drone, saunsniaos

o wuwasmsaaaanmahum QNuUIUIUS: anm’?mwuumuu
lwalmtawqmnssuua\)wzﬂuwoan

* UDanmsasdodavinuuavo: GiWuUINTU nnuwmtmwa
vaamsmoautamnuu JS: uuuaamoau?alwuuu

o Al D:QNUINIBILAST: huauanlwuumuu

¢ St uumumaaacﬂuuma fmu1m?zsunuusumumwumnuu

‘I Ready ﬁe proud



Thank You

‘I Ready lii:e proud
seETect | TUOETHER



	Slide 1
	Slide 2
	Slide 3:  Plant Phenotyping
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10:  Robot
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25:  Thank You

