Trait Discover &%
RAEE R

RIS
Lily Xu
Lily.xu@PhenoTrait.com

BEIE (650 RRERAS
PhenoTrait Technology Co., Ltd.
Pheng




2/, APPPcon
Beijing 2016

2, APPPcon
Nanjing 2018

2/, APPPcon
Wuhan 2020

China

Plant
Phenotyping
Network

CPPN

=4
Phenglrait iﬁ%

*FPhenoTrait

SIREIRATF2009FFns | S ESIEMREIRA, HEEFRIE
gz “HEYERE" X—MaThin

TAEMREEFRIY (www.appp-con.org) #ZibA&iE2E(L
China Plant Phenotyping Network (CPPN)#Z/i\ A& itCERfiL
B19EEFMENFAS (IBC 2017) ENRESSIHAN
EEYRBRETIZARiCIz—PhenoTraitiCiz—AY4AAE
2018E10HIETU Bk /3IPPN&#HtIndustry member
EEBRBEIRSE

S5 FmfUiE. BERA. BESIRIRS
| Bridge the Gap

* |nventors * Scientists
* Engineers .,.-.'.-... * Breeders

* Developers * Farmers
* Producers * Customers

Phenalrait




ta=iEM=RE

EYRE IS RRIEYAE,. A0, B[E. HOHEFEEY
LM THEESIERIEE, EIEMENER, HEAFREFFEEY
Bl B Y8 Fr = 4E Rk B HL3thia 53 Fe 4 EFN A PR S A4,

BEL, EYRBEAFABIENHAREE, RIUIAHIEF K, 2019,1:5-18

PhengTrait



HMREEIR

RSEMEIR

. EiE. 5E. £YE
HHE, MR, HER. e
fash. Tedh. nigh, hEE, SN
R, IRE. REEVE
REXD BB, e
REEESS

3
12
REEA. FRIER
st (EVMIEEYEMB)
K&, EKEE. RE
F5

EIBTHEETEIR

BRSE
TN
EA=Eg
TRSE

F5F

HRFEMER

PheneTrait



ZRERYE =

Speed, measured area

e

LREFH HisfE X TE HiE{TEXTFE TANES

o BRE ST - EBE - BEE - BEE - BIBE

- HUNBUEY) . BEMRTEY . BEMRTEY - FNRS1EY) « RARRS1EY)

- EEENE - BB - BEIEMEXEZENE - REEBThNE - RRENEZ
- BoitillE - HatllE - BIENEESNE - BmftE

»—_L

Resolution, repeatable




PlantExplorerR5I A REENERS

® MR R K IEH BRI Wt RE B+ ZIIERER

o S HEIE+A It RE+ B REEHEWIES

o LHMNERARERS, TeeNFBERERER

o HEME BN (1.3 Mpixel) . SEELLAE

® SE10 MpsRsk, BRI MATIELINRE

o LR NsRAIRT, EHEERKIE

® St F AR 10N/ E

= - ® K= Figit

® R ARKGREIN: frERR29 x 39cm; ProflPro+kR40 x 53¢cm ;
Pro+hR el NE1.2mEiEY)

® Bt BERASHMMRE S

® o] g EHITIERT AL RN E

® X \TVEERH TS IAYAR &, BY(ElIEH. JeariEhIf I SRR

¢ RAREMIZR BT

® ThREIR A BVIEHIFI 3 MR 14

0 EERLMKIHIE. BMME/AGTHIE. FIEHR. REHAR

PlrbRn:

ENEREEDEAR
C 5%;




Q,'“!w 2
' \‘w\\“i”lmi ‘{IMH | |~.

FIFE A YRR ASEIRX-Y-Z8 B a)izaE)

EFMEERES: 45cm x 200cm x 75cmef600cm x 300cm x 75cm
HRELYIVEKIS RS
Z2HIIHFEEFRRFCNIR + T FERBIIR + SRR
HEEIR+BEFE + IS +IBRIeE

EFE28E
TNRER RIS ERER 1

#ERI LA IR

SKIE— NI EIIERM RS CRKIFEAR

Plena: 1ot




*‘

|Buayd

. PhengTrait

. - e e = =

et "a .




mENERESESEMRETES

N

‘ \ /
£

748N

111
1

ET B EEM“Sensor-to-Plant”IB&i& it

RGBT HERWIRE 4R AEREN,. SHIEFS
TERRE: EERSBEETAEIMCHEL, BIHENEIHIEBRI[AEYIRITAE, FEEEEHNZR, NMEBEEEMNEREAR
NA: £83). SEEXDRAEEDEHE (MX) SFZFAKNRBEHERES,

AEERIL., EEARL. NFEBHFRMIR

Phens




EANEREG S

RET AN A& g FHR

= 4]

SR IR +HiERY

iR

i@

[ 4

&)

ZrlsRENENT WV EHKHEE
BREANTEHRRMESE, i HEMEFRILE.
KM & FHRRMM RS, ARAHEYH
R 15 2R G

AmEA. FEZNBER=MEHE
=REEN, TR, HMEHBIERY R ItES
Ehl e EARACE
ETREANTE, HaA. SnbtEK
EFRI K&z, sHEEEMKX, A
ARG, EEX, #17RRRXAD KL,
M T R AnURLSE 2 3K
Zi—mESRIFREO, 103 3hal el RZERITRIE
SHif

SCEREE SR, BT COFDMEfE AN, BILAfEHY
Eih, HhEERERERME 1728 RRE RN
g

Plena: 1ot




Trait Discover RZEE1Y

Phens



BT “Sensor-to-Plant” IBRX%it, BN TG,
R TEAERKRKS

MY EFEARMEERE TIEMNEY), RIFHER
LU A

EEHNE, BES. HNES

R BRI = HHOE (P 1 antEye

1R = BB AR TN B E R G AR E R E—1
R

FRIBX, YFNZEh ER =% S = EIE

SRR IS EMIESS BB IES I




T3R5y : %2 ER S

o WIIRITERS « T3imOHortControl ¥ R{ER S
« X\ YEEIRERBTE - RGgmERE

« IR EHRANZE « XWHMERE

o N E] ] PR « XRepRIZE

o RGH KA s ZHOTHIFERELHNEE

o Excel BUIRHERTE

xR

HERARERGZE, EETNIRGEH, TEEXRHKE!

Phens




Unit

HiN,

10m 8m

18m

20m

Phenalrait




Trait Discover Iif¥E{E

Phens



Trait Gantry H{ERZGEFMH

Phene rait




rait Gantry H{ERGTEH/RH

AR S5 EEFF KX
KNZRG, BRFHREBBNEHFIER

Phene rait




Trait Gantry H{ERZGEFMH

2B FHRE

FEFFIR— NExperimentH], BEMEZHEE,

5]— Exper i “EMNESE i
[El— Exper imentd, AEINK E PhengTra“




PHENospPex

PLANTEYE A4 X-Direction scanning range (mm)
-600 -400 -200 0 200 400 600
gy o
200

Z{mm)

1con

Z(mm)

200

400

600

800

1000

1200

1400

1600

2

Resolution px/mm
4 6 8 10

Phens

——7 Resolution

—— X Resolution




ﬁﬁluu.*i -SRI
i s WX oo BV

18 4 l_—jm: 5

Xiy ‘e X

SRR TR\

Y
——aE . s - YEIEES: YiHBsaEE, EEAN
S 15833 18000mm
« 1-50%%[B]EE : X§H A 43 A504&8]EE, B
B AN 1F#8128400mm

: XHF AR ehEE

SHE B VEEEm: 00 |30

I—Wjﬂ‘l? 000 J2122] | J3132 oo0 |

000000 J1314 FO—J 23.24 ‘TJ 3334 [o_J 4344 | 000 |
I—J 115 [Towa'" || 2435 [Taoe | 3435 [Tooo | 445 [ oo
:TJ 1516 [ oo | 2826/ [Tomo || 3s36 [Toeo | 4546 [ 000 |
[oo0 | 1617 [ 000" | 2627 [ ooo " | 3637 [ aeo | dear @J .
J 1718 [ 000 || 2708 [ ool | aras [ oeo | 4748 [ oo} °

EB}

R J ?J‘ 28.29 [O——Jl 38.39 FJ‘ 4849 ;AOJOJI

10 %r | 1820 [ o0 2930 [ 000 | 3940 [ oo s050 | ooo | . . s

LR - vaE v eBaER, 0w,
wo | vam: w8 | iR (8]

af

><
P
)|:E )dI:II )‘TEI:I'
/¢

HIEMNEEE

I

FLR G =|

Phens




StEz{
Jw&s%ﬁ X oo ‘
sty | oo il SElZ 4L

P

THEA 2 5

l TR S

12 [1000.00 | ma2 [T | 2122 [Toce

y | 1215 [Tooo T | 2425 |
3 D‘T{saf | 2528 |
2 é>_J67{ 0 Jmm[

GEEE: | 80.00 J R 1 30.90 l

Y&

Syl

EIESE: YHPBEmES, EEAN
18000mm

1-504% (8] 6 : XGHTA] 92 A504&[8)EE, b

EB}

><
P

= <
)H )dI:II )‘TEI:I'

FLR G =|

I

AN 1F 8 13 8400mm
: XEH 5 IR EnEE
: Y35 e EhiRE, 30mm/s,

& EN SR

i

I

B Phens




X% F0Y ¥ [=] B+t
EEEY=

e E X NEEL S A YiRF oA AL E
+EIEHIE +S{ERIE
-SERE -SERE
X35 2 [ 5| & &5 VEELZ RS

Phenalrait




SHEENYT, FTHBEHITEZ

Phene rait




RS ME TR X
ERaE, MERERLHEN |
Phenelrat




PlantEye & EX8F3XHH#R1E

Phens



HORTCONTROL

eXPERIMENTS

Stop or create new experiments.

Monitor your system.

DasSHBOARD
s

SCIGHRIR :

WEIWER, Fia/fFLEEmNE

@& phenospex ® Sign out

PSX DaTa

Filter, download and analyze your
data.

SYSTem

Advanced system configuration
settings.

Phens




Id”'}

Step 2 Step 3

Step 1

Select
blocks

O e
design

Configure selected
blocks

Experiment

experiment

Step 4

Start!

Status [l Free | Ssiected

IEIFESERE AT i K RO X 3R

Phenalrait




Sep1 Step 2 Step3 Step4

BLOCKS SELECTED
30
Select/Create a layout for your blocks

tock layout
Dian Hybrid Rice Block splitting

Block dimensions

Pot height (mm) Unit dmensions

0

Positioning

Clrcular crop radius (mm)

10002

split configuration

Rectangular

WEXR (Block) FRJEITT/IMX (Unit) 7%

Phenalrait




Block 4

Genotype Treatment

genotype Unassigned

Tomato

-300
-200

Genotype alias
-100

2 unique alias
100
200 Species
300 '

Block width (mm)

qc_2

200
400
600
800
1000
200
1400
1600
1800
2000

Block length (mm)

EE N FREERFLIERN 2B IR

Phenalrait




@& phenospex ® Sign out

HORTCONTROL

eXPERIMENTS PSX DaTa

Stop or create new experiments. Filter, download and analyze your

data.

SYSTem

DasSHBOARD
s

Monitor your system. Advanced system configuration

settings.

TR :

EESLWHIE, Fin/fFLEKmNE

Phens




Step 1 Step 2

@
Select experiment Data analysis
ELelils Height (mm) -
500 | Morphology i
Digital biomass (mm?) :
450 i Height (mm) i
|
Leaf angle (°) :
400 Leaf area (mm?) :
|
Leaf area index (mm2/mm?)
~ 350
E Leaf area (projected) (mm?)
:: 300 ! Leaf inclination (mm2/mm?) 1
|
{; Light penetration depth (mm)
D 250 | |
= Hue :
[a)
200 &i
NDVI B
>
EI
150 =
Greenness I
18 Apr 20 Apr 2 . May 04 May 06 May

M. — — R SR

«  BYEIFFHI T RYBIE E AR
« AEEZTSHER
« BFEELBMNELRFARRIDLEE

Phens




Mapping

I| Color|

Color

L) Hue

NDVI
Position
Height
Red o

Green R

v

ub-’ Mapping

[ hoigne ____J -

i
‘
x
- ‘\
0 200 400

Palette

=

|-~

Rainbow v

\
AT ‘
o .
s i T i
5
Mo,

B —HHNEEE

)

View

Mapping

Mapping

NDVI -

G il
-1.0

-0.5 0.0 0.5 1.0

Palette

Rainbow

View

Mapping
Mapping PSRI v
[| NIR

|

1.0 0.5 0.0 0.5 1.0
o 100 200 - .
Palette
Palette [ — .
3 { Heat ¥ ]
Rainbow w

Phenalrait




HORTCONTROL

eXPERIMENTS

Stop or create new experiments.

DasSHBOARD
s

Monitor your system.

(SCREHIR :
ERRGNT, BEERSFELIFR

@& phenospex ® Sign out

PSX DaTa

Filter, download and analyze your
data.

SYSTem

Advanced system configuration
settings.

Phens




ﬂf @ psx-admin

experiments active La ST SC a n . +H
1day > 1manth * EEiﬁ_;xj:a *E Hq-

EEEE

. SIRIRES

-+ BRSNS
. Wkl disk usage

. REERE | |

scanners online <

jositon

Phens




@& phenospex ® Sign out

HORTCONTROL

eXPERIMENTS PSX DaTa

Stop or create new experiments. Filter, download and analyze your

data.

- DAaSHBOARD SysTem
Monitor your system. Advanced system configuration

settings.

RGEHRIR
HITRGRE, 8RS ME. HXBEFERE

Phens




RgfmEgE
SHRE
HEFERIEETE
HPEE

HORTCONTROL

SYSTEM

28 Layout

Phena

Database

& Terrs

!’ @ psx-admin of

Phens




PlantEye #IEINEEIRIR

Phens



PlantEye#{#E IR BN 5 8

Bk ?
B 7

e PlantEye m)

e 3D Scan LY

\/ ® EHFESH & LiESH

(S, HER. £ 4. 5. 5

. | g, g, Itk IEZ05h. EHEIEED
. KEERE)

Phens




ﬁglb"%"%&
Morphological Plant Parameters

Phens



PlantEyeA] E#R1GLL TESFESH

.« BkiS « HEFR#EZ (LA
- HE o M

I HEFA « MR

- £YIE « XFERE

Phens



— Height

> PlantEyefEiT EHkERT, SHEHE LIR10%MEBHBEY, HEIZEEZHET

=, HEHSE.

Phens




HortControl ¥ IE: %5

Step 1 Step 2

Select experiment Data analysis
Sl Height (mm) -
500 ! Morphology - i
Digital biomass (mm?3)
|
450 T Height (mm) |
|
Leaf angle (°)
400 Leaf area (mm?) :
|
Leaf area index (mm?/mm?)
~ 350 I
E Leaf area (projected) (mm?) |
|
:: 300 - Leaf inclination (mm2/mm?)
f; Light penetration depth (mm)
@ 250 :
T
Hue :
[a)
200 i
NDVI 2
=
©
150 3
Greenness |
18 Apr 20 Apr 2 May 04 May 06 May

%, &

ﬂL_F,\h_,~.,w~,d~,,_,4_,4~A,-h4\~¢-rJ\nq-» — -*~—'~—"4‘*4\’“‘**“”*‘“*““*“’“‘*”‘””‘““‘“Jt
PlantEyem[ 1% ZE S50 31, HortControl A SEINHIERISEATEF

Phens




3D HE

HmE#F (Leaf area)

R HEF(Proj. Leaf area)

FA(3D Leaf area)

o

—
—

o

o

Rt
.
oot
.
s

SN AR S AR A ER Y ER

(NEIZERA IS ER A E

= 2itH)

Phens




HHEFRFEH(Leaf Area Index)

- BATHEI FEYM A ESER ST EINAEE

s HEFA: LAFMREEZER/LER
- HERERERBRMEMEHR A BT RIS AT

> LAIS=E&Ex. HLAEMNE—ENRER, BHESHE, XBARE, AEWE
w55, FFERWM NE.

Phens



H#if (Leaf Inclination)

iz

tHigs

Leaf Inclination Angle

D‘fﬂﬁ%

N

AR
Al

R
RN
NS

Leaf Inclination

,}(

- MHfiARIEM HEmAY

Z5KTHERA

~
~
/

O
N\

N
A AN
AR NN
AN Y
NN AR
AR AR
AT L]k
AR
AR
{ Nkhng
AN

4: //
RS
SO

1 - (or 0if total leaf area is 0)

cma/cms2

Value Range
Unit

e %

(=2
/2

JL
X

1y iTEAVE:

N

£
A%

/

/\ﬁ

\

o ITH

> M RRAREMRE, ERERSEN

Phens



=

e . SEFHEBEIOM A, MRS Z

> MR

M3k (Leaf Angle)

» MrRAEREM REERAZLSERSE
MRIK A

THIRA; MTIHRTSHAMA,
ARk 2-3k o Al ERT /A, BIART
mARANETEFH A,

IR RRIEIHREY, EHRREN

Phene




FEIERE (Light Penetration Depth)

« BNMESEE: 0- OO, BHf{i: mm
- LPDRIEHIAFELEER LUAZ|R
% R A

- FEFHTEYEE

— LPD

> LPDA] LU R BRIEIEE RO ER R

Phens




KIESH

Spectral Parameters

Phens



Hue (&if) I

RGB Color Space HSV Color Space

Hue

Saturation

Value

0 240°(B)

Hue

EGQEF, HSVERTIHREME S E], RGBEIEFF I RETREFHE R AR E 44K B K

HEIREER. Ltk afEHSVEE FRHZE E (Hue)BYSeE A0~10F1340~360.
Phens




density

0.04 1

0.03 1

0.02 1

0.01 1

0.00 1

Hue (&iff) BINH

120 180 240 300 360
Hue [°]

60

o4

160 180 200
Hue [°]

220

240

260

280

300

320

340

360

Green Red

Blue

Color Image

Hue

Saturation

Value




Reflectance

Greenness (4REE)

BLUE

GREEM
RED
MIR

N

00
Wavelength

—— High Greeness Low Greenes

EEE&AEﬁIﬁTﬁ@ﬁ EHIRHRTH

Phens




PlantEyeZ% it &%

ZRIEERRSH
1#iE B EZSE J T
Red(R) 620-645nm 20nm
Green(G) 530-540nm 30nm
Blue(B) 460-485nm 20nm
Near-Infrared(NIR)  820-850nm 30nm
> #Hig ERATRIIFEHBR. G, B. NIRIUHM

~
|

=R

241 NDVI. NPCl. PSRI&

CRAARIEIERE, PlantEyeE#

o

Reflectance

0.5

045

0471

0.35

0.3

0.25 T

0.27r1

015

017

0.0

300

400

00 00

Wavelength/nm

800 800

Phens

1000



NDVI (VJA—{LiE#E g%

NIR—-RED
NIR+RED

e ITE/AT: NDVI=

.+ BUESSE

: [-1,1];

dll

o EHKE WL, WITIAHS,
RETIELI M Z%, NDVHEBK;

> NDVIz

=3

View

Mapping

*1 NDVI

> rpvn

O

2.3

™ Palette

'1 Rainbow v

R 8 #4578 55

E. KBBAF

)
2 [ $ r
nl
Iy B 4 T |
X z " " . z 1 AN
- T s ’,0
Color 4 dmt oo FZY N 3 i iy
K " | ¥ s .
3.2 : s
. ]
) 3. I - ' N e
D ' g
5 - . + - 5 x
r .
/ 4 I s 3

Phens



NCPI (3—{LE2BFESHZEFatb{EHIFEED)

View
RED—BLUE
e IHE /NI, — — Mapping g -
THHE L5 NCPI RED+BLUE { (= sl Ay
- BMESEE: [-1,1]; :“
Al Y
- TERNEHWIHERERSE; ik L ¥,

o Palette

{ Rainbow b ’

Phens




PSR (HE#HRRIER)

| et s\ = _RED—GREEN ,
e IFTE/T: PSRI= — View
Color

- BUESER: [11] #&\EY): [0.1,02] | =
- BEXPE MNESHERRILENREE;
* PSRIBVIGEIRTI/REEIEMERIIEMN. HI |

TR FFAAMEN R MRS s

> TERTEHERLN, Ei9EIEHaRN. {EEENEZES TS
Phens




PlantEye##ER T~

Phens



IR = 4RO

Color Information (RGB) NIR reflectance (860nm)




2019.04.21.

RIgR

2019.05.06.

RIgR




OJCIC,

L) Hue

G J-
1
‘

e

View

Mapping

I[ Color|

Color

 NDVI
Position

Height

i Mapping

|-~

- f/
0 200 400

Palette

Rainbow v

INE =R R E—MEREEEL

View

Color

vs Mapping

NDVI -

s Sl

-1.0 -0.5 0.0 0.5 1.0

Palette

Rainbow v ]

)

View

Color

Mapping

= i~

i -
\ 7
s
=t -

(] 100 200
Palette

Rainbow w:

‘| . Palette P

View

Mapping

{ Heat v ] som T

Col

Mapping
PSRI

1.0 -0.5 0.0 0.5 1.0

" Palette

’ Heat v




INE =S R m—H B RS iE

Step 1 Step 2
Select experiment Data analysis
F—FR&H—1TM
PLaNTS Height (mm) - X (EEE=LIE)
500 _ Morphology
Digital biomass (mm?3) |
450 ' Height (mm) :
|
Leaf angle (°) :
400 Leaf area (mm?) :
|
Leaf area index (mm2/mm?) :
~ 350 |
E Leaf area (projected) (mm?) :
: 300 - Leaf inclination (mm2/mm?) :
| S— A >,
'g, Light penetration depth (mm) [ ﬁ%’g?&ﬁﬁ
.,—i |
[} 250 :
= Hue :
a)
200 =
NDVI é:
150 gi
Greenness I
18 Apr . May 04 May 06 May

N ... - - e e e e Phens




Cloudcompare B RBRIEm =

@ CloudCompare v2.11 alpha (Anoia) [64-bit e
_| K é 1 X &t e & :l: SOR ¥ £ -
DB Tree
—J @ QOpen file(s)
o JE] A > HER > SE > SRR v U | EEEREE
1:1
AN ~ FrE == -
+ —, 2
REE ~ &R feHEs  °
& = 6] A-1_20190423T030805 S.ply 2019/7/15
d - B-14 20190506T213439 M.ply 2019/7/15
| @ OneDrive B-14 20190506T213439 S.ply 2019/7/15
. S B-15 20190506T213803 M.ply 2019/7/15
-+ , 3D X4 B-15 20190506T213804 S.ply 2019/7/15
. \ B-20 20190421T130719 M.pl 2019/7/15
X B A - Py o
" B-20 20190421T130719 S.ply 2019/7/15
— =
jut = B-20 20190506T222425 M.ply 2019/7/;
& BRI B-20 20190506T222425 S.ply 2019/7/15
* M | | CloudCompare v2.11.alpha setup x64(1).ex.. 2019/7/15
= »ER 75 CloudCompare v2.11.alpha _setup x64.exe 2019/7/15
(9 o 55 data-20190715(1)zip 2019/7/15 «
v < >
(7 1
(T B (N): |"B—2U_201 905067222425 M.ply' ~ | All (**)
‘!“ FIF(0)

HUH

Phens
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@ Ply File Open

Type |PLY_LITTLE_ENDIAN

Elements Properties Textures

Foint X vertex — x [PLY_FLOAT]

Point Y vertex — y [PLY_FLOAT]
Point Z vertex — z [PLY FLOAT]
Red vertex — red [PLY_UCHAR]
Green vertex — green [PLY UCHAR]
Blue vertex — blue [PLY UCHARI
Intensity None

Nx None

Ny None

Nz None

Faces None

Texture coordinates None

Texture int&gg%3 None

Scalar vertex — intensity [PLY_UCHAR]
Scalar #2 vertex — nir [PLY_UCHAR]
Scalar #3 vertex — ndvi [PLY UCHARI

Add Scalar field

Apply | | Apply all
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3D point clouds with sampling positions from B-1:1
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