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Growth monitoring of Chinese cabbage over East Asia with multi-
scale remote sensing and 3D modeling

fakAm/Shuai SHAO, 77 i8/Wataru TAKEUCHI
WORUR 22 AR E HAtT It 5T B/ Institute of Industrial Science, The University of Tokyo

ZE HRENLSELE) E BHIADEFGENAEZENMTVNTWE -0, EMOREDEZR Y VT3 EFTEIEELA->TWVWDE, ZOEZXY > TIE. +5
B OEEMZHERL., HRNAGREBEREZENT H2/-HDICEETHD, RT7VTHREOPRTIAERVEXIEZ, BHEOHR TEINT 20BN H 55KEHK
ZIRMI 2EELKREZRI-LTCHEY, BTV P TEETOLY —BE=ZR YV IDPRETHD, AARTIE, BEORRICEET 2200 FEA[ME, D
FURERBREBIRERIICESZY T, VILFRT—LBFEVE— by v IBLU03DETY VY IHEfi2HAELE T, E7 VP TEEBTOREORE
ZNRNNCEZRXY 7T 570D TENRT7L—LT—72RAET LI E2HIET,

Abstract: The monitoring of crop growth has become increasingly important due to the ongoing global climate change and the persistent anthropogenic impacts on
agricultural lands. This monitoring is crucial for ensuring sufficient crop productivity and mitigating the potential global food crisis. Chinese cabbage, a staple in Asian
cuisine that provides essential nutrients for daily consumption, plays a critical role, necessitating enhanced monitoring of its growth across East Asia. This study aims to
develop a comprehensive framework that focuses on two primary aspects related to Chinese cabbage growth: the growth environment and the growth condition. To achieve
this, we propose the utilization of multi-scale satellite remote sensing, in conjunction with smartphone-based photogrammetry and 3D modeling techniques, to effectively
monitor the growth of Chinese cabbage throughout the East Asian.
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0(¥)cavbagsantd p(¥) soi: the spectral reflectance of Chinese cabbage and soil
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SRF(y): the spectral response function of the Sentinel-2 sensor

|
|
R £ 1 . — :
| o~ g" g @ Surv?va| percentage = 1 :
: £ i A sretverens o7 ;
| . 3318 |
1 - . "
| Step 1: Create virtual Chinese cabbage fields VRl F v |
|
I Cooooooooooooooooooooes ;'}‘ . i7 i I
: : Photo measurements of 1 a & & 2 -PBE- I
X i Individual Chinese cabbage : 14 LEL H 08 :
1 | g a g s |
! ! ' sa seop
! : Point cloud : e A A o : - g :
i R e g 0.12 |
i i - y ; : Step 3: Evaluate reflectance of different scenarios 10 EXE'U(/R@ EE: VAND) 1&3}@\ E iiﬁﬂ 0s § :
"""""""""""""""""""""""""""""""" 1 - - . . . . . c ]
Lo e I : : Figure10. multiple virtual Chinese cabbage fields of different growth condition £ g
| | Y ' [ Growing Periods (4): Seedling period, Rosette A i ¥ 8 |
: : Shadow Fraction: : : period,Heading period, Dormant period : 010 & |
=5 RS, < —3 s . !
| : Cast Self cast : i : > 'f}if@x E' 7&}:&] 0)&%#;{—\ vl >~ 3 0 ft 0.4 !
! shadow shadow . ] . . . . . .
: : l : Sun Zenith Angle (3): 20, 40, 60 e | Equations for the reflectance simulation of virtual Chinese cabbage fields :
I I
1 ! 1 ! >' Si lati 1 \
! I ] _ﬂl imulation |, p{}r)cabbaga 0.08 |
! : SMA;E;'I:;::’;:““ : i Cultivation Pattern (3): 0.4*0.4, 0.6*0.6, 0.8*0.8 for each scenario | R(¥)cabbage = {Rair(¥)(1 — CS) + Ry (y)(1 — SCS)} — |
| ! 1 ‘ 1 4
I I I
I i I i ! - -, " S p(]"}soii !
: ——————————————————————— ) : i Percentage (3) 05. 0.7 1.0 Turkey's : 8 El ﬁékm T 0) 7 /f - )I/ l\ '7 - 7 R{}’) sail = {Rdl'l"{:}'r}{l - Cs] + Eﬂ’1f{:};]{1 - SCS]} T :
! ! - / HsDTest | 1 Figure 8. Fields experiments on Chinese cabbage field. 006 .
: Step 2 Validate effect bf shad fracti : : g p g R I(R(};:]Cﬂbbags * Fcabbﬂgs +R(F)sa1’£ * Fsa[I)SRF{F)dT :
1 ep <. vValidate e ect pr shadow fraction === o m e e e e e e e e e e e e e = = 1 SB?!SE‘DJ"z ISRF{: d |
RS SRR . y)dy .
|
UAV obeservation R = HRssnsar' :
1] Step 4: Construct 4-dimension look up table Ry +Rd[f 11 Sentinel-2@1%®i%é/\“/ F@}i%ﬁ’—?—\@SD}[/ v 7T :
Scenario Parameters: - el e . . ; ; : w == N I
Sun zenith angel: 19.95° Look-up table for Chinese cabbage of different scenarios v: denotes the wavelength: R(y) capbage and R(y)son * the radiance of Chinese cabbage and soil v 7T — 7, !
Cultivation pattern:0.4m*0.4m H _
survivalppercentage: 1 Rgir(y): the direct horizontal irradiance; Ry;¢(y) - the diffuse horizontal irradiance Figure 11. 3D look up table for reflectance of red band of :
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

I Figure 9. 3D visualization of voxelized Chinese cabbage of 8 growth stages R: the reflectance of virtual Chinese cabbage field.
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