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Abstract

A Study on Estimating the Number of Yuzu Leaves from
Orchard Point Cloud Data
Using Backpack LiDAR

SUEHIRO, Inori

One of the problems of yuzu cultivation is the large amount of labor involved.
Yuzu cultivation is often done in mountainous areas, where it is difficult to introduce
machinery. In addition, there are many tasks that are difficult to mechanize, and the
amount of labor required is enormous. However, the number of farmers and the area
under cultivation are decreasing due to the aging of the population, and there is a need
to reduce the amount of labor by improving the efficiency of cultivation. In order to
realize efficient fruit cultivation, the management of the leaf-fruit ratio plays a major
role. Failure to maintain an appropriate leaf-fruit ratio can result in biennial results.
Therefore, it is necessary to maintain an appropriate leaf-fruit ratio for each tree to
ensure stable production. However, manually counting the number of fruits and leaves
is time-consuming and difficult to manage.

In this study, we proposed a method for estimating the number of leaves on trees using
point cloud data obtained from LiDAR, with the aim of automatically estimating the
number of leaves on trees. After separating tree data from orchard data, features were
extracted for each tree, and an estimation model was calculated using principal com-
ponent regression analysis. The model was validated by one-by-one cross-validation,

and MAPE was used for evaluation. The best MAPE was 13.4% and 9.5% for the two
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parks, respectively. The fact that the value was smaller than the MAPE of the weighted
multiple regression analysis in which all the features were used as they were, suggests
that the formation of principal components leads to multicollinearity and dimensionality
reduction, enabling the calculation of an estimation model with higher estimation ac-
curacy. The MAPE results and the principal component coefficients confirmed that the
information on tree height led to a decrease in the estimation accuracy of the estimation
model. Therefore, it was found that the selection of effective features for estimating the
number of leaves according to the characteristics of the target parkland would lead to

a better estimation model.

key words Leaf-fruit ratio, LIDAR, point cloud data, principal component regres-

sion(PCR), MAPE
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3 5.

Tree Segmentation

LiDAR
Data » R H

LR X J
L el -
Brane
BEN® @

[

L
- W

Frua @

*
SaWae

DBSCAN + k-means

Watershed

Calculation
of
Features

Analysis using
Principal
Component
Regression

Leaf Number »
Data

3.1: |EFHEOHN
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3.1 77 RR) ¥ I7FEEEHCTBARSEEE

3.1 U3RR) T FEZRVWIEARDEEE

BT — XD 3 ZorBEERETE,L L, 2EO 7 X2 ¥ FFiEE AW TEARLE 5t
3%, &ONZ, LIDAR 57— &2 5 R T — 2 2 4] b H UHLE SR 79 2 HIBR L 72#%2, DBSCAN
¥ k-means IEZRNEICEITT 2 Z 2 TBARODHEEZX 5.

3.1.1 EaEET—2DHNIE

LIDAR 226 B/( 6N 2 RBDOAET — X h oK DHEEZ FITTE L7 — XITUHT 5.
LiDAR 6o b HBEf 7 —XI1EK 3.2 D LK 512, EMELOHESLE Y TA->TW
3. D, FEECTEMT -2 KE0IcY)b H LK, HEEHs & RS0 5
BEZ1T 5. HEo2EECIE W.Zhang & [20] A5 2016 £EIC3#£ L 7z Cloth Simulation Filter
(CSF) &I 2 74 &) Y 7FREEZHVSD. R TERE A HILEINTH 2 Z &
ZERL, BN RX—K%K 31 OBEYITRE L. FIERCTEHEEZYID L AR ZX
3.3, CSF ML DAiRZK 3.4 1ITRT.

% 3.1: CSF D85 X — REFEM

Parameters value
Scenes Relief

Cloth resolution 1.0

Max iterations 500

Classification threshold 0.5

- 13 —



3.1 77 ARV ITFEE WA EEE

3.2: Lo FEMERET— &

X 3.3: EHEE 2 YID H L 77— &

3.4: CSF I THIE ZHIFR L 72 7 — &

— 14 —



3.1 77 RR) ¥ I7FEEEHCTBARSEEE

3.1.2 DBSCAN |Z & 21K

RTLER 21T » T s BE 7 — X IIHIE T D 2 4 XIZHIBRE A TW 35, BLoEWHEE )
A X% ) A APGFEHET B, TDB, /A RDEEEZFIT WFEEZHVZBELSD
%. AR TIZ DBSCAN Y IMFENh 327 52K v 7 FEORMICER LATEICHL
%. DBSCAN & M.Ester 5 [21] iICX o THREBINLEEEN S S 22) v 77TV X
LTH 3. [EEOFEUUNCIEET 2 mBEBUCIE U CHEBUE HIN U, ST65 0 sSRE% A R
% RE2ETr 7 AZDBEET 5. DBSCAN OFfH L LTr 7 2R BEEFMIEE LR
CTEVER A XDOEBEEZ LKL, /A XARERATE 28088 FoNn5. Kif
FTIEEMDOBIARF L OMES Im BETH 22 2 ZERLPEFEAT A —X% 0.2m, &
INREIR TG A =2 7% 30 EREL. ZOK, WEFRMICXZAHEEDISDERFHE
BEHIET 2 22BN LT, RBT—2 %2Rt L. K7 234 ZEETH
70 [12] CTHEE L RERBOE» &, #ET T VOREIICEEHN D 0.05m OH 4
X TiTo72. DBSCAN % AT L 724 HR % Fig.3.5 12" 3. DBSCAN T X o TR D KR
CEEN TV ABIRIEZZ FRZY Y TENTWVWE Z e BHERTE 52— T, BrOBIARL D
G- TV ABARRILIEFAT 7 AR LTI IRARY Y TENTVWE Z L DHRTE 5.

X 3.5: DBSCAN D&% FE{T L2458

— 15 —



3.1 77 RR) ¥ I7FEEEHCTBARSEEE

3.1.3 k-means jEIC K DA

DBSCAN T 7 BT Z RV KD UIZ k-means 7 % W 7. k-means 7%
J.B.MacQueen[22] IZ &k o TIRIBXN/-IEREERN 2 7 2%V v TORENFIETHS. 77
A2k BERIHEEL, 77 AXDOEERWTT—2% kM0 7 21257813 % [25].
COFHEIEEDPEHRTHOD LD I FRAXBERET DI LHNTESZ—/T, IXXTOD
T =BT FAZDNT NI DR, ME) A XREBBRT 5 ZHHI N5 RED
H%. 74 X3 DBSCAN OEBETHRALTWD A, ZIZTIE/ A XDEERPZTLI LR
il LIBIRT — X2 EED 7 7 ARXIZEHIDIRD Z 8N TED. BT TRARDT— XD 2
B EDOBIAR T — 2 D& DHIW % 3 2 B HIEEAT RO S E R Lz, 79 20
HFATAHFO DB RIMEEEZ TV 258 3EHOBARIES > T2 LKL, k-means
B2 AWV TBIARTEEZ i A7, BIERSETHEOBICET L 2 &SRR O AT M o7
B 1.5 ICRE L. kmeans IED 7 7 A XTI k=2 6L, 75 A3 FEN-%
NZIDT —XDOMEEATHAOTEHDBEEL D b/NELRE2FE Tk ZHEPLT. 20k X,
k-means EDOFIFSE T LEWGAEZERL, k=20 I1C% > RS TUHEZFIET2 X511
WE L7z, k-means (KD A% FIT L AR % Fig.3.2(e), DBSCAN #1Z k-means %% 5
1T L7451 % Fig.3.2(f) 123, DBSCAN #IC k-means i£% %173 % Z £ T, DBSCAN
TIE BT X 2200 o 72 BIRFEI L% k-means JETIX 2 DD 7 7 R RIZHEI I TWIBARD
ELLDETETWA Z L DR TE 3.

— 16 —



3.1 77 ARV ITFEE WA EEE

3.6: k-means ED A EET LR

3.7: DBSCAN ¥ k-means %% FET L =FER

— 17 —



3.2 watershed {£E% FH W72 BRI BEE

3.2 watershed &% BUL\T=BIARDEEE

3RILY 7 AR T FERERAWTHARZ TEET 21K, 7%ty bO¥ A XITKREL
KL, EHDA T IUIINNFEET R B 2 CEITRHENEL 5. ZOMEZRRT 27
#¥2 LT, watershed IEZFH W EEET — XL OLDOBIRE T X VT —2 a VFEMERI N
TW3 [26]. J.Yang[27] 51X, marker-controlled watershed % & LiDAR mi#ifd> & D 3 X
TCZERI DTN 2 W BAR e 7 X v 7 — > a Y FRERREL, ZOHAMEEZRLT:.

AREITIE, FETREZERS 2 2 2% HIC watershed 7% F W 78R 5 BiEE 2 5T L
o, REFEOINZK 3.8 1R, 3 KLRMT — & 056 2 Xtz LML, Fvrt
NZERY—H—"RET S & T watershed EZEITT 5.

Create a tree height map Watershed methods

Ground Estimation with RANSAC

[ ] Image Binarization
Projection of ground planes and
o';::tae]rd » [ normal vectors into space »

Opening

| oate

Get the highest point for each block

)

[
[
[ Setting Seeds and Markers
[

Create an image from the highest point Apply the Watershed Algorithm

. -l
Ty
‘%o »

b

"PasiesP "_’:" »
P shpiies P
P s s wddP B

3.8: watershed IED i
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3.2 watershed {£% F W 7= K75 BEE

3.2.1 ®E<vTDIER

watershed %% WV 27 0121%, £33 XCHRBET — &5 5 2 KITHEGE (ERLT 2 HEH
B3, 20CEGIE, 3 RITHEET — X 2 HIEHFH & 2 OERR T M vh &7k % 22 I s
Lk, FH7Bay 7HORSEVHEEMIET 2 Z e THAROEI 2R TEGE L TEKRT
5. B~y TOERDA X =Y %K 3.9 1TRT.

expansion

il
& &

s 4

Wi K .

"*‘&F«,*I"““
#q ,,-.,'.‘ ;,35
TRw 4 quqt"#&#

Block size: 0.05m X 0.05m

3.9: g~y TOERDA X —

7D S L - B E DR ES 2 -1, MEET— X B EEE E FOERAY L
R T 52T 5. ABIRTIE, HEHAZ PSS ERERARY Ml ey, en, €3 %
BT 5. £73, BEXRZ ML qy, q2, q3 KD 5. HiEAERLZK (3.1) T2, HER
N7 PR (3.2) 7B,

ar +by +cz+d=0 (3.1)
w = (a,b,c) (3.2)

BRAZ Mg iEqn=w & LTZIT S, KIS, B2 MLy =X~ 2 by
BIfRICD B R PR v1 = (1,0,0) €T3, 2O wk vy O—KMIBRRS, HENY
kL g2 133 (3.3) TRD BN,

qy - vy
qi1 - q1

g2 = V1 — q1 (3.3)

ERNRY ML gz X, BEXBERERT ML gy & qgx DAEEZHVTRD 5NLE. HEDEF
xRN (3.4) 1TRT.

q3 = q1 X q2 (3.4)

— 19 —



3.2 watershed {£E% FH W72 BRI BEE

BERZARZ FUER (3.5) D& ICENZPROESTEHZ 2L TE, EHERRY Ml ey

, €2, e3 BIRD LM TE D,

qi q2 qs
= 77 €e2= g7 ., €3=
llqal llgz|] llgsl|

IR, BoNIERERZRY MR EORBIOEEZ KD 5. Hp DG, ERIER

€1

(3.5)

N7 MVER EOERIER (3.6) DESICKD. ZDOLE, IRERZ MUE 2 BiAHTH S
72, 2/ IFERNRZ bl ey EHWTEHEINS,

' =p-ex, yY=p-e3, Z=p-e (3.6)
FRTEHELE 2/, ¢ FHETEDO IOy 794 ZIHE LK, &70y 7128 EN 55
POl LSRG BVWROAZHIE T 5. ARFETIE 0.05m X 0.05m O 71y 7iZ77El
LTW3. 278y 7oREREEN L%, REROERE AW OBEREGE2ERT 5.
ZOrE, HREMIEZEORNMI RAMETEREL, £7vny 21 HRL 35, HEHE
RS R %X 3.10 ISR,

3.10: fE~y 7

3.2.2 watershed EDELT

A% TIE, watershed 7 LTV XD 5% JYang[27] 6 H{EH L T 7 marker-

controlled watershed EZ FHHWTHIARD 7EEZiRASZ. £3, FEHEILICY—FEEZED

— 20 —



3.2 watershed {£E% FH W72 BRI BEE

Y= A —HRERET S, KT, HGOMENLZALE L, ¥— F25KMHRNATL % &
SWCIRNY LU THREDE TS, ~—F— IR ERTH 2 Z L DHEZER, WETH
% Z e DHEF R, COEBICET 22bh bR WEHBOEERISEENS.

BAIDRAT Y FREAT 477 4 NE—%2lioTHERZIZNT I THS. TOTET/
A ZOERBERT 5. AHETE, WIHBTOERPLONZ e 2F@L, h—3HL 3

T ZITS. K2, REMECAFEIC XD i e RO Z X773 5. 2 D DH DS

HEPX 3.11 127

X 3.11: —fE{LLHEE DGR

b B 57

EHROHEN IR ZED IR T A — =V U Z1TS. ZONIHIC XD, HRETICHES
) A RXBRBRETZLFEZ, BRDBOBRD o TVWAEDTENEETZ N TE S, AET
WBEAh =% 3 L TA—T=V 0% 1 [EfToTW5. X 312 U OETEKEZE

BLMRERT.
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3.2 watershed {£E% FH W72 BRI BEE

1time

3time

5time

3.12: A —F=> ZHDFER

PR DICHFRICERE R0 2R TS, /4 X2FRET 57DV
JOTF—XIHERILEZ L, MEFICHERLEZRDEDE2MIET 5. AT, KD zE2H
REHELRNESITAH—F0 3T 3 R 21T o 72, X 3.13 1%, B[R ZZEH
LRz ny.
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3.2 watershed {£E% FH W72 BRI BEE

1time

3time

5time

HEFHICIAT D 2 i Z M T 5. fHERRHNCIEE R & DR 2 51 5E 5 2 FREEA
ZRHWS. AR TIE, TREED SR EVERZ 100%E Lzt %, BFKED 30% % T
D FRBERIPA 2 VAT & A7 T &S ICHIEZRE L TW5. BIEZZE X T ZRT L4

HEMX 3.14 12T, 2 watershed EEFEITT 520D — N 8 5.
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3.2 watershed {£E% FH W72 BRI BEE

50%

30%

10%

3.14: BMEAFH ORER (HEBIIHER RO I THYD, >— FEHERD)

CNFE TR B RER e VREROH O NEBEBZRE T 5. K315 1%, &

T [H321H 0, PIATEIZ B2 ME 255, D72 EEZ EZRE 128 TRLTWS.
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3.2 watershed {£E% FH W72 BRI BEE

g L { Y -

To sAnbesr P
TP w cpoweyw P

3.15: watershed /ED A J] & 72 2 & HZE D HH

2 —H—F TN E T SN EFROERICESVTER SN S, 5, YikrER
TH5ZEPHEELEBIZIEDHETT NVEIET 5. RIFETIE, TRERO I ~LE 1,
YIHATEIRD 7 vz 2 DR 5 5. RICE DD DD 5 RN EFBIZOWTIE T NLE
0 29 %. Hf&RIT watershed EZFEITT 5. ETHREEZK 3.16 IT7-F. ZNEND R
HXNTWB e DHERTES.

3.16: watershed {£DFEITHERE
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3.3 BRI oRHEORH

3.3 BARZCroE¥EENEE

BIARTER DFHANC & B SRR R IZHA S 2T\ D, BIRT — 20 5 BB ORHH
B UEREHE T 2 2EBMBITZHV L. KX TR, AT — X DR[O HEIEER
EHWT, K7z a8 DORHEZENT 2.

3.3.1 #ig
BIARORME Y L TR NRBMNABEZIUGT 5. 12U D ICET— %25 RANSAC %

W C B OMIE FEO R E WM T 2. FEAERIERO (3.7) RCEEN2.

ar+by+cz+d=0 (3.7)

RANSAC Cf8 &M 7= MU T H & 545 (2, y, 2) OFMEF (3.8) RICTHEML, BbASL
R T5. 4 A—U%E 317 IORT.

ez + by 4 cz + d

L

(3.8)

= (x1,¥1,21)

SEEASER ax+by +cz+d =0
X 3.17: FEAEHDA X —
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3.3 BRI oREE AT

3.3.2 1EMHORAR - BB RDDE

BEAR DI AT NS B IR D133 LB IEFTIE RV, ZD7DE2 D 2 &R
EL, HEHRORE M - FEAmosBEREH T2 28T, BIARDEDS D 2R T 2.
FH 5 160 & R 171 O 4y BT P 1 380 2 A HUTAI (3.9) 2 HEHEMEREET 22 b
TRDZZEDTES. ZOK, Cuppldx DT, Cyy 3y OITHEL, Cyy 13 zy DIEZELT

(CL“ Cky) (3.9)
ny ny

AT, 3 RITZERNICB W TEBARD Bt 7 — & 2 M SFENICH T U721, 2 RoTEEeE
PHUSG T 5. FEAEZHLOD /51T watershed ORI E~ v 7OBEH OISR Lz 5E L
FETH 2. Fotk, HoEUTHERD, EHMED SEHGTEDTE Mpes B & G RO
D Amin ZRKD 2. BBHOEH AW - HE GO TEHOAEH D A X —2 % Fig.3.18 I/~
. AT, B O0XDEENARKDF—X L RICHEMICR S X5, EERZE vV az,
VAmin ZRD 3.

H5.

ax+by+cz+d=0

-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8

¥ 3.18: HUEFEA DR LM O KRBT - T HOSBMOBHD A X —
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3.3 BRI oREE AT

3.3.3 BT LDEARH - BHARDLND DDHE

CNETHHLUTELEHER, SARPHEEIAZRE 1 AHOAOFEHZ FHWT
W5, ZZTREART—2Z2—EDmX T ichE L, &7E g CcoMEFEADIADD
SEEMT 2528 T 3 XMt T 5.

FU I, BIART —&2MEEE S FIEEORICHET 2. KL TIEEED 1.5m
530mTH2Iehrb, THEZ 60 L RELL. BARTFT—220H LK, SETOH
FEAT NSNS 258 REZ 3.3.2 DFETHM T 2. 20%, FEOEERED I M%Z
K319Dk5ICELD 5.

Distribution of Standard Deviation

calculation

Standard Deviations

o5 10 15 20
Height [m]

X 3.19: BJEICBT 2MEHOEREFAZEHT 5

K2, BEOEEREZDO M OEE L REZHWTREZME T 5. FIE 1 X (3.10)
KNTRDZZeDTE, ZORD 2 IFBOREE, f(o) FHENERTHS. iz, 5 o>
BRZD 2RO THEZ o, (3.11)NCTHIBT 22T 3.

p=3af() (3.10)

o = (& — w2 f(x) (3.11)
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3.4 FREERIHIC X 2 ERHEEE T VORI

BB ERDH DS ENB T EATV AR ZRTIEETH D, ERIHOBED 0,
FICEBATOWIIGENADHE, EICEATWIEENIEDMEIZK S, BEZFIEZDHD
DIRE—RXY 2 o3 THSZbDTHEZ 5, N (3.12) EPHOWTEMHTZ2ZHT

5.
2o —p)’f(z)

o3

skewness = (3.12)

REFDHRERDH D5 ENE TR TV EERTIEETH D, ERIHDHED O,
RoTWRWEHENADME, RoTWALEMNIEDHEICKRS. REZFHHEEDD D 4 X
ETE—AV IR P TH-ZbDTHZZ D5, R (3.13) ZFHOVTEHTZ I TE 3.
>, (=) f(x)

ot

kurtosis = (3.13)

3.4 FERSEEINICEZIEBIEEETILORL

ERARORHEEZ AW TEBHEE T LVERET 3. HROMMEL AV 2L EMNTE
17988, BHEEBAICEWEEEDSFE T 3 LR RN R ZE L 72D, IHEEDE
K BBBEDPD . ZOBRRIZHELFIELMIZN TS, RIFFETHEE L ZRHHERMIC
ZEMEELE T TV 2 D0HIET 2 72D BIEREE (VIF: Variance Inflation Factor)
ZEHE L7, VIF OfRZR 3.2 12373, —fRANIC VIF 28 10 XL b % & ZELGREISE
CTws iz, SRHEED VIF 2 T2, 8 DORMED S B 5 DDKH
BTVIF 210 282 2R Ro7. 20D, RFFETIEZESLMIC X 20 HE
DIEFZRIC 22 HWE LT, ERT I 2T o 7RI 24T 5 TR0 Bl 77 i
(PCR:Principal Component Regression) [28] Z175. ZDr &, FRBRIZR 7 -1
2%, BHELEITS. UL 2 13 T 2FE « O, S, 2REE «» OBRERZEL T
2, R (3.14) TRDZZENTES.,

(3.14)

T, EBIHETHAED PN E K725 &5, FERERAED/ NS WEART — X DEADK

— 29 —



3.4 FREERIHIC X 2 ERHEEE T VORI

ELRZBEDICHEHAEDITS. HARER y Py Hh 5 (3.15) XKTHEHT 3.

&
I
< |

* 3.2: KiEM O VIF

Rz #iE | REEERE | R R =
VIF 9.31 3.87 5.68 10.26
VIF | 564.84 523.88 581.35 458.52

— 30 —
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C

R

TG ENFE S N 2 ER B TR 0 D BT GRS THIB L. 7, TERHE
EETNOHEEREE Z MAPE ICTAHME L7z, ARETIX, BEET — X OFHHIA EMEE 21T

SBEDLEIZOWTIRR 3.

4.1 HEET—2

MRELIC AR ORAIFR 2 2 2 Dol CILJIA - =5 O XEMCFHEIL 727 —
20 d. 7 —ZOFIGTEZ LN THR 2.

4.1.1 RAET—X20OHYS

REET — X OFHHNCIEFATE LIDAR @ 1 #TH % GreenValley 118 LiBackpack C50
ZfHH L 7. LiBackpack C50 i, LiDAR £fiichnz, LiDAR %z d & IH A LEHEE
PR v ¥ 72175 SLAM £iffi 2 58 L THD, V7NV XA LTDO3D vy By IH
A[RECH 5. AEMDZF v > L — F& 300,000p/s, 7 — X421 bem DUF, mRAAF %
CHEIFIX 100m TH D, FHUFRIEHICE A IRETEEEZ W - < h BT L= §F
HotkT2M 4.1 TR,
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4.1 MGEETF—&

X 4.1: LiDAR IZ X 35— & EHAlOHEF

4.1.2 ERRAHEDOEES

EROFHINIBEER (DY 2 —) ZHOT 1B I FEXTIT o7z, AR THIUIEHHI
DARII Rz 720, 1 2EBATHATS ZepnEE LW, LArL, AREETHW
MRBARIE 1.5m 225 3.0m DR NF 72130% D BRI X 2 E R L 72 Bb o
T, RIS EE 72T TR AKEFANC S L MET NS 5, B Z2EH LRSS 0HE
ERERLRD, 1 BOGHINCEERERZE L. 20k, 181 ATo0alek-T
W3, FHllOMTZX 4.2 1TR7.
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4.1 MGEET—&

¥ 4.2: FERELRIET — ZGHRIOBT

4.1.3 WREM - MREAK

FHENZAC)IA, =FENZ 2 OO EBDEMTIT o 72, WREBKIIEE DS F >~
ZLTERLTED, FEZABIZINEI G E 2 & b 5 FH%Z BHEITHEEL 3500 HA
LoBRE L. ZORR, R41ITRTHBART—22%EE o7, AR TIEIERE LTI
NNF=2DH, ZRT—2DA, RN ZFENOMAEDT—2D 3 82— THEET

L DRREEZ AT - 7=.

%% 4.1: Target orchards and trees used for verification

location | orchards | sample trees | lineage

kitagawa 4 19 Kochi Fruit Trial Selection No.
3,4,5
mihara 3 15 Kito Yuzu
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4.2 MEE SR —

4.2 FEENZ—>

4.2.1 FHEHEROEE

AR CTHE U SR HE L EREREORERMER 4.2 1077, BEICEET 2 L,
R TIERE R ML O R B LEARNIRERBAV NS W Z AR T E 3.
T, BIROEFIC X 2EBE(LPEZ 5N 3. REKHCBVTHE OB IR HEIC
HERMET IR INETOWNRTHLMITKR > TED, BRI B LED Sk
DRREIENTVS [29]. 7 ¥ FYEHORERIHCB WL, BEELAREEE MRS
ZIN - FEREREAEICEN S Z e RGN TE D, EBELD 2D IcH 32 KA
WZFEGIT 5 Z e AR IR TWS [30]. AU THTIL Z=RoEMICB T VA v —%

ZDREKEE L

o THERZKFHANIHETI L TW2 70, EBICHEDL THEAB X Z 2m 525 2.5m
THD I HHERTE . RS TIE, &7 — XP T AR RIE T E R

L, FBEICHE LSS E ST RWEED 2 8% — V THREEEITD.

K 4.2: B BREEORERK

R7vov | fE | RS | EEEE | REEE | REE | R | R
2T 074 | 029 | 0.56 0.65 0.57 0.55 0.66 0.63
e 0.75 | 0.60 | 0.81 0.74 0.68 0.66 0.69 0.66
= 087 | 0.05| 0.73 0.72 0.50 0.48 0.73 0.71

4.2.2 OO

PCR O RMEA 5EZK 4.3(a) 225X 4.5(a) 12T, WIINDF—XLANTDE 1 %55
RIZFEHT 2L, 0.8 ITHVWTWARWEEHNHD, 1 RN TTETORMEL H7ITR
HTE3flicElwn. 207D, HEETILOMPI I TH 3 EZI LN MO %
AMIlRE 2 FAVW TR 3 2 ER O BE MRS 5. A EHARY

D RDTDNIED D B Z & 2 EFEL, FHMBIBUIFERAE 2 FERNFHIT & 2 Pt

7Yy P —FTHERRL,

— 34 —



4.2 MEE SR —

7 (MAE:Mean Absolute Error) 8 H 3 2. MAE & FHIM#E & SHIMED R Ot
DEGETHD, ZOEIVNIVEHEEETVICHE LIRS B TH IS 25, SHTEIC
B 2H#EEET LD MAE 2K 4.3(b) 225K 4.5(b) IRT. &2 TOT—XDFEF 4 Koy
5 /5, DT —2DEEE 2 B 3 ko, =FMNDF—2TiE 3 lns 4 ko
TMAE DVNEXL BoTWB e DHERTE L., ZORENLS, AR TIIET—X T LI
5 ETEEML, FROOEBH R BHEEE TNV CHERREZITS.

m1ist m2nd =3rd 4th o5th O PCR_7feature O PCR_8feature
100% 2500
3
O o95%
c 2000
O 90%
e
=
8 85% 1500
2 u<_|
L=
C 80% =
8 1000
75%
E 70% 500
S
€ 65%
3 0
60% 1 2 3 a 5 6 7 8
PCR_7feature PCR_8feature Number of components
(a) BRIHLG® (b) MAE

4.3: TRTOTF—X&

B 1st = 2nd =3rd 4th O5th O PCR_7feature OPCR_8feature

100% 2500
@ -
£~
O 95% _
c 2000
O 90%
E
D 85% w 1500
-
E 80% §
8 1000

75%
2
B 70% 500
S
€ 65%
3 0

60% 1 2 3 a 5 6 7 8

PCR_7feature PCR_8feature Number of components
gz stz
(a) BAIH 5% (b) MAE

4.4: L7 —x
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4.2 MEE SR —

m1st ®2nd =3rd @ 4th O5th O PCR_7feature O PCR_8feature
2500

=
o
S
X

©
]
X

2000

0
o
X

0
«
X

1500

MAE

1000

Wkl

1 2 3 4 5 6 7 8
PCR_7feature PCR_8feature Number of components

~
a
X

~
=}
X

)}
o
X

Cumulative contribution rate
-]
o
53

-]
o
X

(a) BREHEGR (b) MAE

4.5: ZJFK 7 — &

4.2.3 HEETIOEERIL

HEEE T NV DOMREZ IEMEICFHIT T 2 72D ICREE T — X 2B T — X & T A b7 — I3
PREDNDS. UL, R THRILCHCZ AR 19 BBX N 15 8ThHD, BHE
BOBIZTH L THOIEE AW, 2070, —okEREMEE (LOOCV:leave-one-out
cross-validation) IZ &K 27 MGEEITS. LOOCV X, 1 HOTFT—XDA%Z T X FHIZ
MAL, B Z2R2TEET X LTHHT 2 ERGETH D, NERT—Xty FTHR
RIZETAMENFREL 2 5. £z, #EE TV OFMEICITFRZER THME 21T 5 T
Wto¢—+t > hi7%E (MAPE:Mean Absolute Percentage Error) ZHwW2%. MAPE 1, ¥
HIME & SHAIE & D72 2 IEMRMETH o 7MEDHEMED FIIETH D, T 7 L OHEEMEDH EMHE
% TN T0E02EHT 5. MAPE 135X (4.1) TEH T2 22 TE 5. RETI,
LOOCV THEEHEET NV ZRBM L T A b7 — X DEREHEE L7k, EHMEL O MAPE
ZETHEL, IRTORZEBEDOHGERENT 2. A XY %K 4.6 1TRT.

At - Ft
Ay

100
MAPE = - Z

t=1
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4.2 MREERZ—V

|7z2b5—5 || z2@7—5

DOCOOCCO00 = sezesn . mb wape s

DOCO0CCO00 = eeesn 2 m waeez |
DDDDDDDDDD m) HEEIN 3 m)p MAPE3 — mp 5 )L DFHTiE

DDDDDDDDDD - m@—:;‘)u N mp MAPEN

e

4.6: LOOCV I X 2 RGEMGEED A X —
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EHE

S

BWREE 2 — > OHEEET LD MAPE OHRZK 5.1 55K 5.3 1Z7R3. AL LT
B L 2EAMNEEMOFSH (WLSR) TiE, IXRTOTF—XDHED 7 FBED 14.2%,
8 Kt &Y 15.9%, ANIND T —XDLGEE 7 R ED 19.2%, 8 FHlEDY 22.9%, =AY
DT —RDOGET 7T REED 15.3%, 8 FHED 208% o7z, —J PCR TlE, IXT
DF—ZDBE IR E R T Z L1 MAPE 2BAMEAENCH D, 7 REEIC X 5 RO
450 MAPE 23 132% e e b/NE K o7z, UKD TF =2 DIGER 7 FEEIC X 5850
25D MAPE 73 13.4% e e d/hE <72 D, Rk 3 DL MAPE H3EMEANC 7% -
oo ZENOTF—=205E1E T REETIHBDEIICH D, TREEICX 2R3 2D
MAPE 3 9.5% ¥ b/ NE L Koz, —T, SEMETIINDE 2 5T MAPE 234
ML, ZOBIFMAEN A - 7.

F7z, N, ZENOEELD 7T —XICBVWTHHBEEREEL LTEERVWEEDS
DX MAPE 2/NE K 7go7. 2O o, BEZRL TRHEETOERTREIFIHHA LD
FVHEEETLVERH TN TEL LS X 5.
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O PCR(7feature) O PCR(8feature)

25%

20%

8
wis% |7 [ ]
o
<
= 10%
5%
0%
WLSR 1 2 3 4 5
Number of PCR components
5.1: MAPE (§XRTOTF—%)
@ PCR(7feature) O PCR(8feature)
25%
8
20% |7
W 15% -
o
<
= 10% =
5% =
0%
WLSR 1 2 3 4 5
Number of PCR components
5.2: MAPE (b)IIk7—%)
@ PCR(7feature) O PCR(8feature)
25%
8
20% []
, _
w 15%
o
<
= 10%
5%
0%
WLSR 1 2 3 4 5

Number of PCR components

4 5.3: MAPE (=R 7 —%)
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E6E

Z5

6.1 HEETFILO MAPE OFERICDOWT

EEFSHICEERT PCR 2175 28I & > T MAPE VN X 23 Z e BHL M o
72. PCR T MAPE 2N B2 ER e UL TERD O & 2 ZELEMES LB E O
BN o 5. AR THERAT 2REHEE, K 3.2 1R L8 D BRHEEMICERWHB
BB ehs, BRIV TIIZELMEDEE LEEE T AL OTHREEMET LT3
TR TE3. —J, PCR CTRERDAMCE->THROLNEER D ZHHLZBICTS Z
TEZEEREZER ST 2 2 e TE, HIZWEXHIEEN S Z itk TEEED Y X2
BRI 2 LB EIOND.

6.2 $EHEHRDOEWIDOWVWT

EDMEEZ — 2BV TH SRHEL D & TRBED T MAPE 2V hE kot Z
2o, FEYEOHFEFIROEZEEN 7H 5. K53 ICERT 2, ZFENT—&IIX5 2 8
FYED PCRIZBWTERSZE 1 255 2 DI T ¥ MAPE 23K L TW3 Z & Ak
WTES. ZORRZERTAMOERTIRENSEZ 5. ZFEN T — 2O FRITIHIC
Ko THIE XN EMAMEEEX 6.1 12175, K6.1(b) 1T 8 FiflEIc X 2 ED M O
FRA R R T 2 L, B 1 ERSRETIIBE DRSO BEIC TN L, 1F
EACHEONTWRWZ DN 5. Z07D, TRHEE SFHETZEhZhE 1 FRm
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6.2 FHEHDEWIIOWT

DAHEFAWHEEET LD MAPE XA WI 2 Figh3 hoERTE 5. — 5T, &#
2 FRAREETER T 2 L BIE ORI 1 FRELRo TS, BEREEHIE L OMEBIAME
BiE T — 2% b TV A 2 ERD ZERANICHWZ T, HEETNLOREED
KRLZzeEZLRS., ZOZehs, HEEFAEZERT 2B ROEORHITIE
U CRHMEZBUSEIRT 20BN H 2 Z e 0 h 5.

m 1st BE2nd B3rd Z4th O5th

1
(]
3 0.5 %
©
> . I%H Ig m I=,,m B m I = EIE
. . @ &8s I =
o L
9 -05
E
[}
8§ 1
voxel L-SD S-SD L-skew L-kurt S-skew S-kurt

feature

(a) 7R E
mist ®2nd ©S3rd @4th ©O5th

g os H
©
> . I N [ Im% = Im uH IE% - n_ I_ _Bam
= Eé [ % u IE% gus I
2
9 -05
E
3
o -
voxel height L-SD S-SD L-skew L-kurt S-skew S-kurt
feature

(b) 8 R

6.1: PCR @ £ R (ZFEMN7—%)
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+z=A
i’ afl

RFFR T, REOREEEICHERIERTH 2MAROEREHIHTHET 2 % H
e LT, LIDAR 225185602 il 7T — X 2 AW ERHEERIC OV TRE L 2. Ffio
HHTFT— 208 BRT — X% 7 5 2% v 7FEP watershed E% W THHE X B 7214,
BIRZ v IcHMERZMHE L, TROERSICTHEEEFAZEH L. 32 IABR D
WZ Db, MEEE—Dok X RXEMILIC TTY, FHEiiCid MAPE ZHW. #ERe LT,
&HRWMAPE X2 oORMTZNZN 13.4%, 9.5% o7, FHBEE2ZDFEEIART
L - EAN ZEBRIH O MAPE XD EIVNS S o2 b, ERDERD
ZEMREB X OCOTOBBICEN D, X DHEERKEI ST E TV OREHFEEIC R -
TerEZBND. £z, MAPE OFER & ERSMRED & 8 & O TEROHEE € 7V OHEER
EORRNIER > TWR I WHERTE. ZOZehs, MNROBEMORHEICIL U TER
HE IR EEZIUSEIR T2 2 e kD KOVHEETFTNVICEDE 2 e D0 h - 7.
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A B

ARTHZENE, PIREIFHITT RS - IS PESE R A 2248 TToP (Internet of Plants) A3 <, ['Society
5.0 BIEZE | ~oitifby & MMoP(Internet of Plants) 25 <, lSociety 5.0 ZUE3E | ADiE
by DBIRZ3ZF72bDTY.

7o, KR ZEDZITHID, THEEWLZFE LERBERICL» O E#ZH L L
JET. ZLTBILLVH, BIEE5 &I TOREE E LREREILNEIR, MIFATLBEE
WHBILHAL RiTET.

%72, MAET — X OEUHIS Y= DML > 2B L OHIED S 2TEE % L-ERIRE
AR HEZEIEH L BT £ 5.
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BT —RICETBERDRE

Coefficient Value

Coefficient Value
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"E8 |

voxel
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feature

(a) 7 Rt E
m1ist E2nd BE3rd @z 4th O 5th

S-kurt

voxel

. _@I;l - _Hﬁ _@ - @
o ]
height L-SD S-SD L-skew L-kurt
feature

(b) 8 Rt

B.1: PCR O EWD R (TXRXRTOTF—X)
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Coefficient Value

Coefficient Value

W 1st

E2nd

53rd

B 4th

O5th

ol u |

N We_ll

[ N
BE gguu ma|
voxel L-SD L-skew L-kurt S-skew S-kurt
feature
(a) 7 R E
mist ®@2nd ©S3rd @4th ©O5th
i oo e i
voxel height L-SD S-SD L-skew L-kurt S-skew S-kurt
feature

B.2: PCR @ LM QLR 7— %)

(b) 8 Kt
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Coefficient Value

Coefficient Value

mist ®B2nd 83rd @4th ©Ob5th
I . I@%l‘l I @ B.m I On _Ba_
|_| “ H ]S I U|_|
voxel L-SD S-SD L-skew L-kurt S-skew S-kurt
feature
(a) 7 R E
milst ®B2nd 83rd 24th ©b5th
Lo =08 |m%ﬂm il L o b s
“q U E u |m§ E |
voxel height L-SD S-SD L-skew L-kurt S-skew S-kurt
feature

(b) 8 &

B.3: PCR @ £ AL (ZFEMN7— %)
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