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Deep Learning—Based Rice Yield Estimation Using Xception Architecture
and UAV-RGB Imagery under Differing Irrigation Regimes
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Introduction

The global agricultural sector faces the dual challenge of increasing rice production to meet
the demands of a growing population while ensuring the sustainable management of natural
resources. In Indonesia, particularly within the traditional Subak systems of Bali, Alternate Wetting
and Drying (AWD) irrigation has been proposed as a sustainable alternative to conventional
continuous flooding, with the potential to reduce water use and mitigate methane gas emissions.
Although the effects of AWD have been widely studies in lowland rice systems, its applications in
terraced rice paddy fields remain logistically challenging.

Conventional rice yield, such as destructive sampling and manual surveys, are time-consuming
and often fail to capture spatial variability at the field scale. This study addresses these limitations
by integrating Unmanned Aerial Vehicle (UAV) technology with the Xception deep learning
architecture. While previous studied have relied on costly multispectral sensors, this study
demonstrates that the standard Red-Green-Blue (RGB) imagery, combined with a high-performing
deep learning model, can provide a cost-effective and accurate alternative for rice yield estimation
under different water management practices.

Materials and Methods

The experimental site as located in Jegu Village, Tabanan, Bali (8°27°10”S and 115°07°55”).
The study area consisted of 17 controlled plots cultivated with the Inpari 22 rice variety. Among
these, nine plots were subjected to AWD irrigation, while the remaining eight plots were managed
under conventional continuous flooding.

UAV data acquisition was conducted using DJI Phantom 4 Pro, operated at an ultra-low altitude
of 10 m above ground level (AGL). This low flight altitude was necessary due to surrounding tree
construction and enabled the capture of high-resolution imagery with fine -grained canopy texture
detail.

The core methodology lies in the feature engineering of seven RGB-based vegetation indices:
Excess Green (ExG), Green Leaf Index (GLI), Visible Atmospherically Resistant Index (VARI),
Normalized Green-Red Difference Index (NGRDI), Triangular Greenness Index (TGI), Kawashima
Index (IKAW), and Color Index of Vegetation Extraction (CIVE). These indices were used as inputs
to the Xception deep learning architecture.

Results and Discussion

"B R T R% Tokyo University of Agriculture and Techonology, ** 7 % ¥ J K% Udayana
University, ***R o' — V2R K% IPB University
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The developed data pipeline successfully enables automated (“plug and play”) estimation of
rice yield from RGB imagery and Xception architecture. A critical finding in field measurements
was the significant impact of irrigation management on productivity; plots under the Alternate
Wetting and Drying (AWD treatment produced a substantially higher cumulative yield of 1315.08
kg, compared to 997.67 kg from Conventional continuous flooding plots. This performance gap, as
illustrated in the comparison chart below, underscores that AWD not only optimizes water-use

efficiency in the Subak Jegu agroecosystem but also enhances grain output.

Ground Truth Yield
1315,08
1500,00 kg kg 997,67
kg
1000,00 kg o AWD
500,00 kg I m Conventional
0,00 kg

Preliminary model performance indicates low to moderate predictive skill, with coefficient of
determination (R?) ranging from 0.051 to 0.617. Model accuracy was found to be highly sensitive
to the choice of vegetation indices, underscoring the importance of feature selection in RGB-based

yield estimation.

Model: EXG Model: RGB Only Model: IKAW

“ g ber pedi

100

Among the evaluated indices, the strongest predictive capability demonstrated, likely due to
its sensitivity to canopy color dynamics associated with crop growth and senescence. This suggests
that even within the constraints of RGB imagery, carefully selected indices can capture meaningful
physiological signals related to yield.

Further improvements to the framework are expected through refinement of the input data. In
particular, the presence of non-crop elements (e.g., roads and non-rice areas) within UAV imagery
introduces noise that can degrade model performance. Ongoing work focuses on masking or
filtering this area to ensure that only relevant canopy information is used for model training and
prediction.

With further refinement, the developed framework is anticipated to be gamechanger for rice
yield monitoring in Bali eliminating the need for expensive multispectral cameras and complex
data cleaning. Such continuous monitoring data supports the transition to water-saving and
sustainable agriculture in Bali. Future implementation can focus on deploying this model into

mobile application for real-time field assessment.
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Visualization of Rain-Induced Erosion Using Photogrammetry
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3. EBRAE

I ANITHMRMEEICLLZBEBHRE BAICL2EARELZHBE T L2201, INED
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TTETNEEE L, TO%., FEEE T/ (DEM) % H 71 L. QGIS 3.42.2-Miinster
MW TRAERBRZ EMHREOEGOEZZEB L, REBROWEEZITo72, *
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WIN 2 B ORHRICE T D NDVI O R A8k & OVFREIA8) & 5 o B
Relationship between diurnal and seasonal variations in NDVI

of Citrus unshiu trees and citrus Brix

Ol £H* K 22 B% (i
YAMAOKA Mitsuki KUME Takashi HARUTA Shinsuke

1. FUoic

SHCOBETHITRET — X 2RI LEEEEEE "Eckuithbh ez, A&
T —HIC LD PRI IS IZ A REE DS, SR O TEZ T 5 Z S gL V. — T, &
A= MUVEEICBWTUAV THR& L7 NDVI T — 4 X, K87 — 4 AN TLHET —
H LB BRI BRBRE CTRRITA AR TH Y, BEBESCRA ML ADOEER U A BHEA
HALCHIETA27-OICHATE 5. RBIZ, MEORMHIVCEZEOHE Ve L, I
VEESICIER LIRSS STV S. L, NDVI & 2 0 > 08 E o BRIZH &
PR TELT, ETFHMSNEATIEO0FMEORFPRLETHDH. 72, BHK
DIREIZFFH N LT Z, ~HOMTHLEEHFICL - TE#BHT LD, I D
BRSSO T PN ILFEM 7 BLI A B & 70 5. KRS8 TIE, UAV & B W CTEHE BLAL O
NDVI % H O RZIBE L OH BAL TG L TEOLE 238 L, NDVI 25 BH{ARRE
R L7 BT, BEOHE 21T o 7.
2. RERITIk
2.1 UAV 2 X % 8L

TR I\ ORI I B VI T, RGB A AT L~ NVTF AT M AT &
# L 7= UAV (DJI Mavic 3M) # M\ T G, R, RE, NIR ® 4 SO EH CRE 21T
7=. 20244 11 A 18 H, 12 H 17 H, 202541 A 23 H, 4 A29H, 5H26H, 64
18 HiX 11~15 KD f|ic 1=, 202547 H9H, 8 412H, 8 H18H, 9A2H, 9
HA17H, 10 A 10H, 11 A 10 H, 12 H 15 BiX 8~16 KD, HIiRE Z21T-o 7.
2.2NDVI Ei{% D 4% & NDVI 7 — % Ol

Pix4D fields # H\ " C Fr— > THR¥ L7z@E#B 7T —% 225 NDVI #35H L, NDVI #
BEAR L. QGIS ZHAWTARK L7 NDVI BWENS 7 A~12 ADEKEI W DA%
RY T CHA, R TNICEIT D NDVI O FEB)E, R, &RKME, fk/MVMEz b
M L7, 22T, NDVI OFEEfE A W TLUE DT 217 > 7-.
2.3 I DULHE &BEE O RIE

20254FE 11 H 12 HIZ=AF RY v 7 (BLF~/ RU) X 301 &, HITXOD 345 K
DORHENLEB 4 >DI B 28U, RO Brix (%)% HEEEH(ATAGO, PAL-1)TH|
E L7,
3. FER L ER

Fig. 1129 H 2 HO~ /LRI X, BITXKIZEIT 2280 NDVI EHEO HHFIZEBIT 5
EEhZRT. SHICHKR K (/L FUIX 0902, BITX :0.908) ZRLE-DBLIETFL,

PEIRE R REBE RIS R (Graduate School of Agriculture, Ehime University), BHiiEpk
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Fig.1 Diurnal variation in NDVI
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ig.2 Seasonal variation in NDVI by citrus Brix
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_ Fig.3 Seasonal variation in NDVI by citrus Brix

1% 0.877 TH Y, HEHATX TITHE 12%LU LoD (Control area)
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(TR KA RV ADARMICE VBEERE L2 /ML TS P KELTYH
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Verification of Improvement of Detection Accuracy for Spider Mite Infestation Monitoring

Systems in Edible Rose Production

OE Mfpzs, HFfEaRses, MIILEss, MR, ARRERE, AREFH

ORena Sanada, Honami Nakasuji, Atsushi Okayama, Munetaka Hosokawa, Masaomi Kimura, Yutaka Matsuno

1. IZLU®»IZ

MW ERTH D N¥ = (Tetranychus urticae) [TEEIFERDO—D>TH Y, #EOHMHIILHE
HRANP AR THS. L, "NF =D LX) p/EBRSCEOWEORLITEENLEFH DR
IR LT D A CIIEEHEORRDICEA SR, Al 25 L72RE b o 3 8
ERAMOBRREE BIET. 22C, BEEE 7L XL TH%S YOLO (You Only Look Once)
ZHNT, BANTOERHET DY =OREET VEABEL, Bl JOBIEICST T 5
RRAEZAT 7=, TORRE, BEICBWTRE L LBE L, MEEICGRERS D Z LR RE S
7z.

T, VT NANEA LRHET AVOREER EOTEDIC ANEGBOE mx2~ A7 L, Wik
HIZBIT 23R BRI ARETH D Z ENWE STV 5D (Yun and Park, 2022) . LA EN G,
=Y TINEA LEHEEEDOH EE2 B E LT, A7 UEZH W TREORT 21T 72,
2. Fik

AMETIL, "NV ARNTHE SN THWDIREHAANTIC INPUT
155 U2 =% 55812 YOLOVS Z V¢, A JHEi4: I
DIEFE LN 2~ 2 7L LT BloF =t 24T 5 1, LEAF DETECTION MODEL
BYMEALEEE T /L (Two-stage Detection Model for Spider (YOLOvS8-Seg)
Mite: TSDM, 1) ZHEEEL, FMRHE Om %2R A =
. ABBIHRIL, AT ANTHE S AT o | 2 LEAF MASK GENERATION
% iPhone 16 DB A 7 TiRE LI=bDTHD. £, &H —
| BB CIHERNOI R R ET 50, SN >, MASRED IMAGE
o A7 MBRAERET. = OB, EOMBECMZ, =
REDFEMATAR RIS 2 LB H B D, # SPIDER MITE DETECTION
YOLOV8 DB AT —a T LEREALE. — MODEL (YOLOvE)

B R BRI EF AL TEAT L F 4 v TR 7 2 <t
JEB) RO aRBET L0, B AT

—YarETATIEHEZARE LTHEMETLERTED

=, XVFEMRROFE R AIETH L. £ 2T, 1 ZEEBN\NYT _BREETILOE

LabelMe &\ 9 i LICARY T2+ 52 L Tk gRE

JAT—=varlorT 77— a7 —% Z{EK T  Figure.1 Architecture of the Two-Stage

XL —F =AY — BT, FEM 872 #, Detection Model for Spider Mite

WRFE 97 M DTG % I\ TIEM HE 7L (leaf detection  (TSDM)

model) Z 454 L 7= (batch=16, epochs=100, patience=20) .

F72, AJJHEEEY A X (image size) % 640x640, 800x800, 1024x1024 TLb#LZ L 7=. image size

ERELTHIETRVFEMAREROFE P AIRE L 705 — 5T, RN HEMNT 5 & v 5}

RS D. FEMFEREIZ 1T precision, recall, mAP50, mAP50-95 & /2. ZhHOfE RIS

WTVAZABIZHNWDET NV ERE LT, I, ™ = ET /L (spider mite detection model)

I%, batch=16, epochs=100, patience=20, image size=1024 DS THEZE L, =8 H 464 £,

OUTPUT

TR FRFBE I ICFF Graduate School of Agriculture, Kindai University
T H R TR (Faculty of Agriculture, Kindai University)
F—U—F: [H5EHE ~F= Wik
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RE 58 MO A E Lz, €Dk, NF =MGEEETT V& TSDM OPEREZ Bifgds L UVE) ) 2
AT L, FHl L7z, BEMREETIE 59 omig 2 My, FHEELE & LT recall 5 LW
accuracy & FHU =, precision [TIEMES, recall [T HIRALDOAD 72 X, accuracy 1T BR D IEff 2R %
AL, mAP [IMHPERE Z A RUICRHE I 2R TH 5. BIBREEIT, 9 5.6 RO BE 2 I 1T
HNZ =D e LTz,
3. MR - BE
BOINZ, FERHTET /LD image size D K& X |2 xR NFZBRHETILEK L TSDM OE
LORIE i E L=, WEofERE TRy B - BEREEICH I DR
Lo T, KBRS L 2o 7= image Table 1 Perfor.mance.comparis.on between the
. - e e standalone spider mite detection model and
SIZ6_1(_)2_4 AR S B A TSDM in image and video validation
(precision=0.899, recall=0.794, mAP50=0.864,
mAP50-95=0.5485) % TSDM DA ThH % NE=fET L TSDM
%*ﬁm%?‘ﬂ/kgfﬁﬁﬂﬁii\hﬁ; o e
WIS, BERGEEICR S 2N F =RiHE 7V H

fh & BRI EF L % ST TSDM OFSE # g4~ aceuracy 0.784 0494
% & (F& 1), accuracy ¥ X W recall 1TV 41 H recall 0.903 0.560
F =TT VO BEVEZR LTZ. TSDMIX g (&) 531 349
recall MEWNZ EH HPEE LAE <, accuracy e
BN TWDH EEZDH. M2 05, TSDM O _ L

g Wt (=) 93 216

B TIXEDORR ORI 2 #2 2 TW 5 EFT b 5
HAILAHD, I TIXIE Ol EL A BRI B &
n, v A7 &N TWa, ZHidERE O Reaert
ICED, NF =R FEL T AT MEIZ LD,
=R, mHShTnRaneEEZ L. 3L T,
B AEFE ClZ TSDM 23 & =R £ 7 /L Bk &
L CH 2.3 52 < Lz, Ehimdm g & 272
D, ZERMEHRICIZ CTRERIITEMDAZ EN D 2 &
N HINTEY (Zhao etal.,2018), AHFIETILEH)
FiE 1 fps TTL— AR LTIIRL TR D0, gy £\FREETILEE B &,
ERTLTLOXBEILY, A-WETH-oTH  mepmoz s WEEEA L= TSDM
IAREE L 22 D REMEN D D, 2D X9 REF I () 12k BB EEREH
BEIZ X 5528026 LT, TSDM [JFEFEMIC MR Figure 2 Examples of detection results from
HEHAZRET A2 & TiFm /A4 A& K L, #&  the standalone spider mite detection model
L U TR ORI L OSERE 72 N 2 =k (le.:ft) and TSDM with leaf-region masking
CHG L EEX NS, AHOREE LT, BE  (tigh)
ICHBIT O L— A ORBE A ZE L - Fik
DBFEAPLETH 5.
4. FL&9

BHANT OEIMHET HNAF =TT ML, BiECx L TR D 72 <, S ik
LR DIEITHER DT, DD, EHERAED LICoBEFT L~ X 7 L0
ZEde TSDM 2325 2 & C, HBOBEINN R I e, 5%IT ) T2 A4 Ak % EEB
TR, BT LOFEZZTIC WA =ZREET VOBE, ~"NF=DR% L L DK
BRERIE T VOB EIC DWW THERLETH 5.

ZE R

H. Yun and D. Park, “Efficient Object Detection Based on Masking Semantic Segmentation Region
for Lightweight Embedded Processors,” Sensors, vol. 22, no. 22, p. 8890, Nov. 2022. B. Zhao, B. Zhao,
L. Tang, Y. Han, and W. Wang, “Deep Spatial-Temporal Joint Feature Representation for Video Object
Detection,” Sensors, vol. 18, no. 3, p. 774, Mar. 2018.
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UAV 8B Z R W= NDVI T—RI2&kD ‘HE D
EEFAETILOBEICAIT-HE
Toward the Development of a Soluble Solids Content Prediction Model for
"Kanpei’ fruit Using NDVI Data from UAV Observations

O HOo ¥AKER AKX E A% HY
DEGUCHI Sakutaro KUME Takashi HARUTA Shinsuke

1.IFCHIC

SREBEO—DOTHS HFE OSHRELEEICIIKIEELSTARELZN, TEKSTD
SHCEHIREZELSEL-OBEBLREEENROOND. HF, SRELGRED
BEEEICAIT, [RET—2ICLPEEFRICIUBEEBR~ARRT MK "HThh T
WaA, PRSEEHIEHEMICEEY, ABERIEE/HEELTULVEL. —FA, VAVEARIICZ K
YERF L= NDVI [EHARREZ RIm THRIETE 54%, BRI - AR ZELOHEE L OBERILHA
SMTIEEL. KR TIE, NDVI QBRI - ARZEEDOBRITIC & Y BAERKESBEDORER
AL, EARNOEEFRETIVEEICEIT- NV FIRAORIREE Z &5 L 1=,

2. B ERE
2.1, e & hE R AIE

BREEMKERRMBEBAR LV Z —TRESIATND I6HD HFE ZHRELLE.
2026 F1 AOBICTH&HEY 5 RERMUEFT LIS, R MHEEET (Pal-1, ATAGO)
THEE Brix) ZAIFE L.

2.2. W UYE—+EVIVT

TILFARY MILAASEH D Mavic IM(DJIT #1&) ZFA LY, = 15m (B2 E 0. 69cm/pix),
A==y TEBN, HA K5y TERIONTHRE Lz, &AL 2025 F 7/25~12/19 Dt
6 [ (7/25, 8/26, 10/9, 10/28, 11/20, 12/19) =i L, 8~16 5D 1 BFEIEICER L 1=.
BE, BRIZEY 9 BRIE10/9 ~NREL, 11/20 (X 12, 13 HOAIENTETHEM-T-. B
JEMRILPix4D fields (Pix4D SA, R4 R) #RAL, ALYV EY A VERIZE#REZ, NDVI
FHH L. TDi, 0GIS THRIBEZRY I UTHWL, V—UMEEIC & YKHIZEHIT S NDVI
DFEHEZEHE L 1=

2.3. NDVI L #EEED4HES

NDVI Z:EREAZEHE, | ADMEZEMERE L TRFIHET o=, HBAZKRDERIL,
EZRABONNVI T—2DLERBHELRIEL-ZIC, 11, 12 AD NVI T—2 ZFIRL -
Eolz, MMABLV 12 ADONVI @5 (ANDVI = 12 A NDVI-11 A NDVI) & 12 A NDVI
EERMBMGHRAZRE LTERRAHZIT o=

*BIERPRPREZHER (Graduate School of Agriculture, Ehime University)

3
=
i
Sk
£
N
&
=
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JLRLEER

3.1. NDVI opEsREAI - ARIZE L Ly
HERHPEPDOREE, 7~8 A% 25~30°CTHS

Liz#S, 9 AL TIRL 11~12 AISE5~15C som

THB L. 1INV OBEZERERT. 7 o

B 8 ROESESEMICBVTEFICNVI OIEF %

0.94

e - . N _ «1825E <8B26E -+I0B9
NHont=. Tnlk, #AB ORI GE < #HKE 22(2) 10)5128E|E| -I-HF]ZOEE ﬂZFIH;EIEI
HER - AN RUMENGERKIRICE 2 e oo om w2 1w e 15 16w
BEIRICHES ZBUIHEIIC K YBHADEENET L 1 NDVI O E5RE A ZE Ak

fzr=&EAONS. —A, MEZFLRMEAZEIL Figl. Diurnal variations in NDVI
MINEL, NDVI [FEFE B L THYMICREEL

TUM=. E2IZNVI ORJERERS. NVI &,

1~8 AICIET L%, 9 ALUBFLERL 10~12 B 0.90

(SR UMEZHMERF LTz BEERIR PISBEWLTNDVE (& 50

BHMAER FLRICEEY 0074 LEDELE 33
EERZDHIIELENE—FT, BHOKRFL 10V
AIZTHBETIEEWEEINTWS. K EDEZEI(C 0.80

TA208 8A198 9F188 10188 1AITA 12R178

0.94

HITHETIE, SiE-RASHE, BROEYICEK 2026
BSLIBKDARAZMEIHE L, BENGTI ML 2 NDVI @ A Al Z 1t

AREEERY, EOH/ OO T4 IILEDIETHANIVI Fig2. Seasonal variations in NDVI
[CREESNI-mEEENTRIE SNz, 10 B LI,

KB ETRUERICKDTIEKSOREICKIYEHRENEFTLIYEMLEZZ LT, NDVID
ER H#BIIHFESLEEEZLONS.

3.2.NDVI & BERE D HHES

ANDVI ZERBAZEHE LCHERANZTo-HER, ANVI FRELFELCEOHEBZ R
L7z (R*=0.45). F7=, ANDVI & 12 AD NDVI #ERBAZEHE LTCERBAMEIToHER,
R*=0.52 [CmELT=. ThIzkY, HADNVIETEICMA, IREEAOBEKEFELNE
EFRHICESTI2EERERLLDLENTREINE.

4. $E5R

APFRIL, VAVIZE SNV OFRINKEENZRETT S LT, HFOEELEDOBEFRETM
Lfz. DR, EFICHITLHNVI IRERELHELSHEBALAAONLGW—AT, 11 A
512 AIZHEITH NV OETHERIIRRBEEZSHLIENAGNELZ >z, UEOMR
(X, NDVI OFRRINEBNEXRNOBEEFRETIVBREICET2ENLGEREGLHAIRENLEZE
TTILDTHS.

SE Xk

NHERERF. Q029)Al I2&B00 2D hUBEFTIFE BUIEERR $£175,22-25
2)David Michael., Amy Tabb. (2019) /nternational Journal of Fruit Science 19,191-210

— 986 —



[S-41] 2026 75

ERIVETBIZETAMbOboTILFELIUV A= Oy T I2&L3B
TIEEREIHEE
Effects of Rice Straw Mulching and Cover Crops on Soil Erosion Control

in Andosols

oIl BHH" i SRS U [N LA
NAKAGAWA Chika WATANABE Hirozumi NISHIWAKI Junko

1.IFCHIC

TAEDOHARTIE, BOZERAESRE B EERN EOBLAD G IMIEY O EERIL KD
LN TWD (AR, 2020), —H CREEMNCE b ROETEWNOHBICEID | M
TR C OENBA L TV D (RUERE, 2020), HEREEIRLORTCE
FCTh<, TEIIEENLIAEYLORBEBOWRH A EE T2, DK TR
AL PERMREOBANORERBEE > TWND, 2N E TOMHIE TIEAEL
T A TEMICKEE LENEREZIT oD% < (e.g. Ma et al., 2023), EHZTO
NLBERFERITDRN, £72, BAR 7 L2558 L2ERL DRV, RFETIE, B2
7 tHEBEREAIRELT, b~ A TFBIOI AR~ 0y 72 MMICE AL, &l
FERE R TSR T 22 MG R 2R L, BRI, B8l &, EARRE.
MR EME 72 & O LR RO Z 25 L, 236 Ok 2 Il 20 £ 4 7 L 72,
2. /ik

AR H IR R LR M R oMt E 5 Ch 5, I, féb b~/ F i H X (F
DHX), IN—=ray TEERCCK)D 3 KiE, & 1 KETKITZ, FREBOKE
X120 cm X 480 cm & L., MWNEROZODIZ5%DHEBEZ ST =, b b~V F X
OFTHEREIZIZ, 6 H 26 HIZEX5 cm O 5% 5 t/ha ThiH L7z, CC XTI,
<~V —a—)L &6 A 17 BIZHERE 15 cm BKE. 5.5 L/10 a THEMEL 7=,

BERERIIMOOMHB L O N—27 0y 7HEEN G 80 Hig, 115 Hi%, 150 H
BT o T2, EBRICIT/N B8 R KRB (Jiraratchwaro et al., 2019)
AL, BIBICAT L AWOME (33 em X 48 cm) 24T HiA A, R T i Tt
KZINE LT, BERREIL 70 mm/h IZEXE L. 60 MO FEER T 10 45 &Ik H K% 4E
AKUTe, WK EZ A (106°C, 24 FFf) &, LERHEZFHEI L7, BREEE O X
Y U7 Lb—varyrBLOH MO HENIE Jiraratchwaro & (2019) 1296 - 72,
3. ¥R

B SR B O SEHIBE RN IR EE 1% 69. 2 mm/h, FERE— ML 79. % Th o7z, EBRKE THED
R B ITHERSIC L THBX TRART, MbbXBLIOCCCRKTIXIZEALL
BOLNT (X 1), H#XICx L THad 5 X T 98.0~99. 8%, CC X T 98.4~99. 6%# il
ST, MITHAKEITHERIIZ L O THR-IX THRZ ., RWTCCX, fidb b XDIET
BV (K 2), HIXITH L Thgd 5 X T 39.5~97. 3%, CC X T 8.3~88. 6%l &7z,

RO E T RS RFREE KT (Graduate School of Agriculture, Tokyo University of Agriculture and
Technology) . W E T RFRFEEFZHZE: (Institute of Agriculture, Tokyo University of

Agriculture and Technology) F—U— K : THEA, BHfge, HEHEE. N THKEWNER
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4 ER

fib b KB LU0 KTk, HMK LB 10
L ChERH RS LOREIHKENKE 120 | = B 2 fEb S @ ccX
SR L7z, ZHITHE R MBI LY N Foo |

2RI EDOHEIMOWAKD —KATEIZ LY 20 |
i tH K O E 2 U, i E T O R 0
FINGER L7= (Ma et al., 2023; I 125K e i T s
7 1989 SIS D, SMIEEST g e s 5 L
i ~DRENERE S, Rl HKED . .

Fig. 1 Total soil loss
MmO N oz EZEZ N5, HKE
EEERHES R TRETT S & X
T K B 23 22 O [E] EHE H ! s i
ZuMEm AR LT, —H. bbb X E CC K
TR HEAKBIC b 59 121F 83K
H L2 7o, WK A AR B 0 SEBR ]
THITEBHEIIRES AR
7o AU, I LY EEEE R L OE
S & D AW 3 Fn S v, 2 i ) o B
KT XK 2 & B o HBERmE Xk #1808 #1156 #1508
(Ebrahim, 2019)72H&Ex b b, O RRBLURENSORE
BOBMKICHSTHRBER Co HgmmE K2 SRR D AR
PR L7- = ERRIBE S, Fig. 2 Total surface runoff
5. 80 Y I
AMFFEOFRER Fabo & X I L OV CC K TITARMXIT T B & L O K&
P Sz, MEHR P oW ER Fib 5K : 79.0~86.0%, CC X : 84.9~94. 7%) IZ
BT, WTFNOEHEBELHIETH ok HEREMEINR MR S, 22 L., KIF%E
DCCERDFERIZ, v~V —F =/ FRFGIZER L, mWEERDHEER SN TEEETH
LBNTZbDTH D, WEEOKNEFWIINCIL, [ E R O A E O, |
WITHE L Wo e ER+aIciHE o T, TEERMGEIZEDNR T T2/ BERD 5,
Lo T, EFOHERICE T 5MEZRICOVWTIIAROBFNLETH D,
51 FH Sk
1) B (2020), HEGRBREHSAHES [ Ry hAR—F— -7 w77 b I2X5
TEEF T, (2025456 H 8 HEEEE), p. 1. 2) JERAFHERS (2006), fHr i 3 a5 ik,
BlEA Sk 4, 408-409, 621, 1317. 3) I v AR YU —(1983), 28 Ml L B
X, ZFRIbHAR, 74-75. 4) Ebrahim, A. et al. (2019), Soil & Tillage Research,
194, 104324. 5) Jiraratchwaro, S. et al.(2019), IDRE Journal, 309, 297-302.
6) Ma, X. et al. (2023), Plant and Soil, 483, 355-377

EE NGBS H . LR T 0 HEEC 4% T ﬁm-
DU T AMERHE SN EN—KEE a0 |
255 (RIS, 2006), F7-. #EEIC & g{m i

~N

wn o

H

BimAE (mm/h)
Now

-

o
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ha R TROPNINT LT DD DN
Making Farm Ponds a Nursery Habitat for the Japanese Eel

opft &Hx1* Rl A
SHIRODAI Nanako NAGAOKA Seiya

1.IZFC®HIC

BAIE, AU Xo@EEIEED LTy, RO R ILRE SO RK N E
MRKOHHENTWD., FRCU T XORBEL ITITKBOEGEENEEE I N TWD. B
RTE, v X0l R E KoEGHE ORICKRBERAH L Z LITH LN TH
LN, ZOHFHEOREIIZOVWTEFFITHAIATWRWY., 29 LB REAEE %,
BEMTZOMB T T XORERE L TOARELEH D ERE L. VIR 52
EDTEDLHEZEIZODNVT, TOEREBBLIVORBEEIZHELT L LICLD, Kk
DOERHEOFMA RO N D, KFRITTHAAEL LT, S TWD 7ok X
KB ERSRE L, T LEEOARRHAE L 3/KROMEIC X 2 EGEEOMIEZ1TH- 72,
2.FRAEME
2.1 T LEOARRAE

L a2AT o 7 lE, PHAEKFIEA 23 & 3
50MTHD. HARHIL 202549 A TH Y,
IEHEBEW T H =D, O & HeAKEDWITH 2
Wi I & TiX, Google Map TaHHI L, [EL#R EE A

THI2kmToh 5. RO IFRE HiEIL, WAKDH
Thod. eARFEZEMZRKT 52 & THY
.l EQOHB R ~FaEIZh-TEY,
AN ~DRANITEER & HIBT L, A— k25 DOff
BAaITo T, MENEIL, MELLLEMORERE
EBTHD. Flo, SHICEHMEEO T 6 M M1 0T Lok T
T HAEEZFEmE L.
2.2 BEIZILIEHREDHER

AT O (R PEAER 2km), T (FECHREEBER 0.8km), K (ELHREEAER 1.3km)
DIKFZTEMLIZ. 3/KFEDBIZ, BRENELRDZ OO, W EOERMAIXFRT T
b5, HEFTT AL 4 EOHIE{%?E}E%H \Z3EHE L 7e . BEAEEIE, oo fRktE R
— M LHEKRBABAEL, #HiB)E oA E T —1 L L7‘:. RLERN AL, %A, K
pEWrmm (bR, &S, KE) ZFHAIL7z. KEETIE, SRRV TERBE~D A D
%KZ’)U(%l/‘<‘:§qzﬁﬁL?”:ﬁi%ﬁ’iliﬁ?g%k“)b\“(%fﬁ'ﬁ%ﬁo71.

*ZEHRKFAWEIRFE (Undergraduate School of Bioresources, Mie University)
*EZERKFRFLREAEDERFZUEE (Graduate School of Bioresources, Mie University)
F—U—FR: o, ZAHRCU X, RERE, £ERE
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. HERRLEEER
31 MFLEBOEERE

ARRHELVHESINTRERIE, 77 v 7 132
83 L, 7@ 174 L (#iflE 1 IE5Te), £ AW =
208, A4 auF 1EThoT-. LI=N-T, Wt
LICXDAERBHAETIE, VI XEMBEINLZD1-o
7o AT DMK ZHEK T D REICE B [H AR % B
JFCWEZ e, U XAERTH L aTREEN D o
5. k1, R—FCTORMERETH 7720, MK B2 &SK1L5mOKE 58 0.5m)
DODHWNICENT= X 2/METX oo HE D %72 (0 #)
MWRHH. 2720, vFXERCHEENEZITERT
HEEEEREOEZ AT =0 2 LIz &
Mo, B AH = (W) 23 LA e KR TH
LAREENELSELALND.

M EEYREORE, K930 Faou T LEIC Y
FTENER I TNV E, FRENOHKE
NTOHEE®REZGLZENTE.

3.2 BEICKIEREDOHER

O M GMEHEIE TORAETIE, —HHICAE
OB EIZEBRRETNEIND40mE B2 5% E
T (K2 BRIz, T2 OEm)IETORME
T, MMoHDIC X088 L4 2 10X/ #E % %
biodma 2m U EOMEZREA (K 3) MHHERS
Nz, K SmIE oA TIE, %2 3mll
FoEE~OWEK (K 4) PRI, £72, OV
THOKRICBNTS, AR IEEMY CTbH -
e, KEN 10 cn Rl Y X0 EIo R
METHLHEBZONDLXBNGFE L. 5%IL,
EWMHI BT 2 KESEN Y FXo# Bz LT
WDLMNE NPT OLERDD.

L FLEHESHEDRE

FARRICBNT ImU EOBEENGFET LD L 2R THIENTE . VX0
BIZTE o), MEMVFAENLBEICHFEL TN &R, KK TOEE
HMwaz AF L. %1%, BEEHR RESGICKBBESELRESMBES L, B
DNA CHIERE DR LM AADLEDL LT, FOMORESR L L COKEL T EMN
WCRIiT 2 PECTHD. TNOHOHEICED, HoMmEED 2 RIBRRENFEO
ERIBIEORT VU XY VEHHERTE, SORIWFIIFHFTELHEEZTVD.
BiE
AR50 V3 28 26 A T N R AR 2B i B R B B2 P REBF R B AR T35 AR 2R - SR ZE ) O KB & % T EME &
ni. Fi, AECH Y SR BMMBEERRE S - EHABER» LSRR B2 VEREEE LE

e

4 mE 3mll oV (K )
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BRERTKEEDKPERZ R & L 7= RERHICE T 5 YOLOvVS - YOLOI1 -
YOLO26 DH:REHEL
Performance Comparison of YOLOv8, YOLO11, and YOLO26 for Fish Detection in

Underwater Images of an Agricultural Drainage Canal

Ol He* - HilE #ER* - JTk R
OSatoru Tanaka*, Shigeya Maeda* and Hayato Motoki*

1. iFLoic

REMRPPKEO Al E Red 5 o, ARAHORZEMOHOREIIEETH 5, —7,
IE B P BREE DNA 1213, FREHS I 51 2 RO TR ICIRA L S %, Al 5 (2025) 11,
XA LT T AT AT THEG L 727Kl s L€ YOLOvS8 (Ultralytics #1) @A L, £V =
BI04 oHBESEETH 2 L ER LI, Lo L, EBERPIKEECIIEKSHELE -
Bl Sichn 2, EERoBIHIEGIC 13/N A oKL, fatkoEL Y, HiiEco RYh
REPEGEENE -0, AHEREOKER EIHECTH L, £ 2 TR TIZ, YOLOVS,
YOLO11, YOLO26 % [Fl—5fFcE &+, MatH7 — % 5 X U Ground Truth (GT) 7
~OUAEE iR T, BRI & HERmIRE R O T 2> O PERE & HLER L 72,

2.

2. 1 NFHHEFERT—X

IR EAT O B R A RYEKEE (I8 3m) Ics T, AREDABNICHKE S N fHD
THIc 24 25 725 A F TLC200Pro (Brinno #:&) #Z%@&E L, /KR Z & L 72,
Wi, 2024 44 H 22 HB X9 H 26 HD 6 i~17 8, b Nc 7 H 22 Ho 6 HE~13
BRICHEM L 72, HifRY 4 K13 1,280X720 27 ACTH Y, IREHEIZ I H 26 H23 18, 4
H22HBXUOTH22 HR 2B TH o7, HUSHIRD 5 B, “EE M 546 £, #RELH 129 #2,
HEZRA 12,600 #0% V72, HEERAS R OMEFICIE GT 7 <A {5 300 0% v, a4 v
Z & v ZBUE 389, MRiZEY =375, 24 14 THo7,

2. 2 fERH

Yk £ 7 v icid YOLOvVS, YOLO11, YOLO26 Zfv, MRfafizEYy I8 k2
AL L7, T/ F7—3avicidlabellmg 72, FEEME, Ny FH 4 X 16, =y
7 #0250, w7 v =) X L AdamW, HRY 4 X 960 v 27 kb L7z, YOLOV8 1d Hig
DEHEE T v, YOLOI1 &t Eom Lo iff s s €71, YOLO26 13/l
faeHmm co RUN~oX GBS HfFE 2T L LCE DT 72, FFli AR IC X
Precision, Recall, Fl-score, mAP50, mAP50-95 % H\ 7z, F ek H & 129 MrciAR
PERE % 5 L, JICHERmA IR 12,600 SO L TRz (T o 72, & Hic, GT 7 A&
M5 300 MUt L% 1T, BEffe oEs X001 iRy 72 v o fEsmkefE i X 0B
A 2 1T 2 72,

*KIRKF: Ibaraki University
Pkt BERBPKE, SEHIE, FEEYE, YOLO
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3. BRLEE =1 R 300 Bk B o 7o RS B o KGR STt

YOLOvS |[YOLO11 |YOLO26

*ﬁ%ﬁﬁﬁ IE”%% 129 & 0:ﬁ‘§_‘ z) %zl:ll‘ékﬁg'c‘ ‘i, é{j—‘@ Fl 6i YOLOV8 2T box(p 0.986] 0.986) 0983

73 0.931, YOLO11 %% 0.945, YOLO26 %% 0.905 T& v, YOLOI11 28 O
BbE»roTle, —Ji, GT 7~ & 300 oz v 2 dtamfki ko = p¢ 0 o o=

FEEFHEi<lx, R 1 XY, Precision 33 ET AV TRERENRALN T s

mAP50-95) 0.471 0.479| 0.443]
ad box(p 1 1 i

72h> o 7225, YOLO11 C Recall, F1, mAP50, mAP50-95 23 % & - BCE I s
Mote, LEAoT, YOLOIL pidtke LCRbEOLBaEL R el i o
L 72, mAP50 & X ' mAP50-95 (37 v F 4 v 7Ry 2 ZADMERKE X &UIEETH B C
&b, YOLOI1 i3 &7 o Tl d IEICARBRMELZIRA Tz E 2 b5,

ffEAlc AR 5 &, €Y 2Tl YOLO26 T Fl 28 d ma > 72—7, YOLOI11 © mAP50
# X U mAP50-95 3 d mih o 72, 2 4 Tld YOLO11 C Recall, F1, mAP50, mAP50-95
Db ED o7, LA -T, YOLO26 (FEY TOMBICEWT—EREE R L5, £
ATI1Z YOLO11 28 X W LE LTz, — /5T, ARIFFE Tz efko Recall I X Uf mAP50-95
TYOLO1l A L oTwZ tad, EFADHL X DA THREERERRE ST 2D Tlik
, BRT ) T—v avolg—e¥ET —20H, ¥ELMVEETHILEZLNS,

HERRIERETIE, HEFRFHIEIR 12,600 Bcrd 2 1 WifRY 72 Y ORI 25 YOLOVS < 5.9
ms, YOLOI11 C47.6ms, YOLO26 T 28.4ms CdH Y, YOLOVS fd o7z, MU EX
Y, YOLO11 i3MHHKEE, ey v T4 v 2Ry 7 2D IEf X 1 h, YOLOvVS I3 H#Eqm
HEICENIRER L o7, £7-, YOLO26 TlI, fifk2iEHL > T3 HHICHE W T, fHik
TEDNRT YT AV IRy 7 ABSHEL TR E N HI28 A b e,

X 1 KpEEREZETArOBRBERORE (25 YOLOvS, YOLO11, YOLO26)
4., BbHIT

ARFZECIE, B3 APEKE O K FER % € YOLOvS, YOLO11, YOLO26 o
Hew bl L7z, fE, DRoMHKSEE ¢ YOLO11, #E3H#E <13 YOLOVS 2343 & <,
YOLO26 FEA W IGHECHEFIcHmE S n3Hraa bz, UEXby, flEibitEaEcix
EFANDOHLIFLTFCTRL, T/ 57— avolg—WeyEsr— 208, ¥ EEENEET
BB ERBINT MHEMEREDSGEICIE, T/ T —Ya voRBELYH D ETH 3,
SEXE DITH - &)1 - 55(2023) : EEEEE H O 285K T o —bRic 51 3 BEA BT E oM
F, H 72 A EN TR AKSHHAHEESE, 443-444. 27 - He-E5H I /NS - Aa(2022) ¢
Khh A S OEIG & GEEEE I X B MM LT 2T 2 omAc BT 2 E, BARYAHEBL Ok
), 78(2), 1.127-1.132. 3)5 - @& - B - bk - 5787 - B9JE(2024) = Al RN IC X 2 BEFE O 5%
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