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Abstract: Indoor vertical farms using artificial lighting enable high-density and year-round
strawberry production but create humid microclimates that favor rapid disease outbreaks.
Conventional disease scouting based on visual inspection is labor-intensive and often
delayed. This study aimed to develop an edge-computing-based automatic disease scouting
system for strawberries cultivated in an artificial-light vertical farm using a YOLOv5
deep learning model and to evaluate its reliability by comparing results before and
after outlier removal. A slider-mounted RGB imaging system and an NVIDIA Jetson
Nano edge device were installed above multilayer strawberry beds in Taebaek commercial
farm. Images collected along predefined paths were analyzed to detect major strawberry
diseases including gray mold, powdery mildew on leaves and fruits, and anthracnose
fruit rot. During the experimental period no insect pests were detected. Before outlier
removal, 3,357 disease objects were detected, with the four dominant disease classes
accounting for more than 96% of detections. However, a few rare or abnormally large
detections distorted infected-area statistics. Outliers were filtered based on confidence
threshold, size distribution, and geometric validity. After filtering, the overall spatial
distribution and dominance structure of major diseases remained stable, while quantita-
tive indicators became more realistic and robust. Gray mold and leaf powdery mildew
consistently emerged as the major threats, and hotspot locations were preserved. The
proposed edge-Al-based scouting system demonstrated feasibility for real-time monitor-
ing in an artificial-light vertical farm, and systematic outlier removal effectively improved
data reliability for precision disease management.
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AAG Al QIFgTHS ARESt] AES A% Al AL BA] QoA TUE AL A Y I, FEgt
4 g5, A9 o]§ 583 55 FHE AT S3E 5 oI GAlRE AF A4S fote] AlA” A8 gfiE o
ArH1,2]. E3] BV IRIPHE] BAFEA, 253559 T4 Ao7t Lolgt AW TAoA [FA Aujet AntEd
71& Z}doll ARt 1Rt AER BrEo] g ¥ o g B7] AFBARS Yet A s ol 2851 ink3]. 1y 4
&, A v, 1UE A4 E Q1FFS AREohs AuliehE2 HYe] Fat ghatoll fEgt niNgEE Pk, 5
Al 15T 37] BA F+99 AS 580l Wl WAL /=T 4 Uk

AT TR D7) el 2ol A itk 2 FAo] AZ4et ToiE 2ok £8 WollRs AEWFEolH (gray mold), 1715+
1 (powdery mildew), 4% (anthracnose) 5°] LA QJTh(4,5]. o3t Wofo] ot 27| &3} 14 WA= ¥ 49
FFol Fo] H2 WP 25T HFH P Fld DA AT WY A5 28 WAL LA Al Ao A2}
7R 2 AefAe] St Xat Aol 3A &t ke JokHo|, - o WAk 9 €] A9 EA7L FHHETh

F| 2ol AlAOA ZE Auf Igol| A Aok theket Bl 14 fiste] HeEld 71uk A ©A] 7]&o] L8 Q=]
Q1A A7t &1 AAZE A7 7S BolFa SltHe-9]. £5] YOLO Ald 22 43t 9 &% ZHOA] 9lX] HHfo]A
o9 H-8/do] =of, AT T2 rH Aul FHNAY A el olF AAF ] | AR wekETH10,11].

o
TRt A A BAEACNA SEE FAOIAE £, WA, w1, 9 AT 50 Ao o4 outlier) B 28H(false pos-
itive)o] WAIZH 4 glom, ojSo] el WAl Wik U Al WA A 2ol AT A AR A9 BrRAC) Aol
AstE7|E Sk dolE Bretn UHE $4xdo] ABRY A5 golA AuE e Ao sto] oK A
A% HolHE AR Bejste] WalE oY Aute] wsiel ojn|S BAg AL Astaolc,
Hebd 2 dpolds 3w £An B A BARANA, Setold et G4 54 @
YOLOVS %3] 97 B9 H8% A% o2 A2 T5311, oA AA A-F voleis Rl Rastons WalE 2
4 e

43 83 BE, olgA AA7F EAA A Ee} Hotspot SA0l| vAl= FF A AE2AQ 254 Wois o] A=l 48

og&
o

o

¢

AA A GAA YOLOVS RES Z-85}o]

ke FET A0 o) AR P2 ASE B 33577010k Eg 1). WA FY WAL FL oF 736 x 10° pixel’E APEIOM,
AR W Y AL oF 219 x 10° pixel’ Y. AH/IT B ATFF FASY o AW F BUHY A2d 15
HSOIAE 2 Fgol Wl Wl FANALS & & AUk BE FE AN A=t 44 270 et 095 RO
ABEE A4S RAoY BEUAL Fooier. Ea AZE AAZE 05-09 WA MotA|HtE A% Agole wsl
7 g9t ol 75 Bdo] 5% sjdlo] s} UE B AHES Folstu e Juishu, Wi AzE Lt
x2e A9 gt £4 olRE AYmwoR WES] of¥rks AR Yrky BeEc

FoE A% NS B4 A, S8y, YR, HAAATY 2 B4 5 R Fot A4 A2 F 079

Aoz TR B F2E HATHFg. 1, 2). A9 4719] B3l FolA 3MFFol= (Botrytis cinerea, Gray mold) F 56%2]

= B2 Yehg o, Q3728 (Podosphaera aphanis, Powdery mildew_leaf), Qui¥3-2S FEot= ©AY

(Colletotrichum spp., Anthracnose_fruit rot), QU3 7} (Podosphaera aphanis, Powdery mildew_fruit)o] 71 FE o] th(Fig. 2).

47 AHERE A}t R Q15 A5 Al 04 ol Bzt AR 91 a”lde] ElE U=,

ol kAU AlHojAet niz7iA| 2 EHy FAFFNAE AG- A7 S Aujgtge] Aoy 9 7R Ay
fEloHAl Agettte 71 Hael kRt 15,17,18].
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Detection Count

Fig. 1. Detection counts of top 4 diseases detected and classified by deep learning strawberry plants grown under the vertical farm
with artificial lights.

Other minority diseases

Fig. 2. Distribution of top 4 and other minority diseases detected and classified by deep learning strawberry plants grown under the
vertical farm with artificial lights.
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Fig. 3. Comparison of spatial distribution heatmap (Grid) before and after outlier removal of image data detected and classified by
deep learning for disease detection in strawberry plant grown under the vertical farm with artificial lights.
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Fig. 4. Scatter plot (upper) of confidence vs size, coefficient of variations (CV) before (down left), and after outlier removal of image

data detected and classified by deep learning for disease detection in strawberry plant grown under the vertical farm with artificial
lights.
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<Deep learning system using Jetson board> <Slider system of horizontal moving image capture>

Fig. 5. Monitoring and image preprocessing system designed for disease data collection of strawberry grown under the vertical farm
with artificial lights.

% Data Image — Model Training Model
. Preprocessing Compile Obtimizati
Preparation - e ptimization
-»> Train = ReS|zIng_ = -»> Training -»> TFLite Conversion ->
Validation Augmentation Epocr_ls Model Quantization
Original Normalization — Validation

Image Inception V3

Fig. 6. Deep learning model development for disease diagnosis of strawberry grown under the vertical farm with artificial lights.
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