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Identifying Major Clinical Signs of Scuticociliatosis in Olive Flounder
Paralichthys olivaceus Using Deep-Learning-Based Object Detection
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The olive flounder Paralichthys olivaceus is a key aquaculture species in South Korea, accounting for over half of
the total farmed fish production in the country. However, frequent disease outbreaks, particularly scuticociliatosis,
have economically harmed the aquaculture industry. Conventional approaches to diagnosing scuticociliatosis, such as
visual inspection and molecular testing, are subjective, expensive, and unsuitable for field deployment. We developed
a two-stage image-based diagnostic pipeline for identifying the major clinical signs of scuticociliatosis using deep
learning-based object detection. the first, the olive flounder is localized within the image. Second, six external clinical
signs (ulceration, corrosion, erosion, erythema, hernia, and distension) were detected. We evaluated the performance
of four object detection models: Faster R-CNN, DETR, YOLO v8, and Co-DETR. The Co-DETR model was supe-
rior, with a precision of 94.0% and recall of 97.6%. A prototype web application was developed for practical use in
field environments. This study demonstrates the feasibility of applying deep learning-based visual diagnosis in aqua-
culture and provides a foundation for the development of automated disease detection tools for various fish species.
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2| AF A 7] v o2
WS dopolA] B A8 ek |
(artificial neural network)& 7|RFC 2 Sl =
U=, 53] ofu|A] q14], 2hedo] A ] 5 ket Fofoll A g
e HolFar Qlnk gl el =2 2| & Sk<5(super-
vised learning) 2] 0 &= T EH, o] = ] € o]} FH 7
o] &(label)o] *(pair) &= A|F5te] o] Aot S22 A
Hohw s Shehs Hhole). 94 H2lE TRk A g
(computer vision) ool A= F2 FF(classification), =]
2] (object detection), &4 F3H(object segmentation) Al| 7}
A AR GRS 4 Q) o] & Fe o|n] A THelE A4
= sk, g olm|Aof tisf M w2 SES A= 2
B A(class)E 2E SHITE A §X]¢F A4 &2 o|u]A|
W 4] & A (region of interests)S WA ©A|gH &, gl G <o
e F7t2 BRE sdshs Haao|th B4 ERolA=
2P H= AR FE 2 v H(bounding box) = EA| S}
o, =4 8ol A= I @919 polygon FE| = AT &
T w9 EAAA AT Al AP o]Q]o] EZ gt ui7
B FEFe Wol W= Tl Qlrt vH, &4 282 Hrk
Jugt ©A7} 7HssHA| R, HlolE o] -#] o] A (annotation)o]]
T A7 H[go] B whgdo] Qlek o] 23t o] & F T o
et okl A= e S LBlste] 24 'HA 7ee
glts] gg-okal Stk 24 BA] Yare]EE 27| one-stage,
two-stage, transformer 7|4t @l &2 Z2E T} One-stage W4
= E=9] g A2H(proposal) T }lo] ofm]A] W ZHH| 2] £
x|} F7E 3 Hof| &3k 22, mdo] HekslE|o] w
E A7 H=E AlSel olgt SR Qs At A2
of Aglsh, a4 ¢ Yare]E == YOLO (you only look
once)7t Tk Two-stage ®A1 $-1 F oS WA AR
279 913 BAL 4] HSHst Ak o EAT S
= oha L) a, i 3 ZE 2= faster R-CNNO| Qo Ztojl&=
transformer 35 7|WFO 2 g 43| A BElFo] A|QkE i
A}, Transformer 7|WF ¥W-4]2 Q] on]2]9] MY HHE &
THA 0 & F5310] 7]& CNN 7|5 22l o] 3HA| & =251 %}
&}, DETR¥} Co-DETR©] T2l o]},

2| PARROPIA . HFE HIA 7eZ E83 "Held 7]
HE A ek A7F &S] o] Fo] 2| AL IEH(Al Noman et al.,
2022; Hasan et al., 2022; Son et al., 2022; Cho and Baik, 2023;
Pallathadka et al., 2023; Park et al., 2023). of| & 5], Park et
al. (2023)2 57 ¢aelSS Bof AW f5 2 AHE
519137, Son et al. (2022) thekgt Myt AA & S5 &
A A5 TS AlZ=814 e} Cho and Baik (2023)2 YOLO v8
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Hwang et al., 2024).
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55| AFE7P O 2 S EFARES, vlEe e
CFE g FEEE 497} Hol, T AW ERu
Ferslel 4 w7k ik Auk o2 5] W
B4, o] 4 5 WA W A 7h SA
Ao] 75 497t B Rl in et al., 2023), AF okl
A= A oulA] glolE g7t oy, AW 7F T4 &
AL o] T gt A7) gol HeRt 2ltto] B of Frf

oo & ArollA= A BN PR o AFETIY =2
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2] (object detection) THA|of] L& 4= QS v HA
(bounding box) FE]Z ©]=H| o] (annotation)= o] 1o
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gl ojujzjo]t},

15HA] @ 2] 47| &Z] o A= Al Huboll A Al 3-8 g %] 2=
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(a) Original Image

(b) Annotated Image

Fig. 1. Example of olive flounder Paralichthys olivaceus object detection dataset. a, Original clinical image; b, Image annotated with bound-

ing box for object detection model training.

(a) Ulcer

(d) Erythema

(e) Hernia

(c) Erosion

- (f) Distension

Fig. 2. Representative annotated images for the six major external clinical signs of scuticociliatosis in olive flounder Paralichthys olivaceus.

< HAES o2 Sga9ich BE oju]X|i= ofiH|o]d A g
7F et A 2 Fig. 1o 1 dIA1E Al A8k

2eHAof| A= AFEIZPE S 8 Q) S 650l et BRI E
$3Y3F tH(Fig. 2). 3 Aol A= AT Huboll A A5 g 4]
Ay glolE'hE ARgaEGl o H, o] F AFE|7IE I B H 6
T QF 3ol sliFst= olu|A| HlolEE Adste] 285191
o}, 3} 9 Al -2 AT Hub o] g ofl = 34 $&] o] gt o]
glold o7 9 SAY BUA| 5o EAIZF U 2459t of
o Hrt Heet sl tlolE M SHE 8l =t Akt elat
AlFdetae] 4 AW HE7Fso] Fhofste], Alguke: oju|
A & olHold o5, TAY BYA|, gL on|z] £ A
ot o5 Wls| HESIIT A4 12 7} o|u| A & St
o] $1z19k 4ol s 71 E A=A ERIshs dA%t 5
A5 E Azt digh At AR FEE A, 55 A
27} Qo] A= AJolglh ofm|z|of| thalAl= Aol A A|elst
Ao, ofg] 29 WAt A5 Tl Bt FEet T4 o]l
Ak AaRgIct zF SAE oA 52 oF 9:1 H|& & 85
S A58 ol 2 TRt on, HFH o JAEA B
9 5ol 11,4729 o|u|A|7E, AS o= 195%2] o]w| A7}
8= AtH(Table 1).

AFE|FHE ZIE mhoj=afel 71y

1 Ao M ACHEE ATERY 8 S48 sho] Tefele
Fig. 37} Zt}. i sfo] el x| A x| et AE|7H
%8 Z4 94 F AR 2R ek

W oA Hf LE-EE AA[Sh= H A A Q14 9] F=
AL S13) 1T 2 RS (noise) 4717} B st o] 9]
3l Faster R-CNN (Ren, 2016), DETR (Carion et al., 2020),

Table 1. Distribution of training and test image samples for each
of the six major clinical signs of scuticociliatosis used in model
development and evaluation

Clinical signs Category ID Train data Testdata  Total

Ulcer 2 680 85 765
Corrosion 3 349 62 411
Erosion 9 177 20 197
Erythema 10 64 6 70
Hernia 23 100 1 111
Distension 25 102 1 113

Total 1,472 195 1,667
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(Stage 1) Object detection of Paralichthys olivaceus
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Fig. 3. Schematic of the proposed two-stage deep learning diagnostic pipeline. Stage 1, Olive flounder Paralichthys olivaceus detection from
clinical images; Stage, 2 Identification of six major clinical signs of scuticociliatosis within detected fish regions.

YOLO v8 (Jocher and Qiu, 2023), Co-DETR (Zong et al.,
2023) % 47 wRe] A AE A5 Wk, 1% AV
A0] 22551 YOLO v8 228 AFE-3} cH(Table 2). YOLO
v8 88 CSPNet (WANG et al., 2020) 25 7|HtS. =2 U
EfAY] ke SolHA = Fa3 54 R &4 F
23| =2 A E o], whE AN} =2 Yt S Helvk= 4
A& zteth

] 2A] 2] Zdlof A= COCO Hlo]EjAlof| A A 8
(pre-trained) YOLO v8 223 7|Hlo 2 H. 335131 Ql=
o] 2| & 2Hg-sto] KHls w|A| 27 (Fine-tuning)s}3iTt.
T Aloli= AdamW 2] 23} g5 AME-5FR1 AL, SH5E(learn-
ing rate)0.0001, weight _decay+=0.0001, B} X] A}o]Z(batch
size)= 16, 315 epoch 4= 302 2 A3} T).

AT =8 54 SR 29 7S 918, faster R-CNN,
DETR, YOLO v8, Co-DETR®] A2 v|m3}¢ o0, 71 A}
7V 943 A58 H9l Co-DETR 298 2H85}ItH(Table
3).

28 8otz COCO Hlol|le] 4 £ Co-DETR
= ZEopglon, ol5 & AT AFEIY 8 S o]
EAlof] 587 w427 (fine-tuning)3F AT}, ©] o, ResNet50<
W (backbone) E A =2 ARSI AL, AdamW 2| A3} g, 5}
%E(learning rate) 0.0001, weight decay 0.0001, W z] A}o]
Z(batch size) 16, epochs 3022 A3 ©dl &£H-S #15Y

st

(Sl Yo

HET B}

neo] 52 Briskr] el & AtollM= & 3714 A&
ol A= (precision), A& E(recall), ToU (intersection over
union)E ARE-SFRITE 2 AT Ao Aol W Al TRt
2t

4 = (precision)i= HHO| HETH AA| F AA| A H(true
positive) ¢l 214 2] Hl-&-S& L= A o]t

A& E(recall)> A A A 214 (true positive+false negative)
ZFollA mdo] grtEA HETE A (true positive)2] Hl&S
UE= x| 3ot

lIoUs= A gA]ofl A ol &3k BR-q 2o AA| o v
g HFA Zhe] HA = A B7Fshe Aol

P
P==TpiFp
P
RETpEN
IANB]
Tor=—A0BL
°“TAUB|

 True positive (TP): o] 23k 247|744 45 242}
A|ate, IoU7} A4 QALS 2Tfelol Sulaq 4%
5 792 ojujgic},
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* False positive (FP): IL&lo] HE3E A7} AA| A5}
Q7L IoU7F A AIgE] vl 2] 4] el 25 e = s

£ 498 ofnjgic,

« False negative (FN): o] x| Wjofl AA] 247} g =
Etstal, mdo] aiy AAE ©A|sHA] AU, ToU7}
UAGL PIREO. 2 ke A5 oju|git)

¢ A o2 e w2 oS ojuj3ic,

« JAUBL: 5 uh2o] @218 2 olo] Mag ojulat.

HBE| B

H o] rE wd 515 W g AE X Intel Core 19-9900KF
processor, 64GB memory, NVIDIA GeForce RTX 3090 GPU
7H 2R A @70l A R = e s ATl Windows
10 Pro - A Aol A 3= lom, Held B2 352 Python
3.8 87 o) 4] PyTorch 1.12.0 #2129} CUDA Toolkit 11.3
(NVIDIA, Santa Clara, CA, USA)S &-&35}o] 213451}

2 o

g 2x BX 229l 95 H|uW

YOLO v8, Faster R-CNN, DETR, Co-DETR X &2 tjjA}
o8 Yz A gA] e vlagh A}, BE Rdo] AUk
(precision), A& -(recall), IoU ZHol| A Axk& o2 =0 A
5= 23 cH(Table 2).

1220 A= YOLO v8 o] IoU 97.2%% 714 =& 31
7158t o, A Eet HHEE 217 99.1%, 96.8%= -
shoiet. o= P& AA|7F 23 bkt S v = ZHE ol A
= QP4 B 7} b5 RS Sjulicy.

Table 20| A A]E H}9} 7Ho], YOLO v8 L ell-o- w2 A AL &
O =2 A S FAlof WEEAIZ S 2N AA| dA oA o] &
& 7542 ol Fig. 4ol A= g A A |of] et A4 '

| b

@

HAE e e 71

AFEFHE FQ ¢ Al 229 g5

2FE7HY 38 S 65l thel vl 7HA] o] ©HA] A4
] 18}l aL, 71 A TS Table 3] A48T

AFETPE 22 S el vl 71A] el T1] dsS H
w3k A3}, Co-DETR Hdlo] R4 02 714 9-4=5t Ail=
HtKTable 3). Bt AUEE= 94.0%, AH LS 97.6%= Lt
Eppton, o= thE Y ofv] AU Es oF 2-8%, Ad&S oF
14-25% o4 =& %ot} £3], Co-DETR &S 7} ZA4h
HEE 127 52 A& 7|59, o= AA 1
FAA AL GRS 75/ o] ke FolA Fagt nlE

71tk Co-DETR 2 &2 8831 65 =8 54 &4 2¥=Fig.
5o AlAISFA .

<5 Y H(confusion matrix):> &5 E= BA| ZE O 52
AEA R Hrlelr] 9t =tz AA| St mdo] o &
gt S ko] WAE AAA oz 2l 4= Qir) 2 ARl
A 60 AFE7HY FQ Al tieh 2 o] B deS
Hop Aoz £4517] 98 &5 FES Bt o=
B7ekAtt. 1 A, AR S0l thE SR L8R HAY
o= QlajE o] ke 97k o, thittS getsl
A= 2 HFig. 6).

Fig. 6a, 6b, 6¢+= Faster RCNN, DETR, YOLO v8 =&l o] &
SUER AR OE FHLRY AR A7 AHE SIS
T Utk ey ] @ FHA] Alels A S RS
73 (background) & 2 23 F7 B o] B A|51A] ehgithe AS =

Q% 4 glek
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Table 2. Comparison of object detection performance (precision,
recall, and ToU) across four deep learning models for localizing
olive flounder Paralichthys olivaceus in clinical images

Detection models Precision Recall loU

Faster R-CNN 0.977 0.986 0.962
DETR 0.943 0.977 0.967
Co-DETR 0.991 0.922 0.912
YOLO v8 0.991 0.968 0.972

ToU, Intersection over union.

Fig. 4. Example outputs showing successful detection of olive flounder Paralichthys olivaceus from clinical images using the YOLO v8

model. Bounding boxes represent the predicted fish regions.
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Fig. 5. Visualization of major symptom detection results using the Co-DETR model. a, Ulcer; b, Corrosion; ¢, Erosion; d, Ulcer and Ery-
thema; e, Hernia; f, Distension.

Table 3. Comparison of detection performance (precision and recall) for six clinical signs of scuticociliatosis across four object detection
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(b) Corrosion (95.6%)

©) Hornia (97.6%)

models: Faster R-CNN, DETR, YOLO v8, and Co-DETR

2]7|0]4-& HTMLS5, JavaScript, jQuery 7]5H2 & &} (web)
7|HE 22 A E o, Apache 2.4.6 Y A9 2} CentOS 5
FAA oA et
718k] Django 3.1.3 Zg|QYaE LA, F8 7
RESTful APl &2 #1244 9]
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(c) Erosion (97.4%)
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7.23

(f) Distension (97.9%)

o
HEE AL
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2 B}u(Fig. a): AAHE A0 R EAH QoL 29
AT o|nA & JrET 4 Sl

olu]x] YR E 3}H(Fig. 7b): ow|A] PERE WA 2
%J(Fig. 7¢) E= el £ 27|(Fig. 7d)
Al &8kt

PEEZE o|u]2] E}I(Fig. 7e): G2 EH oW|A & HEL
qlom, ulek ¢ 2lg ofn|x)7}
ol olH| A& tHA

SR

‘=& 7] 7)

(back-end)= Python 3.8

1O
O

| ~elzhy B4 B, 97 2
e7bg 34 6 23t BAoln, ofE Aol e 5 7R 3t

[¢)

N2

o b

q
A

=
1
[e)

Clinical signs Faster R-CNN DETR YOLO v8 Co-DETR
Precision Recall Precision Recall Precision Recall Precision Recall
Ulcer 0.940 0.811 0.915 0.929 0.962 0.950 0.975 0.975
Corrosion 0.793 0.779 0.847 0.862 0.953 0.788 0.945 1.000
Erosion 1.000 0.666 1.000 0.705 0.938 0.859 0.944 0.971
Erythema 0.625 0.588 0.800 0.666 0.866 0.812 0.842 0.941
Hernia 1.000 0.666 1.000 1.000 0.823 0.700 0.952 1.000
Distension 0.756 0.819 0.930 0.837 0.935 0.852 0.985 0.971
Average 0.852 0.721 0.915 0.833 0.912 0.826 0.940 0.976
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