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Introduction 

Strawberries are one of the most important and valuable garden crops, widely supplied to global agro-

markets, as well as food and pharmaceutical industries, due to their high nutritional and economic value, 

antioxidant compounds, and favorable taste. However, strawberry production is often accompanied by 

challenges, one of the most important of which is prevalence of plant diseases. Diseases of fungal or 

bacterial origin typically cause damage to the crop growth, which may reduce the yield, and in some cases, 

lead to the complete harvest failure and significant financial losses. Timely and accurate identification of 

these diseases plays a crucial role in effective farm management. Traditional methods, such as visual 

inspection, require considerable expertise, are time-consuming, prone to errors, and often yield suboptimal 

results. In recent years, advancements in technologies related to artificial intelligence and machine learning, 

particularly in machine vision models, have made it possible to automatically identify plant diseases with 

higher speed and accuracy. In this study, the YOLO algorithm, one of the most widely used and advanced 

methods in digital object recognition, was employed to identify various strawberry diseases, including 

angular leaf spots, anthracnose, gray mold, and powdery mildew. To improve the accuracy of the model, 

modifications were made to the network architecture and training process. In addition to high accuracy and 

appropriate speed, this method may reduce the costs related to monitoring and managing strawberry farms. 

The results obtained from this study demonstrate that the YOLO algorithm can be effectively utilized in 

smart agriculture, in conjunction with specific equipment and tools such as drones and image sensors, to 

control diseases and enhance production. This research represents a practical step toward utilizing modern 

technologies to manage plant diseases and enhance agricultural productivity. 

 

Materials and Methods 

The dataset used consisted of 2902 images of strawberry leaves and fruits collected from the Roboflow 

database. The whole dataset was divided into three distinct portions: training (70%), validation (20%), and 

test (10%). All images were set to 640×640 pixels, and the labeling process was performed according to 

YOLO standards. Eight disease classes, including angular leaf spot, anthracnose rot, blossom blight, gray 

mold, healthy leaves and fruits, leaf spot, powdery mildew on fruits, and powdery mildew on leaves, were 

included in the dataset.  The YOLO11-Large (YOLO11L) model was trained using pre-trained weights and 

an object detection task. The Optuna algorithm was used to optimize the hyperparameters. The training 

process consisted of 200 epochs, utilizing an early stopping mechanism to prevent overfitting. The training 

batch size was set to 4, and other settings, such as data augmentation, including random rotation, scaling, 

horizontal and vertical inversion, random cropping, and image blending, were also applied. Finally, a deep 

learning model based on YOLO11L was used to identify and classify strawberry plant diseases. The final 

model is consists of 190 layers and approximately 790,000 trainable parameters, which are distributed 

among three main parts of the network: about 480,000 parameters in the backbone (feature extraction), 
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285,000 in the neck (feature aggregation), and 25,000 in the head (detection output). The model’s total 

computational complexity is approximately 6.86 GFLOPs. The processing speed of the model was 

measured to be 0.5 ms for preprocessing, 23.6 ms for inference, and 2.3 ms for postprocessing per image. 

 

Results and Discussion 

The results show that the evaluation accuracy of the model is the best in case of blossom blight class, 

where a precision of 0.951 and a full recall of 1.000 were obtained. This indicates the ability of the model 

to identify this disease without any omission errors. Additionally, the mAP@50 and mAP@50-95 values 

for this class are 0.995 and 0.882, respectively, which confirm the model's accuracy at all Intersection over 

union (IoU) thresholds. The angular leaf spot class also demonstrated good performance, falling just short 

of balance between precision (0.905) and recall (0.904). Additionally, the mAP@50 and mAP@50-95  

values for this class are 0.927 and 0.760, respectively, indicating the practical identification of this disease 

at various levels of overlap. The leaf spot class with the highest number of samples (223) also exhibits 

strong performance, with a precision of 0.907, recall of 0.914, and mAP@50 of 0.943, confirming that the 

model has experienced improved learning and generalization with increasing data volume.  On the other 

hand, some classes, such as anthracnose and gray mold, suffer from an imbalance in precision and recall. 

In the anthracnose class, the high precision (0.952) indicates the ability of the model to avoid type I errors, 

but the lower recall (0.800) indicates the possibility of undetected samples. Similarly, in the gray mold 

class, the precision is 0.897, and the recall is 0.812, indicating some challenges in extracting the unique 

features of this disease. The lower value of mAP@50-95 in this class (0.628) indicates that the model suffers 

from performance degradation at different levels of spatial accuracy. In the healthy class, the model has a 

perfect recall (0.942), indicating that almost all healthy samples are correctly identified. However, the lower 

precision in this class (0.799) suggests that some diseased samples are falsely diagnosed as healthy, which 

can be risky in real applications, especially in prevention processes. Finally, the fruit and leaf powdery 

mildew classes have the weakest performance among all available classes. The precision of 0.816 and recall 

of 0.725 for the fruit powdery mildew class indicate a serious challenge for the model in accurately 

diagnosing this disease. In particular, the mAP@50-95 value of 0.689 also highlights that the model lacks 

the necessary stability across different detection scales. Possible reasons for this poor performance may 

include the lack of data in the relevant classes, the apparent similarity with other classes, e.g., leaf powdery 

mildew and leaf spot, and the insufficient visual diversity in the dataset. 

 

Conclusion 

This study led to the development of an advanced strawberry disease detection system based on an 

updated YOLO11L architecture, which achieved an average precision of 90.9% in the mAP@50 

benchmark. The proposed model performed very well in identifying diseases with distinct visual symptoms, 

such as blossom blight (99.5% precision) and leaf spot (94.3% precision). However, a relative decrease in 

accuracy was observed when classifying diseases with similar visual symptoms, such as fruit powdery 

mildew (82.7% precision) and gray mold (89.1% precision). This was mainly due to two key factors: (1) 

insufficient training data for recent, classes and (2) high overlap in visual patterns between them. From an 

applied perspective, the presented model has significant potential in improving plant disease management 

solutions, through applications such as intelligent monitoring of farms and greenhouses, integration with 

unmanned aerial systems for large-scale surveillance, and reducing untargeted pesticide use through 

accurate and situational disease detection. 
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-̸ Ăùºêù 

òý¾å ¡Ā£Ĉ  øĄù ¿v¾£ĉü  áwz ¡đĀLLÎ´ùĈ  Ăýw¸öñ ÿćv    Ăí ¢LLÅv

Ăzõ¹Ċô  v¼á Ç¿½vĈĉ  ć¹wLÎ¤év ÿ  Iđwz  ¹Ā«ÿ  í¾£Ċ¡w{  ¤ýjĈ  LÆívĊûvº  ÿ  

xĀöÖù øÞÕ  Ăý½¹ wĄþ£  ¿½ÿwLLÊíć  úăv ¿vĊ¢  ÿĉāÂvć    I¢LLÅv ½v¹½Ā·¾z

wLþLLLÍ ½¹ ĂLîözĉÜ  v¼LáĈĉ  ÿ½v¹ ÿĈĉ    ÀĊý¹¾z½wLíĈývÿv¾å ćwLă  ¹½v¹  

$Hernández-Martínez et al., 2023; Meyers et al., 2003 #)  

v wzĉü  õĀ£ Iów³Ċº  ¡Ā£òý¾åĈ  Èõw¯ wzwăć  ć½wúLÉ¾~    Ăí ¢LÅv Ă«vĀù

øĄù ¿v¾£ĉü  ûjù wăĈûvĀ£    Ăz  ÛĀĊLLÉzĊ½wúćwăć  ñĊăwĈ   )¹¾í ā½wLLÉv

zĊ½wLúćwLăć  ñ LĊăw  ĂLí ĈyLöáv  ÔLLLÅĀ£  ­½wLéwLă  ¾¤íwLz ÿć  ¹wL¬ĉv wLă

ĈùIºýĀÉ  ùĈºþývĀ£  í IºÉ½ ¾zĊæĊ¢ úí ÿĊ¢    óĀÎ´ù¾Ċ§m£   ÿ ºý½v¼òz

  ¢ĉwĄý ½¹  óĀLÎ´ù ¹¾îöúÝ Èăwí ¦Ýwzÿ  ¤³Ĉ  ¹½vĀù ½¹ć    ¿v y{LÅ

zĊü  ôí ü¤å½  ôzwé óĀLÎ´ù¢LÉv¹¾z  ÿ    ûºLÉ ¹½vÿ ¹wLÎ¤év ¡v½wLÆ·ć  

ôzwéûv¿½ÿwÊí Ăz Ă«Ā£  ýĀÉº  $Samtani et al., 2019#) 

Ĉñ¾z Ăîõ  ÿv¿ĉĂI½v¹   LÅĀ~ĊñºĈ  ¿Āþív¾¤ýj  āĀĊùò¤·ĀLÅ IĈ    ĂåĀîLÉ

ÿ  ôñ¾¤LÆíw· ì í IwăćI  Ĉñ¾z ĂîõI  æLÅĊëº  ½¹Ā~ć  ùĊāĀ    ¿v ï¾z ÿ

  Ăöú«zĊ½wúćwăć   ªĉv½¡½wLLÆ· ÿ  v¿  ½¹òý¾å ¡Ā£Ĉ  ĂíIºþ¤LLÆă   ¾ă

ć½wLúĊzI ÿ½ ¾z v½ ¹Ā· ĂLz Ì¤¸ù øtĒÝć  ï¾zôLñ IwLăù ÿ wLăĊāĀ wLăć  

ñ LĊāw wL« ¾zć  ùĈ¹½v¼Lñ  $Dholi et al., 2023#)  ¾¤íwLzć    ÃwLýĀùĀ¤ýv¿

½wLñv¾å LĉĂ,  ĂLîõ ûºLùj ¹Ā«ÿ ĂLz yL{LLLÅwLăć  ÿv¿ LĉĂ½v¹  ÿ½ ¾zć  ï¾z  wLă

ùĈ¹ĀLLLÉ  $Osdaghi, 2024#)  LLLÅĀ~ LĊñºĈ  āĀĊù ¿Āþív¾¤ýj    ­½wLé ¿v

Ăöí¾£ĉ÷Āî-  ÉwýĈ  ùĈ¹ĀÉ  ÅĀ~ ¦Ýwz ĂíĊñºĈ  ùĊāĀwă  ºÉ Èăwí ÿ ĉº  

íĊæ LĊ¢  ù óĀLLLÎ´ùĈ  ¹ĀLLLÉ$Aljawasim et al., 2023#)    ­½wLé

¾£Āzĉ¤ĊÄ   LÅĊā¾þj.   ĈöLÍv ôùwÝò¤·ĀLÅĈ  ÿ ĂåĀîLÉôñwăāwĊñ ć    ÿ

¾¤Æíw· ì íĂí ¢Åv ć  zā¹Āõj w  ûj û¹¾íwă  ù Èăwí y{ÅĊāĀĈă¹  

  Ä LLÅ ÿ  ¦Ýwz LLÅĀ~ĊñºĈ  ùĊāĀwă  ½vºĄòý ā½ÿ¹ óĀÕ ½¹ć    ÿ ôú³ ÿ

  ôLLêLý  óĀLLLÎ´Lù LùĈ¹ĀLLLÉ  $Maghsoodi et al., 2025#)    ­½wLLé

wùĉđ½wæLLLÅĀî  ½wñv¾åĉĂ/  zĊ½wúć  Ĉñ¾z Ăîõ  v v½ĉ¹w¬  Ĉùºþí  Ăîõ ÿ wăć  

āĀĄévć  ÿ½ ¾zć  ï¾zwL«¾z wLăć  ùĈ¹½v¼Lñ  $Wai et al., 2025 #)  

æLLÅĊëº  ½¹Ā~ć  ùĊāĀ    ÿ  ­½wé ÔLLÅĀ£ Ăí ï¾zæLLÅÿ¹Ā~Ċv¾  ýwåjĊÃĀ0  

vĉ¹w¬  ùĈIºýĀLÉ  £¾£ ĂzĊy v ¦Ýwzĉ¹w¬  ½¹Ā~ ÈLÉĀ~ć  æLÅĊº    ¾z ÿ½ć  

ùĊāĀwă  ï¾z ÿù wăĈĀLÉºý  (Carisse & Fall, 2021))  wLÅwþLÉĈĉ    Ăz

é¹ ÿ ÜéĀùĊè    üĉvzĊ½wúćwă  öí ÈêýĊºć  ºù ½¹ĉ¾ĉ¢  ùoz ¾§Ċ½wúćIwă  

½wLLLÆ· ÈăwívvÀåv ÿ ¡ĉÈ  ā¾Ąz½ÿ  )¹½v¹ Û½vÀù ćÇÿ½wăć  ¤þLLLÅ Ĉ 

wLÅwþLÉĈĉ  zĊ½wúćIwă  úLÊ¯ āºăwLÊù ºþýwùĈI  ýĊºþù¿w    đwz ÌLÎ¸£

  Iºþ¤LÆă  ów³ üĊÝ ½¹ ÿûwù¿ ÿ wÖ· ºÞ¤LÆùù ¾zĈºþLÉwz~ wz )Ċ¢å¾LÊ  

½ÿwLþåćwăć  ÝĀþLLLÎù ÇĀăĈ    ÿ Lĉñ¹wĊ¾ć   LLLÉwùĊIü  ĂzÿĉāÂ  óºù wăć  

þ¤{ùĈ z ¾zĊwþĈĉ  üĊLLÉwùI  Çÿ½wăć  º«ĉºć  v¾zć  ¸LLÊ£ĊÌ    ½wí¹Ā·

 
1 Xanthomonas fragariae  
2 Trichoderma 
3 Botrytis cinerea 
4 Mycosphaerella fragariae 

zĊ½wúćwăć  ñĊăwĈ tv½vĂ  āºLLÉ¸LLÊ£ ûwîùv Ăí ºývĊÌ  ¾LLÅĉÜ  é¹ ÿĊè  

ûjwă  ù øăv¾å v½Ĉºþþí $Shoaib et al., 2023#) 

ówLLLÅ ½¹wLăć ·vĊI¾  óºLùwLăć  Lĉñ¹wĊ¾ć  úÝĊè  ĂLz ½vÀzv ûvĀþÝć  

v¾z ºùj½wíć  ¸LLÊ£ĊÌ zĊ½wúćwăć  ñĊăwĈ wLLÅwþLLÉ ÿĈĉ  vÀ«vć  ñĊāw  

Ă¤å¾ñ ½v¾é ā¹wæ¤LLLÅv ¹½Āù ½¹ )ºývĂÞõwÖù  ćvûv¾òLLLÊăÿÂ~I  óºùćwă  

AlexNet  ISqueezeNet  IGoogLeNet  IResNet-50    ÿ  ÀĊý  ÿ¹

±ĒLÍv Ă¸LÆý  āºLÉSqueezeNet   v½  ćv¾z¸LÊ£ĊÌ zĊ½wúć  æLÅĊëº  

½¹Ā~ć  ï¾zwăć  ¡Ā£òý¾åĈ  ¿v ā¹wæ¤LÅv wz  ÿwLÎ£ĉ¾  RGB   ¹½Āù¿½vĉ zwĈ  

ºý¹v¹ ½v¾éw¤ý )ĉª    üĉv  óºù Ăí ¹v¹ ûwLÊý ĂÞõwÖùResNet-50   ¢é¹ wz

,,*43  ĉ¾¤Ąz ºLÍ½¹ü  ¤LÉv¹ v½ ¹¾îöúÝĂ  ¾LÅ ÿĉÜ¾£ĉü  Ç¿v¹¾~ ûwù¿  

ÀĊý    óºù Ăz èöÞ¤ùAlexNet ¹Āz¢LÅv āw¤ý )ĉª   üĊúă  ûwLÊý ÈăÿÂ~

  ĂLí ¹v¹ Lĉñ¹wĊ¾ć  úÝĊè  ùĈºLývĀ£  wL«ĉÀòĉþĈ  v¾z ºLùj½wLíć  Çÿ½ wLăć  

¤þÅĈ  w~ĉÈ  zĊ½wúćwăć  ñĊăwĈ  á ã¾Îù Èăwí Ăz ÿ ºÉwzĊ ½ÿ¾Ñ¾ć  

­½wéÈíºþí ìúí wă  $Shin et al., 2021#) 

ĂLÞõwLÖù ½¹v ć  ¹ĉ¾ò  I Lĉì   ¹Ā{Ąz Çÿ½ LĉĂL¤åw þ¤{ùĈ   ¾zYOLOv8   

ĉ$îĈ  ĂĻ LLLÆý ¿vwLăĈö{é ć  ½Āòõvĉø¤wLăć ¸LLLÊ£ĊÌ  wLĊLLLÉv i  # v¾zć  

¸LÊ£ĊÌ ï¾zwăć  ¡Ā£òý¾åĈ  Ăîõ ÿwăć  zĊ½wúć  æLÅĊëº  ½¹Ā~ć    ½¹

ï¾zwăć  ¡Ā£òý¾åĈ  Ăîõ ÿwăć  zĊ½wúć  )¢LÅv āºLÉ Ătv½v    ĈLÅ½¾z ćv¾z

Èĉwù¿j Ióºù äö¤¸ù ćvÀ«v ¾Ċ§m£ĂLæõoù ã¼³ ûvĀþÝ ¢Ĺ £ Ĉĉwăwă1 

Èĉwù¿j üĉv ªĉw¤ý )ºLÉ ÷w¬ýv  ¢{LÆý IĂ¤åwĉ¹Ā{Ąz óºù Ăí ¹v¹ ûwLÊý wă

ĂLĉwL~ ĂL¸LLLÆý ĂLz YOLOv8-seg ¹½v¹ ć¾¤Ąz ¹¾îöúÝ.  vĉü    óºLù

 LLÆê£ ¢é¹ Ăz ¢LLÆývĀ£Ċøºþzć  4-    IºLLÍ½¹ývĀ·¿wzĈ  -*30  ºLLÍ½¹  ÿ  

ĊùòýwĊü  ÔÅĀ¤ù  ¢é¹2  $mAP  #/*4+  ºÍ½¹  ¢Å¹  ĉºzw  £¾£ Ăz ĂíĊy  

ûwLÊýāºþă¹  /  I4*-   ÿ/ ºLÍ½¹  ¹Ā{Ąz  ¢{LÆý  Ăz óºù  ĉw~Ă  ¢LÅvv )ĉü  

ù Èăwí Ăz ¾¬þù wă¹Ā{ĄzĊûvÀ  ¸LÊ£ĊÌwăć    ÿ ¢LÅ½¹wý¹Ā{Ąz    ¢é¹

ûwîù ½¹ĉzwĈ  ¢Åv āºÉ ãvºăv  $Chen et al., 2025#) 

ĂLÞõwLÖù ½¹  ûÿûv¾£  $ ûv½wLîúă ÿ-+-/ I# Lĉì   ¹¾z½wLí ½vÀåv ÷¾ýć  

ÿĉāÂ    āv¾úă üæö£wLLLLÅwLþLLLÉ ¢LĄ«Ĉĉ  z ÛĀý ½wLĄ¯Ċ½wLúć  v½ĉª    ½¹

¡Ā£òý¾åĈ    ¿v ā¹wæ¤Åv wz  ìĉóºù  wz Ă¤åwĉ ĂÞÅĀ£  YOLOv8   ³v¾ÕĈ  

v ½¹ )ºLÉĉü  Ă¸LÆý IÈăÿÂ~wăć  æö¤¸ù¿v Ĉ  YOLOv8  ¿½v ¹½Āùĉ zwĈ  

  óºLù ÿ ºLþ¤å¾ñ ½v¾éYOLOv8n    wLĄþ£ û¹Āz v½v¹ wLz,,  ùĊöĊûĀ  

wz I¾¤ùv½w~¾£đĉü    wz v½ ¢é¹ùĊòýwĊü  ÔLLÅĀ¤ù  ¾zv¾z ¢é¹  4*32  ºLLÍ½¹  

½¹  Ċ¸LÊ£Ì zĊ½wúćwă  v )¹v¹ Ătv½vĉü  ā¾Ąz wz ĂýwùwLÅñĊ¾ć    Ç¿v¹¾~ ¿v

ĀLLÎ£ĉ¾    ÿĉñ¹wĊ¾ć  úÝĊIè  õĀ{é ôzwé ¹¾îöúÝ ¢LLÆývĀ£Ĉ  ¹Ā· ¿v v½    ½¹

v¾LÉĉÔ  ½Āýć  ´ù ½¹ ÿ äö¤¸ùĊÔwăć  ĂÝ½Àùvć  ÞévÿĈ    Ătv½v  ÿ ºă¹  Ăz

  ûvĀþÝùwñĈ  Ăz ¢Ą« ½¹ ¾§oùñ½wíĊ¾ć  zĊwþĈĉ  LLÉwùĊü  ½ÿwLLÊí ½¹ ¿ć  

  ºþúÉĀă¹ĀÉ Ă¤·wþÉ  $Van Tran et al., 2024#) 

5 Podosphaera aphanis 
6 Ablation Studies 
7 Mean average precision 



     Āõ½ĀúĊ£ Ĉ·¾å ÿ ć¹wă¾å                        ā½ÿ¹ *ć¿½ÿwÊí ûĀĊÅvÀĊýwîù Ăĉ¾Êý,+    ā½wúÉ.  *    ówÅ,/+/                                 ͈̾ 

 

 

ĂLÞõwLÖù ½¹ćvI  wLzć  $ ûv½wLîúă ÿ-+-/#   Lĉì óºLù  þ¤{ùĈ ¾z óºLù  

YOLO  å¾Þù v½Ĉ  ~ ¾ PLLLÅ ÷wLá¹v wLz ĂLí ºLý¹¾íĊÈzĊþĈ,    ¾z Ĉþ¤{ù

ā¾¬þ~ ¾ù½ĀæLÆý¾£vć-  Ąz ÿĊĂþ¿wLÅć    ć½wúÞù¸Ê£ ¹¾îöúÝ IĂî{LÉĊÌ  

´ù ½¹ v½ĊÔwăć  ~Ċ°Ċāº  Ăýw¸öñvć  ĂzòúLÊ¯ ½ĀÕĊ¾ć   LÊ¸z ¹Ā{ĄzĊ º  )

vĉü  ¹Ā{Ąz óºLù LĉĂL¤åw  ¤LLLÅ¹ wLz LĊzwĈ  ¹wLêù ĂLzĉ¾  ¢Lé¹  1*4-    IºLLLÍ½¹

ývĀ·¿wzĈ  1*34  ù ÿ ºÍ½¹ĊòýwĊü    ÔÅĀ¤ù ¢é¹(mAP)  ,*4-    IºÍ½¹

  Ç¿v¹¾~ ¢LÝ¾LLLÅ wLz āv¾úă/0  ¾åĉø  ýwL§ ¾z LĊIĂ  ý LĊwLă¿wć ¸LLLÊ£Ċ Ì 

 ½¹ ðý½¹ĒzĂýwùwLÅwăć  ¿½ÿwLÊíć  ù ā¹½ÿj¾z v½ ºþúLÉĀăĈºþí  )vĉü  

~Ċ¢Lå¾LLLÊwLă  ûwLLLÊý LLLÆýwL¤~ āºLþă¹ LĊô  đwLzć   Lĉñ¹wĊ¾ć  úÝĊè    ½¹

¿wLLÅ½wí¹Ā·ć  j¾åĉwăºþć  ¿½ÿwLLÊíć  ´ù ½¹ĊÔwăć  Ăýw¸öñvć  ¢LLÅv  

$Bai et al., 2024#) 

ć½wúĊz ĈĉwÅwþÉ ¢Ċúăv Ăz Ă«Ā£ wzĂþĉÀă ÿ Ĉòý¾å ¡Ā£ ćwă  ÿ ¾z

ûwLù¿Çÿ½ û¹Āz ¾zĈ¤þLLLÅ ćwLă  IĂLþĊù¿ üĉv ½¹    Ç¾¤LLLÆñ ĂLz ¿wLĊý

Çÿ½  ćwăĂýv½ÿwþå  ĈĉwLLLÅwþLLLÉ  ć½wúĊzÿ Iwă  Çÿ½ Ëw· ½ĀÕ Ăz  ćwă

 Ĉþ¤{ùā¿Ā³ üĉv ½¹ ĈÝĀþLLÎù ÇĀă ¾z  Ĉù ÃwLLÆ³v¹ĀLLÉ  )  ÈăÿÂ~

  ¾LÑw³  ½¹¿v ü¤LÅwí ćw¤LÅv½  ãwîLÉ  ¹Ā«Āù  Çÿ½ üĊz  ÿ Ĉ¤þLÅ ćwă

Çÿ½  üĉv ½¹ )¢LÅv āºLÉ ÷w¬ýv üĉĀý ćwăÈăÿÂ~    ¿vóºù  YOLO  Ăz I

 LLÉÿ½ ûvĀþÝĈ  ~ĊĂ¤å¾LLÊ  ¸LLÊ£ ½¹ĊÌ   LLÉvĊIiw  āv¾úă  Ąz wzć¿wLLÆ    ½¹

½wLúÞùć j¾å ÿ ĂLî{LLLÉĉºLþ v¾z IÇ¿Āùjć  wLLLÅwLþLLLÉĈĉ ¿v ÛĀý ¢Læă  

zĊ½wúćwăć  ¡Ā£òý¾åĈ  āwĊñ ¿v ĈzwLLÆ¤ív ¾ĉÿwLLÎ£ ÃwLLÅv ¾z    ā¹wæ¤LLÅv

)¢LÅv āºLÉ  ½¹ ÛĀú¬ù    óºù ÔLÅĀ£ vÀ¬ù Ĉ£wÞõwÖù ãºă Ă¤LÅ¹ ¢æă

ºþ¤å¾ñ ½v¾é Ĉzwĉ¿½v ¹½Āù ĈĉwĄý   ìĉ ôùwLLLÉ ĂíĂ¤LLLÅ¹    ÿ āĀĊù  ï¾z

  ÿ øõwLLÅÈLLÉ  Ă¤LLÅ¹  ć½wúĊz  ãºă )ºý¹Āz  ¸LLÊ£ óºùĊÌ  é¹Ċè  

ýĀúýĂwăć  v¾z Ăí I¢LÅv ā¹Āõj ÿ øõwLÅć  ºùĉ¾ĉ¢  Ăzz ÜéĀùĊ½wúćwă    ÿ

vÀåvĉÈ  ā¾Ąz½ÿć    óĀÎ´ùºÉ ºăvĀ· Ă¤å¾ñ ½wí Ăz) 

v ½¹ĉü  ê´£ĊIè Çÿ½ ±¾LLLÉ Ăz vº¤zvwăć  Ăz  ½¹ āºLLLÉ Ă¤å¾ñ ½wí

ăvĀ· ÈăÿÂ~ ÷wL¬ývĊø  ā¹wLùj ÿ xwĻ ¤ýv ôLùwLLLÉ ĂLí ¢L·v¹¾~ ¿wLLLÅ ć  

ā¹v¹ ĂÝĀú¬ùwăć  j¾å Ăöú« ¿v Iā¹wæ¤LLÅv ¹½Āùĉºþ  ~ĊÈÇ¿v¾z  ā¹v¹  wă

ùĈºLLÉwzv¾z yLLÅwþù óºù xw¸¤ýv Ăz IÄ LLÅ )ć  ¸LLÊ£ĊÌ   LLÉvĊ iw  

tÀ« ÿ ĂL¤·v¹¾~ LĊ¡w    ½wL¤·wLLLÅ ĂLz ÓĀz¾ùIóºLù  wLă¾¤ùv½wL~ć  Úþ£ĊúĈ   ÿ

¾LLÊ£ óºù Ç¿Āùj āĀ´ýĉ² w¤ý IĂùv¹v ½¹ )ºLLÉ ºăvĀ·ĉª   ¿v ôLLÍw³

ÿ½ óºLù Ç¿Āùjć ā¹v¹ ĂLÝĀú¬ùÞù ÿ āºLLLÉ ĂLtv½v wLă LĊwLă½wć ¿½v LĉzwĈ  

 LÅwLÆ³ I¢é¹ ôùwLÉ óºù ¹¾îöúÝĊI¢  wLÅ ÿĉ¾  Ì·wLÉwăć    ĂÕĀz¾ù

ö´£Ċô Å½¾z ÿĈ  wĄý ½¹ )ºÉ ºþăvĀ·ĉI¢  ĉĂ¤åwwăć  Ăz  ¹½Āù āºùj ¢Å¹

  ¦´z½v¾é  ~ ÿ Ă¤å¾ñĊ¡v¹wĄþÊ  øÊ¯ ÿwă¿vºývć  ÈăÿÂ~wăć  £jĈ  zĊûw  

)ºÉ ºăvĀ· 

-̹  wă Çÿ½ ÿ ¹vĀù 

̸-̹- ā¹v¹ ĂÝĀú¬ù~ ÿ wăĊÈ Ç¿v¹¾~ 

 
1 Prediction Head 

ā¹v¹ ĂÝĀú¬ùwăć    ôùwLÉ ā¹wæ¤LÅv ¹½Āù-4+-  ĀLÎ£ĉ¾  ï¾z ¿v  ÿ wă

ùĊāĀwLăć  ¡Ā£òý¾åĈ  wL~ ¿v ĂLí ¹ĀzĉāwLò    ā¹v¹Roboflow  Üú« ½ÿjć  

)ºLLLÉ  vĉü  wL~ĉāwLò    ā¹v¹ Lĉì  ¢L·wLLLÅ¾ĉ¿  Ô·¾z  v¾zć  ºLùĉ¾ Lĉ¢    ÿ

yLLLÆ¯¾z½v¼ñć  ā¹v¹wăć  ĀLLLÎ£ĉ¾ć    ½¹ ā¹wæ¤LLLÅv ûwîùv Ăí ¢LLLÅv

āÁÿ¾~wăć  ĉñ¹wĊ¾ć  úÝĊè  z ÿĊwþĈĉ   LÉwùĊü  ù øăv¾å v½Ĉºþí    ôùwLÉ ÿ

ĂLÝĀú¬ùwLăć  ÝĀþ¤ùĈ  ā¿Ā³ ½¹wLăć  )¢LLLÅv äö¤¸ù  ĂLÝĀú¬ù  ā¹v¹    ĂLz

È¸z ĂLLÅ  ¢{LLÆý wzā¹v¹ ôí ¿v äö¤¸ù ćwăôùwLLÉ wă  $ Ç¿Āùj2+  

ºLÍ½¹¬þLÅ½w{¤Ýv I#Ĉ  $-+  ºLÍ½¹$ ûĀù¿j ÿ #,+  ºLÍ½¹ LÆê£ #Ċø  ºLÉ)  

ËĀLLLÎ· ½¹ ¾¤LLLÊĊz ¡wĊtÀ«    ĂÝĀú¬ùā¹v¹  ½¹ ā¹wæ¤LLLÅv ¹½Āù ćwă

óºùć¿wÅ    ½¹  óÿº«,  )¢Åv āºÉ Ătv½v 

ùwú£Ĉ  ÿwLÎ£ĉ¾    ¹wÞzv ½¹1/+=1/+  ~ĊôLÆî  Úþ£Ċø  ºLÉºý  j¾å ÿĉºþ  

yLÆ¯¾z½v¼ñć  wă¹½vºýw¤LÅv wz èzwÖùć  YOLO ÷w¬ýv  ¢å¾ĉ¼~  )¢æă  

Ă¤LÅ¹  zĊ½wúć    ôùwLÉĈñ¾z Ăîõ ÿv¿ĉĂ½v¹ LÅĀ~ IĊñºĈ  ¿Āþív¾¤ýj   āĀĊù  I

Ĉò¤·ĀLÅ  ¾¤LÆíw· ì í IĂåĀîLÉćñ¾z Ăîõ IĈæLÅ IĊëº  ½¹Ā~ć  ùĊāĀ  

ÿ    ï¾zøõwLLÅ āĀĊù ÿ ï¾z Ăz ÓĀz¾ù Ă¤LLÅ¹ āÿĒÝ Ăz  v ½¹ĉü    ĂÝĀú¬ù

  ×w´õ ā¹v¹āºÉºýv  $ 

 

 

  ôîLÉ,#)    IÜ«¾ù ā¹v¹ āwòĉw~ ÔLÅĀ£ āºLÉ Ătv½v ¡wÝĒÕv è{Õ ¾z

Ĉùwú£  ā¹v¹ćwă  ¹½Āù  ā¹wæ¤LLLÅv  ¿v  Üzwþù  ĈùĀúÝ  Üú«ć½ÿj  āºLLLÉ  ÿ  

ćv½v¹  ¿Ā¬ù  yÅwþù  ā¹Āz)ºýv 

 óÿº«,( Ă¤Å¹ ĈñÂĉÿ ÿ ãvºăv ćºþzĂÝĀú¬ù ā¹v¹ ćwă  ¹½Āù

 ÿ Ĉ¬þÅ½w{¤Ýv IÇ¿Āùj ½¹ āºÉ ā¹wæ¤ÅvûĀù¿j  óºù 
Table 1. Classification of targets and characteristics of the 

datasets used in the model training, validation, and 

testing 

2 Swin Transformer 

 ā¹v¹ ¹vºÞ£ 
Data count 

Ă¤Å¹ 

Class 
ûĀù¿j 

Test 
 Ĉ¬þÅ½w{¤Ýv 

Validation 
Ç¿Āùj 

Training 
44 92 300 ÿv¿ Ĉñ¾z ĂîõĉĂ½v¹ 

Angular Leaf Spot 
16 26 65 ÅĀ~ĊñºĈ ¿Āþív¾¤ýj āĀĊù 

Anthracnose Fruit Rot 
24 42 142 Ĉò¤·ĀÅ  ĂåĀîÉ 

Blossom Blight 
42 83 352 ¾¤Æíw· ì íć 

Gray Mold 
42 87 302 ù ÿ ï¾zĊ āĀ øõwÅ 

Healthy Leaves & Fruits 
68 114 393 ñ¾z Ăîõ Ĉ 

Leaf Spot 
17 29 89 æÅĊëº ½¹Ā~ć ùĊāĀ 

Powdery Mildew Fruit 
58 108 367 æÅĊëº ½¹Ā~ć ï¾z 

Powdery Mildew Leaf 
311 581 2010 ÛĀú¬ù 

Total 



,/                                                                                                        z Çÿ½ ¹¾z½wíĊwþĈĉ  ÉwùĊü  ÌĊ¸Ê£ ½¹   ć½wúĊz)))ćwă   

 

 

 

 

 

 ôîÉ,(  ĂýĀúý ¡Ā£ ¾ĉÿwÎ£Ĉòý¾å½wúĊz ÿ øõwÅ ćwă:  #äõv$  Ăîõ

Ĉñ¾z ÿv¿ĉĂ½v¹J  ĈñºĊÅĀ~ #x$āĀĊù ¿Āþív¾¤ýjJ $| #Ĉò¤·ĀÅ  

$ JĂåĀîÉ¡Jć¾¤Æíw· ì í # $¥JøõwÅ āĀĊù # $©# JøõwÅ ï¾z $­  #

Ĉñ¾z ĂîõJ  #±$ć½¹Ā~ ëºĊæÅ  JāĀĊù $µ #ć½¹Ā~ ëºĊæÅ  ï¾z 
Fig 1. Sample images of healthy and infected strawberry 

plants: (a) Angular leaf spotΤ (b) Anthracnose fruit 

rotΤ(c) Blossom blightΤ (d) Gray moldΤ (e) Healthy fruit Τ 
(f) Healthy leafΤ (g) Leaf spotΤ (h) Powdery mildew (fruit)Τ 

(i) Powdery mildew (leaf) ) 

̹-̹-  óºù Ç¿Āùj 

óºù  1YOLO  ĉîĈ  Çÿ½ ¿vwăć  ~ĊĂ¤å¾LLLÊ    ā¿Ā³ ½¹ ¹¾z½wí¾~ ÿ

¸LÊ£ĊÌ  LÉvĊ iw    ¿v ā¹wæ¤LÅv wz Ăí ¢LÅvĉì  {LÎÝ Ăî{LÉĈ    ôí Iº³vÿ

ĀÎ£ĉ¾    ½¹ wĄþ£ v½ĉì  Ăö³¾ù-  ÞéĀù ÿ ā¹¾í Ç¿v¹¾~Ċ¢  Év ÃĒí ÿĊ iw  

ĂLLz v½øă ¡½ĀLLLÍ L~ ûwLLù¿ LĊÈ Lz LĊ LþĈ   LùĈºLLþí  )v Lĉü  ÿ½ Lĉ¹¾î    ãĒ·¾z

½Āòõvĉø¤wLăć  ĂLö³¾ùºLþ¯vć    ºLþýwLùR-CNNvÀåv ĂLz ¾¬þù I ĉÈ  

òúLÊ¯Ċ¾  ù Ç¿v¹¾~ ¢Ý¾LÅĈ¹ĀLÉ  v¾z v½ ûj ÿć  wă¹¾z½wíć  zðý½¹Ē.  

 LÆzĊ½w  ù yLÅwþùĈ¹¿wLÅ)    óºùYOLO11-Large (YOLO11L)    wz

û¿ÿ ¿v ā¹wæ¤LLÅvwăć  ~ ¿vĊÈÇ¿ĀùjĉĂ¤åw    ÿãºă  ¸LLÊ£ĊÌ    iwĊLLÉv

)ºÉ ā¹v¹ Ç¿Āùj 

wLăĉwLă¾¤ùv½wL~¾   ³ Èêý LĊ£wĈ wLĄý ¹¾îöúÝ ½¹Ĉĉ  óºLùwLăć   Lĉñ¹wĊ ¾ć  

úÝĊè  vĉwæ  ùĈºþþíwă¾¤ùv½w~ )Ĉĉ    µ¾ý ºþýwùĉñ¹wĊ¾ćI  Ă¤Å¹ ā¿vºýv wăć  

 LLLÉ¿ĀùjĈI ā½ÿ¹ ¹vºLÞ£wLăć   ÈăwLí µ¾ý IÇ¿Āùj Lĉñ¹wĊ¾ć  wLLLÅ ÿ ĉ¾  

 
1 You Only Look Once 
2 Single forward pass 
3 Real-time 

Úþ£Ċ¡wLú vÀåv ĂLz ÓĀz¾ùĉÈ  ê¤LLLÆù Iā¹v¹ĊMwLú v¾òúă ¢LÝ¾LLLÅ ¾z ĈĉI  

ñĀö«Ċ¾ć  z ¿vĊÈIÇ¿v¾z wLývĀ£ ÿĈĉ  úÞ£Ċø  ā¹v¹ ĂLz óºLùwLăć  ºL« Lĉº  

§m£Ċ½v¼ñ¾  Úþ£ )ºþ¤LLÆăĊø áĊĄz¾ĊĂþ  vĉü    ¾¬þù ¢LLÅv üîúù wă¾¤ùv½w~

  Ìéwý Ç¿Āùj Ăzĉw  w~wý ¹¾îöúÝĉ½vº  )¹¹¾ñ óºù   

v ½¹ĉü  ĂLLz ĂLLÞõwLLÖùÚþ£ ½ĀÚþùĊø  ĄzĊĂLLþ  wLLă¾¤ùv½wLL~ć    óºLLù

YOLO11-Large  Ăýw¸zw¤í ¿vć  Optuna    )ºLLÉ ā¹wæ¤LLÅvOptuna  

ĉì  Ąz xĀ¯½w¯ĊĂþ¿wÅć  ½wí¹Ā·/  þ¤{ùĈ ½Āòõv ¾zĉø¤wăć   Ā¬¤Æ«ć  

v¾z Ăí ¢LLLÅv ºþúLLLÉĀăć  ĄzĊĂþ¿wLLLÅć  wăĉwă¾¤ùv½w~¾  ć  óºù wăć  

ĉñ¹wĊ¾ć   LÉwùĊü  ³v¾ÕĈ  āºLÉ  v )¢LÅvĉü  ½Āòõvĉø¤   Ā¬¤LÆ« Çÿ½ ¿vć  

£¾£Ċ{Ĉ  þ¤{ùĈ  z ¾zĊÀć0  ù ā¾ĄzĈ¹¾z  wL¤ý ¿v ā¹wLæ¤LLLÅv wLz Iûj ½¹ ÿĉª  

wLLù¿jĉÈwLLăć  ö{éĈI  ¹wLLêùĉ¾  ĄzĊĂLLþ¾£ć  v¾zć  wLLă¾¤ùv½wLL~ć   ºLLÞzć  

~ĊÈzĊþĈ  ùĈ¹ĀÉ) 

½¹  j¾åĉºþ  ĄzĊĂþ¿wLLÅćI  Optuna    ¿v ā¹wæ¤LLÅv wzĉì    Iãºă Üzw£

v¾z v½ óºùć  ĂÝĀú¬ùvć  ¹wêù ¿vĉ¾  å¹wÎ£Ĉ¿wÅćāºÉ ć  wăĉwă¾¤ùv½w~¾   

¿½v v½ ûj ¹¾îöúÝ ÿ ā¹v¹ Ç¿ĀùjĉzwĈ  ùĈºþíÞù ÃwLÅv ¾z Ä LÅ )Ċ½w  

¾Þ£ĉäāºLÉ  v ½¹$ĉw¬þ  ôévº³¿wLÅć  ¾¤Ąz I#wÖ·ĉü  í¾£Ċy   v½ wă¾¤ùv½w~

ù xwĻ ¤ývĈºLþív )ĉü ÿ½ĉI¹¾î  ĂLýĂLå¾LLLÍ yL«Āù wLĄþ£Ā«Ĉĉ    ÿ ûwLù¿ ½¹

£wL{LLLÅwĹ ù ÜzwLþùĈ ùĈI¹ĀLLLÉ   ûwLîùv ĂLîöz Lĉü¤åw  ~ĊºLþz¾îćwLăĈĉ    wLz

Úþ£ Ăz ¢{Æý ¾£đwz ¹¾îöúÝĊ¡wú  ¤Å¹Ĉ  ý v½ĊÀ  ù øăv¾åĈ¹¿wÅ) 

½vºêù  õÿvĊĂ    µ¾ýĉñ¹wĊ¾ć  ++021*+  Ăz  ÔLLLÅĀ£ ½wí¹Ā· ¡½ĀLLLÍ

½Āòõvĉø¤  ĄzĊĂþ¿wLLÅć  Optuna    µ¾ý IÇ¿Āùj óĀÕ ½¹ )ºLLÉ xw¸¤ýv

 Lĉñ¹wĊ¾ć  ĂLz½ºL£ĉª    ÈăwLí Lĉ¢Låw  wL~ ½¹ ÿ Lĉûw  j¾åĉºLþ  ½vºLêù ĂLz Ç¿Āùj  

4 AutoML 
5 Bayesian Optimization 

 ā¹v¹ ¹vºÞ£ 
Data count 

Ă¤Å¹ 

Class 
ûĀù¿j 

Test 
 Ĉ¬þÅ½w{¤Ýv 

Validation 
Ç¿Āùj 

Training 
44 92 300 ÿv¿ Ĉñ¾z ĂîõĉĂ½v¹ 

Angular Leaf Spot 
16 26 65 ÅĀ~ĊñºĈ ¿Āþív¾¤ýj āĀĊù 

Anthracnose Fruit Rot 
24 42 142 Ĉò¤·ĀÅ  ĂåĀîÉ 

Blossom Blight 
42 83 352 ¾¤Æíw· ì íć 

Gray Mold 
42 87 302 ù ÿ ï¾zĊ āĀ øõwÅ 

Healthy Leaves & Fruits 
68 114 393 ñ¾z Ăîõ Ĉ 

Leaf Spot 
17 29 89 æÅĊëº ½¹Ā~ć ùĊāĀ 

Powdery Mildew Fruit 
58 108 367 æÅĊëº ½¹Ā~ć ï¾z 

Powdery Mildew Leaf 
311 581 2010 ÛĀú¬ù 

Total 



     Āõ½ĀúĊ£ Ĉ·¾å ÿ ć¹wă¾å                        ā½ÿ¹ *ć¿½ÿwÊí ûĀĊÅvÀĊýwîù Ăĉ¾Êý,+    ā½wúÉ.  *    ówÅ,/+/                                 ͈̀ 

 

 

++++344-/*+   LLÅ½Ċºj¾å )ĉºþ    Ç¿Āùj½¹  -++  ā½ÿ¹,  Ăz wzñ½wíĊ ¾ć  

½wí ÿ ¿wLÅ  ÷wòþă¹ÿ¿ äéĀ£-$ĂzwþÞùć  äéĀ¤ù¿wLÅć  £½ĀÍ ½¹ Ç¿ĀùjĈ  

ā¹v¹ ¾z óºLù ¹¾îöúÝ ĂLíwLăć  ¬þLLLÅ½wL{¤ÝvĈ  v¾zć   õvĀ¤ù ā½ÿ¹ ºLþ¯Ĉ  

ý ¹Ā{Ąz LĊºLzw)#  v¾zć  ö«ñĀĊ¾ć  z ¿vĊÈÇ¿v¾z    ā¿vºLýv )ºLLLLÉ ÷wL¬ýv

Ă¤LLÅ¹wăć   LLÉ¿ĀùjĈ.    wz ¾zv¾z½wĄ¯  Þ£ĊĊü  ¹¾ñĉº  wLLÅ ÿĉ¾  Úþ£Ċ¡wú  

vÀåv ºþýwùĉÈ  ā¹v¹/  å¹wLÎ£ È·¾¯ ôùwLÉĈI â£ĊĊ¾  êùĊIÃw   òýÿ½vÿĈ  

êåvĈ  ¹ĀúÝ ÿćI  å¹wLLÎ£ Ç¾zĈ  í¾£ ÿĊy  ÿwLLÎ£ĉ¾  ýĊÀ    ¹Ā{Ąz ½ĀÚþù Ăz

úÞ£Ċø¼~ĉ¾ć  )ºÉ ówúÝv óºù 

v ¿v ā¹wæ¤LLÅvĉü  þî£Ċìwăć  vÀåvĉÈ  ÿ Ăz Iā¹v¹ĉāÂ  ¹½vĀù ½¹ć    Ăí

ā¹v¹ ø¬³wLăć   LLLÉ¿ĀùjĈ    ¿v I¢LLLÅv ¹ÿºĹ ù Lĉñ¹wĊ¾ć  ÿĉñÂĈ wLăć  

ñĀö« ÓĀz¾ùwýĊ¾ć  ù ¦Ýwz ÿ ā¹¾íĈ¹ĀLÉ  ÿ ¾z óºùĉñÂĈwăć   LÅwLÅvĈ  

â£ ÿĊĊ¼L~wLý¾ĉ¾  wLĊLLLÉv i  v¾z )ºLþí Àí¾ú£ ¾Úý ¹½Āùć    È·¾¯ IówL¨ù

å¹wLÎ£Ĉ ù óºù ĂzĈ¹¿Āùj    ¢Ą« ĂíwĊLÉvw{ý iĉº  ¸LÊ£ ¾zĊÌ §m£ ûjĊ ¾ 

õwL³ ½¹ I¹½v¼LòzĈ  â£ ĂLíĊĊ¾  êù LĊÃw   ā¿vºLýv ĂLz ¢L{LLLÆý v½ óºLù wLăć  

  äö¤¸ùwĊÉv i  ù ÷ÿwêùĈ¹¿wÅ) 

 ôîÉ-(  ªĉw¤ýö´£Ċô ½wùjć ÿwÎ£ Üùw«ĉ¾ yÆ¯¾z  ½¹ ā¹½Ā·

ĂÝĀú¬ù ā¹v¹ćwă  Ç¿Āùj 
Fig 2. Results of comprehensive statistical analysis on 

labeled images in training dataset 

ā¹v¹ ÈĉvÀåv ÷wL¬ýv ¿v Ä~IwLă    ôLĊö´£½wLùjĈÞùwL« ć    ćÿ½ ¾z

ý½v¹ ½v¾é ¾ĉÿ ¾ĉÿwLLÎ£yLLÆ¯¾{  )ºLLÉ ÷w¬ýv Ç¿Āùj ĂÝĀú¬ù ½¹ ā¹½Ā·

  ½¹ ôĊö´£ üĉv ªĉw¤ý  ôîÉ-    )¢Åv āºÉ Ătv½v  ôîÉ-(äõv  Ĉñºþív¾~ I

  ĈýwLîùĂL{Þ«āºLþþí ¹ÿºĹ ù ćwLă0 Ĉù ÈĉwLúý v½ýwLLLÊý ĂLí ºLă¹  ûj ¾ò

Ăí ¢LÅv   Ĉ³vĀý ¾¤LÊĊz ¾Ċ§m£ ¢´£wLÎ£ Àí¾ù ½¹ ć½wúĊz)¹    ôîLÉ-(

xĂýĀúý Ĉývÿv¾å Üĉ¿Ā£ I  ¾ă ½¹ wăĂ¤LLÅ¹ Ĉù ûwLLÊý v½  ¾òýwĊz Ăí ºă¹

ā¹v¹ ĂÝĀú¬ù û¹Āz û¿vĀ¤ùwýwă  Ă¤LLLÅ¹ ¿v Ĉ·¾z ¾¤LLLÊĊz Ĉývÿv¾å ÿ  wă

  ÿ Ĉñ¾z Ăîõ ºþýwùć½¹Ā~ ëºĊæLÅ  £½v¾³ ĂLÊêý )¢LÅv ï¾zĈ    ôîLÉ

-(  |¿Ā£ĉÜ ³wLý ÛwLæ£½v ÿ Ï¾Ý LĊĂwLă  ù ûwLLLÊý v½ĈºLă¹)   ĂLí ĈõwL³ ½¹

  Ĉ£½v¾³ ĂLÊêý  ôîLÉ-(¡ĂĊ³wý Àív¾ù ¡wLÎ¤¸ù Ĉõwò¯ Iwă  $ xÿy   #

Ĉù ûwLLÊý v½ôĊö´£ üĉv )ºă¹ĈñÂĉÿ ¿v ć¾¤Ąz ë½¹ wă  ÿ ĈĉwLLÒå ćwă

Ă¤LÅ¹ā¹v¹ ćv  wă  v½Ĉù øăv¾åĈù ÿ ºþþíĂþĊĄz ½¹ ºþývĀ£  Ĉ³v¾Õ ć¿wLÅ

ºý¾Ċñ ½v¾é ā¹wæ¤Åv ¹½Āù óºù Ç¿Āùj ÿ) 

̺-̹- ĄzĊĂþ¿wÅć Úþ£ ÿĊ¡wú óºù 

v¾zć ¹Ā{Ąz  ºLþ¯ IóºLù ¢Lé¹ĉü  þî£ LĊì  ĄzĊĂLþ¿wLLLÅć  Úþ£ ÿĊø  

¸LLLÊ£ È¸z ½¹ IvºL¤zv )ºLLLÉ ĂL¤å¾ñ ½wLí ĂLz wLă¾¤ùv½wL~ĊÌ  ĂL{Þ« wLăć  

¿ Üzw£ ¿v Iāºþþí¹ÿº´ùĉûw  Smooth L1 Loss    Ăí ºLLLÉ ā¹wæ¤LLLÅv

Àù Lĉ¢  í¾£ ûj LĊy ÿĉñÂĈwLăć    ÜzvĀ£L1  ÿL2  v J¢LLLÅvĉü    ¦LÝwLz ÜzwL£

 
1 Epoch 
2 Early Stopping 
3 Batch size 
4 Data augmentation 
5 Bounding Boxes 

ùĈ¹ĀLLÉ  wêù ½¹ óºù Ăíôz  wăwÖ·ć  ÷ÿwêù ï½ÀzÝ ½¹ ÿ ºLLÉwz ¾£Ċü  

¹Ā{Ąz ówL³wLăć  tÀ«Ĉ  ÷¾ý ¡½ĀLLLÍ ĂLz v½v )ºLþí ówLúÝv ¾£ĉü    ĂLz ¾ùv

ĄzĊĂþ¾£  ~ ûºÉĊÈzĊþĈ  é¹ ô´ùĊè  ÉvĊ iw  ù ìúíĈºþí) 

  ¿v ĀLLLÅć  ¹ĉI¾ò  v¾zć  ĂLê{Õ È¸z ½¹ óºLù ¹¾îöúÝ ¹Ā{Ąz ºLþzć  

ĂL¤LLLÅ¹¿ Üzw£ Iwă Lĉûw  Àí¾ú¤ù1  v )ºLLLÉ ĂL¤å¾ñ ½wí Ăzĉü    Àí¾ú£ wz Üzw£

zĊ¾¤LLÊ  ÿ½ć  ĂýĀúýwăć  øí ÿ ½vĀLLÉ¹wúýĉÈ2  ĂýĀúý û¿ÿ Èăwí ÿ wăć  

ù ¦Ýwz IûwLLÅjĈ¹ĀLLÉ  Ă¤LLÅ¹ ºývĀ¤z ¾¤Ąz óºùwăć    ½¹wýĉw    ½vĀLLÉ¹

¸LLÊ£ĊÌ   v½ āºLLÉ ā¹v¹ĉ¹w  òzĊ¹¾  ā¹v¹ ó¹wÞ£ ÷ºÝ ¿v ÿñĀö« wă Ċ ¾ć  

)ºþí   

 LþL°Lúă LĊIü  v¾zć   LÚLþ£ LĊø   LĄz LĊĂLLþ    µ¾ý LLĉ Lñ¹wĊ¾ć  Õ ½¹Ĉ  v¾åĉºLLþ  

¿wLÅ IÇ¿Āùj   LÆí Èăwí ½wíÿĊ LÅĀþĈ3  v )ºLÉ Ă¤å¾ñ ½wí Ăzĉü    Çÿ½

ĂLzĀ~ ½ĀÕ Lĉw  µ¾ý Lĉñ¹wĊ¾ć ù ÈăwLí v½ĈºLă¹ ù ā¿wL«v óºLù ĂLz ÿĈºLă¹  

½º£ Ăz w£ĉª  Ąz ÓwLêý ¢LúLLLÅ ĂzĊĂþ¾£ wLLLÒåć    IºLþí ¢í¾³ wă¾¤ùv½w~

v ûÿºzĉĂîþ  ¤å¾ñ½w  úíĊĂþwăć  ö´ùĈ  )¹ĀÉ 

ówÞå¿wLLÅć  ýwîùĊ÷À  è{Öþù ÈLLÉĀ~4  Úþ£ ÿĊø wă¾¤ùv½w~ć    Iûj

Þ£ ºLþýwLùĊĊü   ¾zv¾z ÈLLLÉĀ~ ā¿vºLývwLz  ½wLĄ¯ĂLí  ûwLLLÊýù āºLþă¹ĊûvÀ  

³wý Ç¾¤LLÆñĊĂ  ýwLLÉĀ úăĈ  ĉw  LLÅwLLÆ³Ċ¢  ¹Àý ĂzĉîĈ  Ă{Þ« wăć  

îæ£ ½¹ óºù ¢é¹ ºLLÉ ¦Ýwz I¢LLÅv āºþþí¹ÿº´ùĊì  ³vĀýĈ    ¿v ā¹Āõj

 LLÅĀLLÆ´ù ½ĀÕ Ăz øõwLLÅ èÕwþùĈ    ¹Ā{Ązĉºzwv )ĉýwîù üĊ÷À  v wzĉ¹w¬  

 LÅºþă Ów{£½vĈ  é¹Ċè¾£  zĊü  Ă{Þ«wăć  ~ āºþþí¹ÿº´ùĊÈzĊþĈ   āºLÉ

ĂL{Þ« ÿwăć  Þévÿ LĊI¢  wăwLÖ· Èăwí ÿ ¾¤Ąz èzwLÖ£ ûwLîùvć   LLLÉwýĈ    ¿v

ÞéĀù ãĒ¤·v LĊ¢  ĂL{Þ« ā¿vºLýv ÿù øăv¾å v½ wLăĈºLþí  ¤ý ½¹ ÿĊĂL¬    óºLù

wývĀ£Ĉĉ  ¾£đwzć  wÅwþÉ ½¹Ĉĉ  é¹Ċè  ³vĀýĈ  ~ ãºăĊvº  ùĈºþí) 

6 Focal Loss 
7 hard examples 
8 Cosine Annealing 
9 Aligned Intersection over Union – Aligned IoU 



,/                                                                                                        z Çÿ½ ¹¾z½wíĊwþĈĉ  ÉwùĊü  ÌĊ¸Ê£ ½¹   ć½wúĊz)))ćwă   

 

 

 

½¹  wLĄý LĉI¢  vÀåv ½ĀÚþù ĂLzĉÈ  úÞ£Ċø¼L~ĉ¾ć  ñĀö« ÿ óºLùĊ¾ć   ¿v

zĊÈIÇ¿v¾z  þî£Ċì  å¹wLLLÎ£ ã¼³Ĉ, È¸z ½¹wăć    Ăî{LLLÉ äö¤¸ù

{LÎÝĈ  v )ºÉ ówúÝvĉü  á wz Çÿ½ĊówÞå¾¿wÅć  å¹wÎ£Ĉ ·¾zĈ  ûÿ½Āý  wă

ù ½Ā{¬ù v½ óºù IÇ¿Āùj Ăö³¾ù ¾ă ½¹Ĉºþí  ò¤LLÆzvÿ w£Ĉ  ¾¤úíć    Ăz

·¾zĈ  ÿĉñÂĈwLă  ~ LĊvº  ¤ý ½¹ ÿ ºLþíĊĂL¬  ¾¤Ąz ¹¾îöúÝć ÿ½ć  ā¹v¹ wLăć  

)ºÉwz Ă¤Év¹ Ă¤·wþÉwý 

͈-̹- ½wúÞùć ´ù ÿ óºùĊÔ  v¾«v 

v ½¹ĉü  ĂLz IÈăÿÂ~wLLLLÅwLþLLLÉ ½ĀÚþùĈĉ  ĂLê{Õ ÿºLþzć    ÛvĀýv

zĊ½wLúćwLăć  ñ LĊāw  ¡Ā£òý¾åĈI    óºLù ¿v Lĉñ¹wĊ¾ć  úÝĊè  þ¤{ùĈ  ¾z  

  ø¤ĉ½ĀòõvYOLO11-Large (YOLO11L)  v¾å )ºLLÉ ā¹wæ¤LLÅvĉºþ  

~Ċā¹w¿wLÅć  ö´£ ÿĊô ā¹v¹Ăùwý¾z ûwz¿ ¿v ā¹wæ¤LÅv wz wăĀýĉ LÆĈ  Python  

  ĂL¸LLLÆý.),+),,  ĂLýwL¸zwL¤í ÿwLăć  PyTorch 2.6.0  IOpenCV 

4.11.0    ÿUltralytics 8.3.92  ÿ½ ¾z óºù )¢å¾ñ ¡½ĀLLLÍć    ¡½wí

åv¾ñ LLĊì  NVIDIA GeForce RTX 4050 Laptop GPU    wLLz

1,/+  wzwòùĉ¢  åv¾ñ ĂÚåw³ĊîĈ  )ºLLÉ v¾«v  wĄý óºùĈĉ    ôùwLLÉ,4+  

đĉĂ ¾ê£ ÿĉMw{  24++++  z Ăí ¢LÅv Ç¿Āùj ôzwé ¾¤ùv½w~Ċü    È¸z ĂLÅ

öLLÍvĈ    ¹ÿº³ Ăî{LLÉ/3++++    ©v¾¸¤LLÅv$ ¡v¾êå ûĀ¤LLÅ ½¹ ¾¤ùv½w~

ÿĉñÂĈ  I#-30+++  ú¬£$ û¹¾ñ ½¹ĊÜ  ÿĉñÂĈ  ÿ #-0+++    ¾LLLÅ ½¹

«ÿ¾·$Ĉ  ¸LLÊ£ĊÌ# ¿Ā£ĉÜ  āºLLÉºýv  ÿ J£w{LLÅw´ù ûvĀ£Ĉ    ó¹wÞù1*31  

ñĊÈ~Ēåwò-  )¢LLÅv½v¹ v½  ¾zv¾z óºù Ç¿v¹¾~ ¢Ý¾LLÅ  0*+ ĈöĊù  ĂĊýw§

ÈĊ~ ćv¾z  IÇ¿v¹¾~1*-.  ĈöĊù  ÿ I©w¤þ¤LLÅv ćv¾z ĂĊýw§.*-  ĈöĊù  ĂĊýw§

Ä~ ćv¾zā¿vºýv ¾ĉĀÎ£ ¾ă ćv¿v Ăz Ç¿v¹¾~ºÉ ć¾Ċñ. 

͉-̹- ÞùĊwă½wć ¿½vĉzw Ĉ  óºù 

v¾zć ¿½v LĉzwĈ  Ì·wLLLÉ ¿v IóºLù ¹¾îöúÝwLăć ývĀ·¿wLz I¢Lé¹Ĉ   ÿ

ùĊòýwĊü  )ºLÉ ā¹wæ¤LÅv ÔLÅĀ¤ù ¢é¹  ¢é¹  ù ûwLÊýĈºă¹  ù ¿vĊûw    ÷wú£

~ĊÈzĊþĈwLăć  ¤{LLLÆý ĂL̄  IóºLù ¢L{¨ùĈ ´LLLÍ MwLÞévÿĊ²  ā¹Āzv )ºLývĉü  

ÞùĊ½w  ĂzÿĉāÂ  wÖ· Èăwí ½¹ć  ¸LÊ£$ óÿv ÛĀýĊÌ    øõwLÅ ĂýĀúý āw{¤LÉv

ĂLzz ûvĀþÝĊ½wLúúăv # LĊ¢  )¹½v¹  ĈývĀ·¿wLz  ĂLýĀúý ¢L{LLLÆýwLăć    R¢L{¨ù

¢LÅ½¹wÅwþLÉĈĉāºÉ  ĂýĀúý ôí Ăzwăć  z v½ ¹Ā«Āù ¢{¨ùĊûw  ùĈºþí    ÿ

ÞùĊ½wć  öíĊºć  v¾zć  wÖ· Èăwíć  wLLÅwþLLÉ ÷ºÝ$ ÷ÿ¹ ÛĀýĈĉ    ĂýĀúý

zĊ½wúù )¢LÅv #ĊòýwĊü   LÎ·wLÉ IÔLÅĀ¤ù ¢é¹Ĉ  í¾£Ċ{Ĉ    ¢é¹ Ăí ¢LÅv

øă äö¤¸ù ±ĀÖLLÅ ½¹ v½ óºùýwLLÉĀ~Ĉ.  $  È¸z ¢³wLLÆù ¢{LLÆý

z ë¾¤LLÊùĊü ~ Ă{Þ«ĊÈzĊþĈāºLLÉ  Þévÿ Ă{Þ« ÿĈI    ôí ¢³wLLÆù Ăz

ÈLLÉĀ~ ā¹ÿº´ùā¹v¹Ă{Þ« ÿ¹ ¾ă ÔLLÅĀ£ āºLLÉ  #ùĈº¬þLLÅ  ½vºêù )

mAP@50 zĊ¾òýw  ùĊòýwĊü  øă Ăýw¤LLÅj ½¹ ¢é¹ýwLLÉĀ~Ĉ  0+  ºLLÍ½¹  

¢LLÅv  ÿ  Ċz¾¤LLÊ  öí ¢´LLÍ ¾zĈ wLLÅwþLLÉĈĉ    Iôzwêù ½¹ )¢LLÅv Àí¾ú¤ù

mAP@50–95  ùĊòýwĊü  Ăýw¤LÅj ½¹ ¢é¹wăć  øăýwLÉĀ~Ĉ  0+ £w  40  

ºLLLÍ½¹  $wLz  ÷wLñ  0 ºLLLÍ½¹  #v½  ĂL{LLLÅwĹ ù  ĈùºLþí  wLývĀ£ ÿĈĉ    ½¹ óºLù

wÅwþÉĈĉ  é¹Ċè  Év ¹wÞzv ÿ ô´ùĊ iw  v¾É ½¹ v½ĉÔ  ¢¸Åù ¾£Ĉº¬þÅ) 

-̺  ¦´z ÿ ªĉw¤ý 

  ½¹

  ôîÉ.(  w¤ýĉª   ¹¾îöúÝ  óºù  ¾zÿ½ć  ÿwÎ£ĉ¾  Þévÿ  Ĉù ÿ ï¾zĊāĀ  ¡Ā£òý¾åĈ 

Fig 3. Model performance results on real images of strawberry leaves and fruits 

ÌĊ¸LLÊ£ ćv¾z ć¹wĄþLLÊĊ~ óºù Ĉ«ÿ¾· I ć½wúĊz  äö¤¸ù ćwă

¡Ā£ āĀĊù ÿ ï¾z  ÛĀý I¾ĉĀLLÎ£ ¾ă ½¹ )¢LLÅv āºLLÉ ā¹v¹ ûwLLÊý Ĉòý¾å

óºù ûwþĊúÕv ûvÀĊù āv¾úă Ăz ć½wúĊz )¢LÅv āºLÉ Ì¸LÊù  ûwúă  ½ĀÕ

Ĉù āºăwÊù Ăí  Ē¤{ù Ĉ³vĀý Ĉ{Åwþù ¢é¹ wz ¢Åv Ă¤ÆývĀ£ óºù I¹ĀÉ

ºþí ìĊîæ£ ÿ ĈĉwÅwþÉ v½. 

̸-̺-  ö´£Ċô Þù ÃwÅv ¾z óºù ¹¾îöúÝĊwă½wć 

½wùjć Ăê{Õºþzć 

¿½vĉzwĈ  Þù óÿº« ÃwLLÅv ¾z óºù ¹¾îöúÝĊwă½wć  ¿½vĉzwĈ    ûwLLÊý

ùĈºă¹  ³v¾Õ óºù ĂíĈāºLÉ  ývĀ·¿wz ÿ ¢é¹ wz ¢Åv Ă¤LÆývĀ£Ĉ    ½¹ đwz

  yöávĂ¤Å¹¹¾îöúÝ Iwăć  ôzwé½v ¹Ā· ¿v óĀ{étv)ºă¹ Ă 

 ªĉw¤ý  óÿº«-  Ĉù ûwLLÊý Ăí ºă¹Ă¤LLÅ¹  Ĉò¤·ĀLLÅ  ĂåĀîLLÉ    ¢é¹ wz

ó¹wLÞù 40,*+  ývĀ·¿wLz ÿĈ  ôLùwLí  ++*,ĂLz I¾¤Ąz ûvĀþÝĉü  ĂL¤LLLÅ¹    ¿v

 
1 Dropout 
2  Giga Floating-point Operations Per Second 

  ¢é¹ ×w´õ¿½vĉzwĈ  ù Ă¤·wþLLÉĈ¹ĀLLÉ  wývĀ£ ¿v ûwLLÊý ĂíĈĉ    ½¹ óºù

wLÅwþLÉĈĉ  v ôùwíĉü  zĊ½wúć  ă ûÿºzĊ® wÖ·ć  þ°úă )¹½v¹ ã¼³ĊIü  

¹wLêùĉ¾ mAP@50    ÿmAP@50-95  v¾zć vĉü  ĂL¤LLLÅ¹  £¾£ ĂLz LĊy  

440*+  ÿ 33-*+  v ĂLí ºLþ¤LLLÆăĉü    ¢Lé¹ ¾ùvyLLLÅwLþù    ÷wLú£ ½¹ óºLù

ÅjĂýw¤wăć  IoU  m£ v½Ċĉº  ùĈºþí) 

Ă¤LÅ¹  Ăĉÿv¿ Ăîõ½v¹  ýĊÀ  {LÅwþù ¹¾îöúÝĈ    wz ÿ ā¹v¹ ûwLÊý ¹Ā· ¿v

¢Lé¹ 4+0*+ ývĀ·¿wLz ÿ  Ĉ4+/*+z ó¹wLÞ£ ¿¾ù ½¹ IĊü ¢Lé¹  ÿĈývĀ·¿wLz  

þ°úă )¢LLLÅv ĂL¤å¾ñ ½v¾éĊIü    ½vºLêùmAP@50  vĉü  ĂL¤LLLÅ¹  ¾zv¾z  

4-2*+    ½vºLêù ÿmAP@50-95  ýĊÀ  21+*+    ¿v ûwLLLLÊý ĂLí ā¹Āz

wLÅwþLÉĈĉ  v ¾§oùĉü  zĊ½wúć   LÅ ½¹±ĀÖ  øă äö¤¸ùýwLÉĀ~Ĉ    )¹½v¹Ă¤LÅ¹  

ĂLîõ  ñ¾zĈ $ đwLz ĂLýĀúý ¹vºLÞ£ wLz--.ý #ĊÀ  v½v¹ć   ¹¾îöúÝyLLLÅwLþù    wLz

¢é¹  4+2*+ ývĀ·¿wz ÿ  Ĉ4,/*+    ÿmAP@50  4/.*+ ¢LÅvI  v Ăíĉü  

3 Intersection over Union 
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où ÛĀLLLÑĀù Lĉº  vÀåv wLz óºLù ĂLí ¢LLLÅv ûjĉÈ  ā¹v¹ ø¬³wLă  ¹Ā{Ąz I

ĉñ¹wĊ¾ć  úÞ£ ÿĊø¼~ĉ¾ć  )¢Åv ā¹¾í Ăz¾¬£ v½ 

  óÿº«-( tÀ«Ċ¡w  ÃwÅv ¾z óºù ¹¾îöúÝĂ¤Å¹wăć ãºă  äö¤¸ù 
 Table 2. Details of model performance based on different 

target classes 

¿v  ĀLÅć  ¹ĉI¾ò  ·¾zĈ  Ă¤LÅ¹ºþýwù wă  ĈñºĊLÅĀ~  ¿Āþív¾¤ýj  āĀĊù    ÿ

ć¾¤LLÆíw· ì í  ývĀ·¿wz ÿ ¢é¹ ½¹ ó¹wÞ£ ÷ºÝ ½w¯¹Ĉ    ½¹ )ºþ¤LLÆă

Ă¤LLÅ¹    ĈñºĊLLÅĀ~¿Āþív¾¤ýj  āĀĊù$ đwz ¢é¹ I40-*+ûwLLÊý #  āºþă¹

wývĀ£Ĉĉ  ćđwz  wăwÖ· ¿v xwþ¤«v ½¹ óºùć   ývĀ·¿wz wùv I¢LÅv óÿv ÛĀýĈ  

w~Ċĉü¾£  $3++*+ĂýĀúý ¹Ā«ÿ ówú¤³v #wăć  wLÅwþLÉĈĉāºLÊý    v½  ûwLÊý

Ĉùºă¹Ăz )  ½¹ IĂzwLLÊù ½ĀÕĂ¤LLÅ¹  ć¾¤LLÆíw· ì í¢é¹ I  342*+    ÿ

ývĀ·¿wz  Ĉ3,-*+  ù āºăwLLÊùĈI¹ĀLLÉ  z ĂíĊ¾òýw  ·¾z ¹Ā«ÿĈ   Èõw¯  wă

ÿ ©v¾¸¤LLLÅv ½¹ĉñÂĈwăć  Ăz ¾LLLÎ´þùv ¹¾åĉü  zĊ½wú¢LLLÅv ć  ½vºêù )

w~Ċĉü¾£  mAP@50-95  v ½¹ĉü  Ă¤LÅ¹  $1-3*+ý #Ċz ÀĊ¾òýw    ¢LÅv ûj

ýwîù ¢é¹ äö¤¸ù ±ĀÖLLÅ ½¹ óºù Ăí  Ĉ  āºLLÉ Ă«vĀù ¹¾îöúÝ ¢åv wz

)¢Åv 

 

 ôîÉ.( w¤ýĉª  ¹¾îöúÝ óºù ¾zÿ½ć ÿwÎ£ĉ¾  Þévÿ Ĉù ÿ ï¾zĊāĀ ¡Ā£òý¾åĈ 
Fig 3. Model performance results on real images of strawberry leaves and fruits 

 ¢é¹ ÔÅĀ¤ù üĊòýwĊù 
ývĀ·¿wz Ĉ 

Recall 
¢é¹ 

Precision 
 Ă¤Å¹ 

Class mAP@50-

95 
mAP@50 

0.760 0.927 0.904 0.905 ÿv¿ Ĉñ¾z Ăîõĉ Ă ½v¹ 
Angular Leaf 

Spot 
0.717 0.893 0.800 0.952 ÅĀ~Ċ ñºĈ ¿Āþív¾¤ýj  

 āĀĊù 
Anthracnose 

Fruit Rot 
0.882 0.995 1.000 0.951  ĂåĀîÉ Ĉò¤·ĀÅ 

Blossom Blight 
0.628 0.891 0.812 0.897 ¾¤Æíw· ì íć 

Gray Mold 
0.774 0.915 0.942 0.799 ù ÿ ï¾zĊāĀ  øõwÅ 

Healthy Leaves 

& Fruits 
0.872 0.943 0.914 0.907 ñ¾z Ăîõ Ĉ 

Leaf Spot 
0.689 0.827 0.725 0.816 æÅĊëº ½¹Ā~ć ùĊ āĀ 

Powdery 

Mildew Fruit 
0.786 0.879 0.908 0.867 æÅĊëº ½¹Ā~ć  ï¾z 

 Powdery 

Mildew Leaf 
0.763 0.909 0.863 0.886 Ăúă  Ă¤Å¹wă 

 All classes 



͉̹                                                                                                        z Çÿ½ ¹¾z½wíĊwþĈĉ  ÉwùĊü  ÌĊ¸Ê£ ½¹   ć½wúĊz)))ćwă   

 

 

 

ývĀ·¿wz óºù IøõwLLÅ Ă¤LLÅ¹ ½¹Ĉ   LLÆzĊ½w  đwzĈĉ $4/-*+  Ăz I¹½v¹ #

vĉü  ¾ê£ Ăí wþÞùĉMw{ ĂýĀúý ÷wú£wăć    ûĀù¿j ĂÝĀú¬ù ½¹ ¹Ā«Āù øõwLLLÅ

Ăz¤LLÅ½¹Ĉ  wLLÅwþLLÉĈĉ  āºLLÉv wz )ºývĉü  w~ ¢é¹ Iów³Ċĉü¾£  $244*+  #

ù ûwLLLÊýĈºLă¹  ù ½¹ ĂLí LĊûw  ĂLýĀúýwLăĈĉ  ĂLz óºLù ĂLí  øõwLLLÅ ûvĀþÝ

~ĊÈzĊþĈ  ¹vºLÞ£ Iā¹¾íć  ¹½ z ÜévÿĊ½wLú  ā¹Āzv )ºLývĉü  ÞLLLÑÿ LĊ¢  z LĊ¾òýw  

wLÅwþLÉ ½¹ óºù Ăí ¢LÅv ûjĈĉ  ĂýĀúý Ăúăwăć    wùv I¢LÅv èåĀù øõwLÅ

 LÊ¸zĈ ĂýĀúý ¿vwăć  zĊ½wú  ý v½ĊÀ  v ½¹ āw{¤LÉv Ăzĉü  ù ½v¾é Ă¤LÅ¹Ĉ ºă¹)  

vĉü    ĂLõmLLLÆùĈù  ºLývĀ£wLă¹¾z½wLí ½¹ć évÿÞĈI  ĂLzÿĉāÂ  j¾å ½¹ĉ wLăºLþć  

~ĊòLÊĊ¾ć  ć½wúĊz ¿vI  ā¾Õw¸ùùjĊÀ    )ºLÉwz¹¾îöúÝ ¹Ā{Ąz ćv¾z    ½¹ óºù

ÌĊ¸LÊ£ Ĉù IĂ¤LÅ¹ üĉv  Üzw£ ½¹ v½ øõwLÅ ÃĒí ¢Ċúăv yĉ¾LÑ ûvĀ£

ÈĊ~ Ăz ÓĀz¾ù ćwăwÖ· w£ ¹v¹ ÈĉvÀåv ûwĉ¿  Ă¤LÅ¹ üĉv ¢LÅ½¹wý ĈþĊz

Ăúĉ¾«½wúÞù ¿v wĉ Iºþþí ¢åwĉ½¹ ć¾¤LLLÊĊz ććwăĈĉ  îæ£ ûvĀ£ wzĊì  

¢å¾ñ ā¾Ąz ¾£đwz. 

½¹  wĄýĉI¢  äĊÞLÑĂ¤LÅ¹ ĂĊöí üĊz ½¹ óºù ¹¾îöúÝ üĉ¾£  Iãºă wă

  ÿ¹ ½¹Ă¤LÅ¹  ï¾z ÿ āĀĊù ć½¹Ā~ ëºĊæLÅ  ºLÉ āºăwLÊù¢é¹ )  3,1*+  

ývĀ·¿wz ÿ  Ĉ2-0*+  v¾zć  Ă¤LLÅ¹  āĀĊù ć½¹Ā~ ëºĊæLLÅ  ûwLLÊý  āºþă¹

º« Èõw¯ć  ¸Ê£ ½¹ óºùĊÌ  é¹Ċè  vĉü  zĊ½wúć  Ăz )¢ÅvÿĉāÂI    ½vºêù

mAP@50-95  wLLz ¾Lzv¾Lz  134*+   LímLL£ LLĊº   LùĈºLLþLí    ½¹ óºLLù ĂLLí

êùĊÃwwăć  ¸LLÊ£ äö¤¸ùĊÌ ć½wúĊzI  ćv½v¹  w~ĉ½vºć   ÷¿đ ¢LLÆĊý  )

Ĉù äĊÞLLÑ ¹¾îöúÝ üĉvºývĀ£  Ĉõwú¤³v ½ĀÕ Ăz    ¹Ā{úí ¿v ĈLLÉwý  ø¬³

  ½¹ ā¹v¹Ă¤LÅ¹  ¾ĉwÅ wz ć¾ăwÙ ¢ăw{É IĂÕĀz¾ù ćwăĂ¤Å¹  Ăöú« ¿v$ wă

  ÛĀþ£ ÷ºLÝ ÿ #ï¾z ĂLîõ ÿ ï¾z ć½¹Ā~ ëºLĊæLLLÅć¾ăwLÙ    ½¹ ĈåwLí

ā¹v¹ ĂÝĀú¬ùºÉwz wă. 

̹-̺- þ´þù Ĉ  ¢é¹(ývĀ·¿wz Ĉ  óºù 

 ôLîLLLÉ/þ´þù IĈ  ¢Lé¹(ývĀ·¿wLzĈ  óºLù  ĂL¤åwLĉ ĂLÞLLLÅĀ£  v¾z v½ć  

wLLÅwþLLÉĈĉ  zĊ½wúćwăć  ñ äö¤¸ùĊāw  ¡Ā£òý¾åĈ  ù ûwLLÊýĈºă¹v )ĉü  

þ´þùĈ  ĉîĈ  wLă½vÀzv ¿vć  öí LĊºć  v¾zć  ¿½v LĉzwĈ   óºLù ¹¾îöúÝ wLăć  

 Lĉñ¹wĊ¾ć  LLLÉwLùĊü ÷ºLÝ ôLtwLLLÆù ½¹ā¹v¹ ó¹wLÞ£ĂLz IwLăÿĉāÂ   ā¿Ā³ ½¹

¸LÊ£ĊÌ  LÉvĊ iw  z ÿĊ½wúćwăć  ñĊăwĈ þ´þù ¾ă )¢LÅvĈ v ½¹ĉü    ½v¹Āúý

wúýĉ¾òýw  ¸LLÊ£ ½¹ óºù ¹¾îöúÝĊÌ ĉîĈ    ¿vĂ¤LLÅ¹  wăĉw  zĊ½wúć wăć  

ñĊăwĈ ývĀ·¿wz Ăz ¢{LLLÆý ¢é¹ ½vºêù ÿ ā¹ĀzĈ    v½v¾zć  Ă¤LLLÅ¹    ¢´£

  ĈÅ½¾zù ûwÊýĈºă¹) 

 ôîÉ/( þ´þùĈ ¢é¹(ývĀ·¿wzĈ $Precision-Recall Curve óºù #

v¾zć wÅwþÉĈĉ zĊ½wú ćwăć ñ äö¤¸ùĊāw ¡Ā£Ĉòý¾å 
Fig 4. Precision-Recall Curve of the Model for Detecting 

Different strawberry Plant Diseases 

¾z  w¤ý ÃwLÅvĉIª  ¸LÊ£ ½¹ óºùĊÌ Ă¤LÅ¹  Ĉò¤·ĀLÅ  ĂåĀîLÉ    wz

  ½vºêùmAP@50    ¾zv¾z440*+  Æz ¹¾îöúÝĊ½w  zĀöÖùĈ  v )¹½v¹ĉü    ¹ºÝ

¹Àýĉì    ĂzĉIì  wývĀ£ ¿v ûwLÊýĈĉ   LÆzĊ½w  đwzć  ¸LÊ£ ½¹ óºùĊÌ ´LÍĊ ² 

vĉü  zĊ½wLúć  ½ĀÕ ĂLz I¹½v¹ć  z ½¹ ĂLíĊ¾¤LLLÊ   ývĀ·¿wLz ÿ ¢Lé¹ wLz I¹½vĀùĈ  

v đwzĉü  zĊ½wúć  ¸LLÊ£ v½ĊÌ   )¢LLÅv ā¹v¹Ă¤LLÅ¹wăć  ¹ĉ¾òć    ûĀ°úă

ñ¾z ĂîõĈ  Ăîõ I  Ĉñ¾zĂĉÿv¿½v¹    øõwLLLÅ ÿýĊÀ  {LLLÅwþù ¹¾îöúÝĈ    ¹Ā· ¿v

ā¹v¹ ûwLÊýv )ºývĉü    ¿v đwz ±ĀÖLÅmAP@50  zĊ¾òýw    óºù Ăí ¢LÅv ûj

wLú£ ½¹ĉÀ  ù LĊûw  ï¾zwLăć  v½v¹ ÿ øõwLLLÅć  zĊ½wLúć  é¹ ¹¾îöúÝĊè    ÿ

zwéôĈõĀ{é  )¢Åv Ă¤Év¹ 

ĀLLLÅ ¿vć  ¹ĉI¾ò  ĂL¤LLLÅ¹wLăĈĉ  ÚýĊ¾  æLLLÅ LĊëº  ½¹Ā~ć ùĊāĀ    wLz

mAP@50   ¾zv¾z3-2*+ ¾¤LLÆíw· ì í ÿć    ½vºêù wz34,*+ v½v¹ Ić  

ÞLÑ ¹¾îöúÝĊä¾£ć  wLÅ Ăz ¢{LÆýĉ¾  Ă¤LÅ¹¢é¹ ½v¹Āúý )ºþ¤LÆă wă(

ývĀ·¿wzĈ  vĉü  Ă¤LÅ¹ù ûwLÊý wăĈºă¹  ā¿wz ½¹ ĂíwăĈĉ  ývĀ·¿wz ¿vĈI    ¢åv

ôLzwLéĄ«Ā£Ĉ ù µ½ ¢Lé¹ ½¹ĈIºLă¹ ù ĂLíĈºLývĀ£   LLLÉwLýĈ   ¢LăwL{LLLÉ ¿v

¾ăwÙć  v øtĒÝĉü  zĊ½wúćwă  wLLÅ wzĉ¾  zĊ½wúćwă  ĉw  ï¾zwăć    ÿ IøõwLLÅ

þ°úăĊü ĂýĀúý ¹Ā{úíwăć   LLÉ¿ĀùjĈ  v ½¹ĉü  Ă¤LLÅ¹w~ )ºLLÉwz wă Ċĉü  

  ½vºêù û¹Āz¢é¹ ÔLLÅĀ¤ù üĊòýwĊù  v ½¹ĉü  Ă¤LLÅ¹ù wăĈºývĀ£    y«Āù

¸LLLÊ£ĊÌwLăć  wLă¹¾z½wLí ½¹ ĂLí ¹ĀLLLÉ ¢LLLÅ½¹wLýć  ÞévÿĈ   ĂLz ¾¬þù

úÎ£ĊøñĊ¾ćwăć  )ºÉ ºăvĀ· āw{¤Év 

ù LĊòýwĊü  mAP@50  v¾zć  ùwLú£Ĉ  ĂL¤LLLÅ¹wLăãºLă ć  wLz ¾zv¾z  

4+4*+  v )¢LÅv āºLÉ Ç½vÀñĉü  öí ¹¾îöúÝ ¿v ûwLÊý ¹ºÝĈ   yLÅwþù

m£ ÿ ¹½v¹ óºùĊĉº ùĈºþí  wLÅwþLÉ ½¹ óºù ĂíĈĉ  zĊ½wúćwăć    Iäö¤¸ù

ĂLzÿĉāÂ  ā¿wLz ½¹wLăć  ývĀ·¿wLz ÿ ¢Lé¹Ĉ  ~ ĂLtv½v ĂLz ½¹wLé IđwLzĊÈzĊþĈwLăĈĉ  

úÕv wzĊûwþ  )¢Åv đwz 

ù LĊòýwĊü  mAP@50  v¾zć  ùwLú£Ĉ  ÃĒíwLăć    wLz ¾zv¾z ãºLă

4+4*+  z Ăí ¢LÅv āºLÉ Ç½vÀñĊ¾òýw  öí ¹¾îöúÝĈ ôzwé    ½¹ óºù óĀ{é

¸LLÊ£ĊÌ zĊ½wúćwăć  ¡Ā£ äö¤¸ùòý¾åĈ  v )¢LLÅvĉü    ûwLLÊý ½vºêù

ùĈºă¹  {LÅwþù ó¹wÞ£ Ă¤LÆývĀ£ óºù ĂíĈ  zĊü  ývĀ·¿wz ÿ ¢é¹Ĉ    ½v¾é¾z

ā¿wLz ½¹ ÿ ºLþí LăwĈĉ  Þù ÿ¹ ¾ă ĂLí LĊ½w  đwLz ±ĀÖLLLÅ ½¹Ĉĉ    IºLý½v¹ ½v¾é

~ĊÈzĊþĈwLăĈĉ  úÕv wLzĊûwLþ   )ºLă¹ ĂLtv½v đwLzvĉü ùĊûvÀ öí ¢Lé¹Ĉ   v¾zć  

ĉì  wÅwþÉ óºùĈĉ  ĀÎ£ĉ¾  ¿½ÿwÊí ā¿Ā³ ½¹ć    ûwÊý ÿ ā¹Āz óĀ{é ôzwé
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ùĈºă¹  ³v¾Õ óºù ĂíĈāºLÉ  ÿ ¢LÅv Ă¤LÆývĀ£ĉñÂĈwăć  wú£ĉāºþă¹À  

zĊü  Ă¤Å¹wăć  Ăz v½ äö¤¸ùzĀ·Ĉ  {z Ç¿ĀùjĊºþ) 

̺-̺-  ö´£Ċô  ¾£wù ÃwÅv ¾z óºù ¹¾îöúÝĉÄ  

ò¤æÉjĈ 

v¾zć  ¿½vĉzwĈ  ¸Ê£ ½¹ óºù ¹¾îöúÝ ¢é¹ĊÌ  zĊ½wúćwăć  ñĊăwĈI  

¾£wù ¿vĉÄ  ò¤æLLÉjĈ,  v )ºLLÉ ā¹wæ¤LLÅvĉü  ¾£wùĉÄ  ĉîĈ   wă½vÀzv ¿vć  

öíĊºć  ö´£ ½¹Ċô w¤ýĉª óºùwăć  Ăê{Õºþzć    wz Ăí ¢LÅv ĂLÅĒíºþ¯

wúýĉÈ  ~ ¹vºÞ£ĊÈzĊþĈwăć  ´ÍĊ²  v¾z ¢Å½¹wý ÿć    ûwîùv IÃĒí ¾ă

 LLÅ½¾zĈ  é¹Ċù øăv¾å v½ óºù ¹¾îöúÝ èĈºþí¾£wù ¿v ā¹wæ¤LLÅv wz ) ĉÄ  

ò¤æLLÉjĈI  ùĈûvĀ£  îæ£ ½¹ óºù äÞLLÑ ÿ ¡Āé Ówêý ĂzĊì    Ă¤LLÅ¹ ¾ă

~Ĉ  wăwÖ· ÿ ¹¾zć  Ăê{Õºþzć  wÅwþÉ v½Ĉĉ  )¹¾í 

w¤ýĉª    ôîÉ0    ûwÊýĈùºă¹  ¸Ê£ ½¹ óºù ĂíĊÌ  ·¾zĈ  Ă¤Å¹  wă

ÚýĊ¾  ñ¾z ĂLîõĈĂLîõ I  Ĉñ¾z  ÿv¿ LĉĂ½v¹  ÿ    ëºLĊæLLLÅ½¹Ā~ć    ¢é¹ ¿v ï¾z

đwLzĈĉ  āºLúÝ È¸z ÿ ā¹Āz ½v¹½Ā·¾zvć  ĂLýĀúý ¿vwLăć  vĉü ĂL¤LLLÅ¹  ĂLz wLă

¤LLLÅ½¹Ĉ  Ăê{Õºþzć    )ºýºLLLÉĂýĀúý ćv¾z  IĂ¤LLLÅ¹  Ĉñ¾z Ăîõ    wz-+3  

~ĊÈzĊþĈ ´LLLÍĊ²   wLĄþ£ ÿ Lĉì  øLLLÊ¯ ¢Lé¹ ¿v āwL{¤LLLÉv ¹½ĀùñĊ ¾ć  

özwLé ¿v ûwLLLÊý ÿ ā¹Āz ½v¹½Ā·¾z LĊ¢  đwLzć  wLú£ ½¹ óºLùĉ½v¼LñÀć  zĊü  

ĂýĀúý  ćwăvĉü  Ă¤LÅ¹  wLÅ ÿĉ¾  yLÆ¯¾zĂz )¹½v¹ wă  IĂzwLÊù ½ĀÕĂ¤Å¹   Ăîõ

  Ĉñ¾z  ½v¹ ĂLĉÿv¿  wLz0+  ~ ¹½ĀùĊÈzĊþĈ  ´LLLÍĊ²  ý wLÖ· ôLévºL³ ÿĊÀ  

Æz ¹¾îöúÝĊ½w  zĀöÖùĈ  )¢Åv Ă¤Év¹ 

 ôîÉ0(  ½v¹Āúý¾£wùĉÄ ò¤æÉjÇ¿Āùj óºù Ĉ āºĉ¹ 
Fig 5. Confusion Matrix of the Trained Model 

ā¹v¹ ĂÝĀú¬ù ½¹wăć  ÃĒí ¾z āÿĒÝ Iā¹wæ¤LLÅv ¹½Āùwăć    ÓĀz¾ù

z ĂzĊ½wúćwăć   LLÊ¸z Iäö¤¸ùĈ  ÿwLLÎ£ ¿vĉ¾  Ä~ èÕwþù ôùwLLÉù¿ĊĂþ  

³vĀý Ăz Ăí ¢LÅvĈ  áĊÔ{£¾ù¾  z øtĒÝ wzĊ½wúć  v )¹½v¹ ā½wLÉvĉü    èÕwþù

ùĈºþývĀ£  wLLÅ ôùwLLÉĉ¾  ´ù ¾LLÍwþÝĊÖĈ  Ā«Āù¹  ĀLLÎ£ ½¹ĉ¾    ¿v ¾Ċá Ăz

yLÆ¯¾z Ĉ³vĀýāºLÉ ć½v¼ñ  wývĀ£ )ºþLÉwzĈĉ  wú£ ½¹ óºùĉÀ  ´LÍĊ²  vĉü  

 
1 Confusion Matrix 
2 True Negatives 

Ä~ù¿ĊĂLþwLă  z èÕwLþù ¿vĊI½wLú  úăv LĊ¢  đwLzĈĉ  ¿ I¹½v¹ĉv¾    ½¹ āwL{¤LLLÉv

wLLLÅwLþLLLÉĈĉ  Ä~ù¿ĊĂLþ  ĂLýĀúý ûvĀþÝ ĂLzwLăć  zĊ½wLúć  ùĈºLývĀ£    y«Āù

Ăê{Õ ¢é¹ Èăwíºþzć  )¹ĀÉ 

½¹  Ăê{Õ ½¹ óºù ¹¾îöúÝ Iôzwêùºþzć  Ă¤LÅ¹wăĈĉ  ÚýĊ¾  ëºĊæLÅ  

½¹Ā~ć ùĊāĀ¾¤LLLÆíwL· ìL í IćĂLz ÿ IÿĉāÂ  Ä~ù¿ĊĂLþ  ÈõwL̄  wLzwLăĈĉ  

 ½¹ )¢LÅv ā¹Āz Ă«vĀùĂ¤LÅ¹  ëºĊæLÅ    wĄþ£ IāĀĊù ć½¹Ā~.+   Ăz ¹½Āù

¤LÅ½¹Ĉ ¸Ê£ĊÌ  ù ÿ ºýºÉ ā¹v¹ĊûvÀ  đwzĈĉ    wz Ów{£½v ½¹ ¡wăw{¤Év ¿v

Ă¤LLÅ¹wăć    ĂzwLLÊù  ÿÄ~ĂþĊù¿  v )ºLLÉ āºăwLLÊùĉü  ĉĂ¤åwwă    ówú¤³v

ÿ ëv¾¤LÉvĉñÂĈwăć  ¾ăwÙć  ùĊûw  vĉü  Ă¤LÅ¹ù ±¾Öù v½ wăĈ¹¿wLÅ    Ăí

úñ½¹¾LLÅ y«ĀùĈ  j¾å ½¹ óºùĉºþ  ~ĊÈzĊþĈ  þ°úă )¢LLÅv āºLLÉĊü  

ĂL¤LLLÅ¹  ĂLþĊù¿ Ä~  õ¹ ĂLz LĊô  ½wL¤·wLLLÅ ÛĀþ£ć wLú¤³v ÿ đwLzó   ¹Ā«ÿ

āv¾úñ ¡wÝĒÕvā¹v¹ ½¹ āºþþíwăć  Ä~ù¿ĊIĂþ  ĉîĈ  öÍv Üzwþù ¿vĈ    ¿ÿ¾z

ù xĀLÆ´ù wÖ·Ĉ¹ĀLÉv ½¹ )ĉü  Ă¤LÅ¹~ ¾z āÿĒÝ IĊÈzĊþĈ  ´LÍĊ²    wĄþ£

./    ¹vºÞ£ I¹½ĀùôzwéĄ«Ā£Ĉ  ĂýĀúý ¿vwăć  wLLÅĉ¾  Ă¤LLÅ¹  āw{¤LLÉv Ăz wă

ĂzĂê{Õ ĂþĊù¿ Ä~ ûvĀþÝºþzć  āºLÉv )ºývĉü  ûwLÊý ¾ùv ½vĀLÉ¹ āºþă¹ć  

¸LLÊ£ ½¹ óºùĊÌ é¹Ċè  ù ¿¾ùĊûw  Ä~ ¡wÝĒÕvù¿ĊĂþ  ĂýwLLÊý ÿ wăć  

zĊ½wúć  )¢Åv 

¿v  ö´£ ¾ÚþùĊöĈI ¾ăwÙ ¢ăw{LLÉć  ùĊûw  Ă¤LLÅ¹wăć    Ăîõ ÿ øõwLLÅ

ý Ĉñ¾zĊÀ  Ăz IāºLÉ ¡wăw{¤LÉv ¿ÿ¾z ¦ÝwzĂýĀñvć   Ăí-2    ¿v ĂýĀúýĂ¤LÅ¹  

Ăz āw{¤LÉv Ăz øõwLÅ~ Ĉñ¾z Ăîõ ûvĀþÝĊÈzĊþĈ  āºLÉv )ºývĉü  ùĊûvÀ    wÖ·

íw³Ĉ  wú£ ½¹ óºù Ăí ¢LLÅv ûj ¿vĉ½v¼ñÀć  ùĊûw  ¢åwzwăć    ÿ øõwLLÅ

jć½wLúĊz ĂLz ā¹Āõ  ĂLzÿĉāÂ  õÿv ôL³v¾ù ½¹ LĊĂ  ÛĀĊLLLÉ  zĊ½wLúćI åwLí ¢Lé¹Ĉ  

v )¹½vºLýĉü  ù ÛĀLLLÑĀùĈºLývĀ£   LLLÉwLýĈ  ĂLýĀúý ¹Ā{úí ¿vwLăć    wLz ÿ ÛĀþ¤ù

íĊæĊ¢  ā¹v¹ ĂÝĀú¬ù ½¹ćwă    Ç¿Āùjĉw  ~Ċ°ĊñºĈ  ¾ăwÙć  zĊ½wúć    ½¹

v¾ÉĉÔ  {ÕĊÞĈ  )ºÉwz 

ĂLÝĀú¬ù ½¹ ĂL¯¾ñv  ā¹v¹ćwLă  vĉü  Ä~ ÃĒí IĂLÞõwLÖùù¿ĊĂLþ  

Ăz¾LÍ ¡½ĀLÍĉ² ¾Þ£ĉä  j¾å ½¹ wùv I¢LÅv āºLÊýĉºþ  ~ĊÈzĊþĈI    ½¹ óºù

ÞéĀù ¾ăĊ¢  ýwîùĈ  ĀLÎ£ ¿vĉ¾  wzĉº  úLÎ£Ċø  òzĊ¹¾  ³wý ûj ĂíĊĂ    ĂzĉîĈ  

ÃĒí ¿vwăć  ¾Þ£ĉäāºLLÉ    ¹½v¹ èöÞ£ĉw  vĉĂîþ  ăĊ® wĊLLÉv i  ¾{¤Þùć    ½¹

v )¹½vºý ¹Ā«ÿ ûjĉü    ¹Ā«ÿ ÷ºÝ ¢õw³wĊÉvIi  ĂzþúÑ ¡½ĀÍĈ  Ăz  ûvĀþÝ

ĉì  Ä~ ÃĒíù¿ĊĂþ  ù Ă¤å¾ñ ¾Úý ½¹Ĉ¹ĀLÉ¿½v ÷wòþă ½¹ )ĉzwĈ    Ióºù

vĉü  þúLLÑ ÃĒíĈ ¾£wù ĂzĉÄ  ò¤æLLÉjĈ  ù ā¹ÿÀåvĈ¹ĀLLÉ    ¹¾îöúÝ w£

¸Ê£ ½¹ óºùĊÌwăć  ´ÍĊ²- ¢Å½¹wý ÿ.  ýĊÀ  ā¿vºýv ôzwéñĊ¾ć  )ºÉwz 

½¹  öí ²ÖLÅĈI ¾£wùĉÄ  ò¤æLÉjĈ  ù ûwLÊýĈºă¹    ¹¾îöúÝ óºù Ăí

zĀöÖù Mw¤{LÆýĈ  Ăê{Õ ½¹ºþzć  Ă¤LÅ¹wăć  Iyõwá  ÃĒí ĈþÞĉ  Ăí Ĉĉwă

  ôĊõ¹ üĊúă Ăz ÿ Ă¤LLÉv¹ ā¹v¹ ĂÝĀú¬ù ½¹ v½ ĂýĀúý ¹vºÞ£ üĉ¾¤LLÊĊz

ûj wz Ç¿Āùj ºþĉj¾å ½¹ óºù  Ătv½v I¢LÅv Ă¤LÉv¹ ć¾¤LÊĊz ĂĄ«vĀù wă

)¢LLÅv ā¹¾í  Iów³ üĉv wz    ¹½Āù ½¹Ă¤LLÅ¹wăĈĉ  øă wzýwLLÉĀ~Ĉ/   ¾ăwÙć  

Ąz ¹¾îöúÝ IđwLzĊĂLþvć  )¢LLLÅv ā¹¾îý ĂLtv½vv ½¹ĉü    ¿v ½ĀÚþù IĂLÞõwLÖù

3 False Positives    
4 Overlap 



͉͈                                                                                                        z Çÿ½ ¹¾z½wíĊwþĈĉ  ÉwùĊü  ÌĊ¸Ê£ ½¹   ć½wúĊz)))ćwă   

 

 

 

øăýwÉĀ~Ĉ  đwz ¢ăw{Éć  ÿĉñÂĈwăć  ¾ăwÙć  zĊü  ·¾zĈ  ÃĒí  I¢Åwă

ĂzĂýĀñvć  ÿwLLÎ£ ½¹ Ăíĉ¾  wă¿¾ù IĂýĀúýć  zĊü  ûj  ¢åwz Iðý½ ¾Úý ¿v wă

 Lĉw  ĂLz ôLîLLLÉzĀ·Ĉ  îæ£ ôLzwLé LĊì  È¸z ÿ ā¹Ā{ýwLăĈĉ  ĀLLLÎ£ ¿vĉ¾  

ÿĉñÂĈwăć  í¾¤LLLÊùĈ  z wzĊÈ    ¿vĉì þ¯ )¢LLLÅv Ă¤LLLÉv¹ ÃĒíĊü  

v¾LLÉĉÖĈ  ù ĂíĈºývĀ£   LLÉwýĈ  ¿ ¢ăw{LLÉ ¿vĉ¤LLÆĈ ĂýĀúý  wăĉw  v¾LLÉ ĉÔ  

ĀLÎ£ ĂzwLÊùĉ½v¹¾z¾ć  ÿv¿ I½Āý ºþýwù$ĉĂ  ¹ĉº  ĉw Ä~ù¿ĊĂþ  ¾¬þù IºLÉwz #

vÀåv ĂzĉÈ  wÖ·ć  wú£ ½¹ óºùĉÀ  vĉü  Ă¤Å¹)¢Åv āºÉ wă 

͈-̺-  ö´£Ċô  ¾£wù ÃwÅv ¾z óºù ¹¾îöúÝĉÄ  

ò¤æÉj Ĉ ówù¾ý  āºÉ 

¾£wùĉÄ  ò¤æLLLÉjĈ  ówù¾ý  āºLLLÉ,    û¿vĀ¤ùwý ¾§v Èăwí ½ĀÚþù Ăz

ĂýĀúý ¹vºÞ£ û¹ĀzÃĒí ½¹ wăwăć  ù ā¹wæ¤LLÅv äö¤¸ùĈ¹ĀLLÉv ½¹ )ĉü  

¾£wLùĉIÄ  ¹½ ½¹ ½vºLêù ¾ăĉä    ĂLz ÓĀz¾ù Lĉì    ôLí ÛĀú¬ù ¾z ÃĒí

ĂýĀúýwăć   LLLÆê£ ÃĒí ûwLúăĊø ùĈ¹ĀLLLÉv )ĉü  j¾åĉIºþ  ¹wLêùĉ¾    Ăz v½

¡½ĀLÍ    ºLÍ½¹ĉw  wúý ¢{LÆýĉÈ  ùĈºă¹  ù ûwLÊý ĂíĈºă¹    Ă¯ óºù

¤{LÆýĈ ĂýĀúý ¿vwăć  ¤LÅ½¹ Ăz v½ ÃĒí ¾ăĈ  ĉw  ¤LÅ½¹wýĈ  Ăê{Õ ºþzć  

¾£wù ¿v ā¹wæ¤LÅv )¢LÅv ā¹¾íĉÄ  ù ¦Ýwz āºLÉ ówù¾ýĈ¹ĀLÉ    ¹¾îöúÝ Ăí

ÃĒí ½¹ óºùwăĈĉ  ĂýĀúý ¹vºÞ£ Ăíwăć  ¤LLÅ½¹ Ăz ¢LLÅv ¾¤úí wĄýjĈ  

¿½v ôLzwLé LĉzwĈ   L£ ¿v ÿ ºLLLÉwLz§wĊ¾  ÃĒí û¹Āz yLõwLáwLăć ¾~    ½¹ ¹vºLÞ£

¾£wLùĉÄ  ñĀö« ÷wL·Ċ¾ć  ¹ ¡½wL{Ý ĂLz )¹ĀLLLÉĉI¾ò  vĉü    ûwLîùv Çÿ½

wêùĉĂÆ  é¹ ÿ Ăýđ¹wÝĊè¾£  zĊü  ÃĒíù øăv¾å v½ wăĈºþí  ö´£ ÿĊôwăć  

úÝ v½ óºù äÞÑ ÿ ¡Āé Ówêý Ăz ÓĀz¾ùĊè¾£  øĄå ôzwé ÿù ¾£Ĉ¹¿wÅ) 

 ôîÉ1( ¾£wù ½v¹ĀúýĉÄ ò¤æÉjĈ āºÉ ówù¾ý Ç¿Āùj óºù¹ĉ āº 
Fig 6. Normalized Confusion Matrix of the Trained 

Model 

 LLÅ½¾zĈ  ¾£wùĉÄ  ò¤æLLÉjĈ  āºLLÉ ówù¾ý  ù ûwLLÊýĈºă¹    óºù Ăí

~Ċ¹wĄþÊć  {Åwþù ¢é¹ ¿vĈ  Ăê{Õ ½¹ºþzć  ÌĊ¸Ê£ ÿ   ¾¨ívĂ¤Å¹wăć  

zĊ½wúć  Ăz )¢LÅv ā¹Āz ½v¹½Ā·¾z  IÌ¸LÊù ½ĀÕĂ¤LÅ¹wăć  Ĉò¤·ĀLÅ  

 
1 Normalized Confusion Matrix 

  IĂåĀîLÉ  Ăîõ  Ĉñ¾zĂĉÿv¿½v¹  I  ûwăwĊñ¹wêù wz Ĉñ¾z Ăîõ ÿ øõwLÅĉ¾    ¢é¹

āºLLLÉ ówLù¾ý  £¾£ ĂLz LĊy  wLz ¾zv¾z ++*, I4/*+  I4/*+    ÿ4.*+  ¹¾îöúÝ I

 LÆzĊ½w  zĀöÖùĈ  ā¹v¹ ûwLÊý ¹Ā· ¿vºýv  $  ôîLÉ1#v )ĉü  w¤ýĉª  zĊ¾òýw    ûj

ºþ¤LÆă  wăĀòõv ¢LÅv Ă¤LÆývĀ£ óºù Ăíć  ć¾ăwÙ  ÿ ÿĉñÂĈwăć  wú¤ù ĉÀ  

vĉü  zĊ½wúćwă  zĀ· Ăz v½Ĉ  ñ v¾åĊ¹¾  wLLLÅ ¿v đwz ¢é¹ wz ÿĉ¾  Ă¤LLLÅ¹  wă

îæ£Ċì  wúýĉº) 

wLz vĉü ·¾z ½¹ óºLù ¹¾îöúÝ IówL³Ĉ  ĂL¤LLLÅ¹wLăć ¹ĉ¾ò    ÈõwL̄  wLz

  IĂýĀúý ûvĀþÝ Ăz )¢LÅv ā¹Āz āv¾úăĂ¤LÅ¹  ĈñºĊLÅĀ~  ¿Āþív¾¤ýj  āĀĊù    wz

  ¢é¹āºLLLÉ ówù¾ý  3+*+    ÿĂ¤LLLÅ¹    ¢é¹ wz ć¾¤LLLÆíw· ì í3.*+  I

ûwLLÊý{LLÆý Èăwí āºþă¹Ĉ wêù ½¹ ¢é¹ĉĂLLÆ    wzĂ¤LLÅ¹wăĉĈ    ºþýwù

Ă¤LÅ¹ûj ½¹ óºù Ăí ¢LÆă ¿½wz wĉ yõwá ćwăxĀöÖù ¹¾îöúÝ wă  ć¾£

¢Åv Ă¤Év¹Ăz )ÿĉIāÂ  ½¹ óºù ¹¾îöúÝ ¢ĊÞÑÿ Ăz Ă«Ā£  Ă¤Å¹    ëºĊæÅ

ć½¹Ā~    wLĄþ£ ¢Lé¹ wLz āĀĊù20*+    ÿć½¹Ā~ ëºLĊæLLLÅ    wLz ï¾z3-*+  I

zĊ¾òýw  ¸LLÊ£ ½¹ óºù Ăí ¢LLÅv ûjĊÌ ´LLÍĊ²  vĉü    ÿ¹Ă¤LLÅ¹   ¿v Ăí

ÿ ×w´õĉñÂĈwăć  ¾ăwÙć    ĂzwÊ£ ćv½v¹āwñ ÿ  ½w¯¹  øăýwÉĀ~Ĉ  ºþ¤Æă  I

øñ½¹¾LÅ  ā¹¾í ôúÝ  v )¢LÅvĉü  õ¹ Ăz Mđwú¤³v ĂõmLÆùĊô  ¤åwz ¢ăw{LÉĈI  

òý½Ĉ  ½w¤·wÅ ÿć  zĊü  ³vĀýĈ    ć½wúĊz Ăz ā¹Āõj  ÿÄ~ù¿ĊĂþwăć    ĂzwÊù

)¢Åv ā¹v¹ µ½ 

¿v  ã¾Õ  ¾òĉ¹I  Ă¤LLLÅ¹  w~ ¢é¹ wz ĂþĊù¿ Ä~Ċĉü  ñºþív¾~ ÿĈ    đwz

~ ½¹ĊÈzĊþĈ  v¾z āw{¤LÉvć  wLÅĉ¾  Ă¤LÅ¹Èõw¯ Iwăòýv¾zĊ¾£Àĉü  È¸z    ¿v

¹¾îöúÝ  ù xĀLLLÆ´ù óºLùĈ¹ĀLLLÉv¾z )ć  ¹wLêù IĂLýĀúýĉ¾  áĊôLzwLé¾  

øLÊ¯  ĈLÉĀ~ĂýĀúý ¿vwăć  Ăz ÓĀz¾ù Ă¤LÅ¹wăć  ć¾¤LÆíw· ì í $,2  

#ºLLÍ½¹  Ić½¹Ā~ ëºĊæLLÅ  āĀĊù  $-0  #ºLLÍ½¹  ¤³ ÿĈ   āwĊñ$ øõwLLÅ0  

ºLÍ½¹¤LÉv Ăz #āw{  Ăê{Õ ĂþĊù¿ Ä~ ûvĀþÝ Ăzºþzć  āºLÉv )ºývĉü    wÖ·

ùĈºývĀ£  ÉwýĈ  ¢ăw{É ¿vwăć  ć¾ăwÙ  ùĊûw  ³vĀýĈ    øõwÅĉw  øí  wz øtĒÝ

Ä~ù¿ĊĂþwăć  ñĊăwĈ ĉw  ´ùĊÖĈ  þ°úă )ºLÉwzĊü -3  ºLÍ½¹   ¹½vĀù ¿v

Ă¤LLÅ¹  ý ĂþĊù¿ Ä~ĊÀ  Ă¤å¾ñ ½v¾é øõwLLÅ Ă¤LLÅ¹ ½¹ āw{¤LLÉv Ăz  Ăí ºýv

øí ówú¤³vtĒÝ û¹Āz ðý½ø  ÿwLLÎ£ ½¹ĉ¾  Ä~ù¿ĊĂþ  ĉw  åwí ÛĀþ£ ÷ºÝĈ  

ā¹v¹ù ±¾Öù v½ wăĈºþí) 

¿v  öí ¹¾îöúÝ ¾ÚþùĈI  îæ£ ½¹ óºLù LĊì  ĂL¤LLLÅ¹wLăć    ÿ yLõwLá

zĀöÖù ¹¾îöúÝ Ì¸LLLÊùĈ    wLz ĂLĄ«vĀù ½¹ wLùv I¹½v¹ĂL¤LLLÅ¹wLăć    wLz

ÿĉñÂĈwăć    ûwLÉĀ úăĉw  øí  ºþýwù$ ĂýĀúýć½¹Ā~ ëºĊæLÅ    Ä~ ÿ āĀĊù

v )¢LLLÅv āºLLLÉ ¢Lé¹ ÈăwLí ½wL̄ ¹ #ĂLþĊù¿ĉü ÞLLLÑÿ LĊ¢  ùĈºLývĀ£    wLz

wLă½wLîăv½Ĉĉ  vÀåv ûĀ°úăĉÈ v¾z ā¹v¹ ø¬³ć ĂL¤LLLÅ¹wLăć  øí  IĂLýĀúý

Çÿ½ ¿v ā¹wæ¤LLÅvwăć  vÀåvĉÈ  ¹v¹ā~ IĊā¹w¿wLLÅć  óºùwăć  ¸LLÊ£Ċ Ì 

þ¤{ùĈ ³vĀý ¾zĈ    ÿ ĂL«Ā£ Lĉw  ā¾ĄzñĊ¾ć  ¿ ÜzvĀ£ ¿v Lĉûw  û¿ÿÚý ½v¹Ċ¾    ÜzwL£

Àí¾ú¤ù ûwĉ¿    ¹Ā{Ązĉºzw) 

w¤ý IÛĀú¬ù ½¹ĉª  ¾£wù ¿v ôLÍw³ĉÄ  ò¤æLÉjĈ  ówù¾ý  m£ āºLÉĊĉ º 

ùĈºþí  ºþúývĀ£ ¿v óºù Ăíć  đwzĈĉ  ¸LLLÊ£ ½¹ĊÌ Ă¤LLLÅ¹wăć    I¿½wz



     Āõ½ĀúĊ£ Ĉ·¾å ÿ ć¹wă¾å                        ā½ÿ¹ *ć¿½ÿwÊí ûĀĊÅvÀĊýwîù Ăĉ¾Êý,+    ā½wúÉ.  *    ówÅ,/+/                                 ͉͉ 

 

 

ĉþÞĈ  ÃĒíwLăĈĉ ÿ ĂLíĉñÂĈwLăć  ć¾ăwLÙ  ûj  ¢LåwLz IðLý½ ºLþýwLù$ wLă Lĉw  

wÅ Ăz ¢{Æý #ôîÉĉ¾  Ă¤Å¹wú¤ù wăĉÀ  ôzwé ÿîæ£Ċì¾£    ½v¹½Ā·¾z I¢Åv

v wz )¢LLÅvĉü  Ăz Iów³Úþù½Ā  vÀåvĉÈ  özwéĊ¢  v¾LLÉ ½¹ óºù ¹wú¤Ýv ĉÔ  

ÞévÿĈ  ā¹v¹ ÿwăć  ~Ċ° LĊāºI¾£  ĄzĊĂþ¿wLLLÅćwăć  ³v¾Õ ½¹ ºþúåºăĈ    ÿ

ÍĀ£ óºù Ç¿ĀùjĊĂ  ùĈ¹ĀÉ) 

ĂLê{Õ ½¹ óºLùºLþzć  zĊ½wLúćwLăĈĉ  åwLí ā¹v¹ wLzĈ  ÿ ÿĉñÂĈ wLăć  

ć¾ăwÙ   LLÆz ¹¾îöúÝ ¿½wzĊ½w  zĀ·Ĉ  Ăê{Õ ½¹ wùv I¢LLÅv Ă¤LLÉv¹ ºþzć  

Ă¤LÅ¹wăĈĉ ā¹v¹ wzwăć    ¾¤úíĉw ½w¤·wLÅ ¢ăw{LÉć  wLÅ wzĉ¾  Ă¤LÅ¹  wz wă

Èõw¯wăĈĉ  Ăzÿ½)¢Åÿ½ 

͉-̺-  ¹¾îöúÝ ĂÆĉwêùóºùćwă  äö¤¸ù 

¢LĄ«  ¿½v LĉzwĈ  ~ óºLù ¹¾îöúÝĊ¹wLĄþLLLÊć  YOLO11L  I  ¹¾îöúÝ

óºù ¿v Ă¸Æý ½wĄ¯ wz ûj  YOLOv8 (n, m, l, x)  Ąz óºù ÿĊĂþāºÉ  

D-YOLO wêùĉĂLÆ  ºLÉ  $Van Tran et al., 2024; Wu et al., 

2025#Þù ) LĊwLă½wć  ¿½v LĉzwĈ ù ôLùwLLLÉ LĊòýwĊü   ĂLýwL¤LLLÅj ½¹ ¢Lé¹0*+  

$mAP@50ývĀ·¿wz I#Ĉ  ù ¢é¹ ÿĈºþLÉwzw¤ý )ĉª wù¿j ¿v ôLÍw³ĉ Èwă  

  ½¹  óÿº«.  )¢Åv āºÉ ĂÍĒ· 

óºù  YOLO11L  IĂÞõwÖù üĉv ½¹ Ăí    I¢LÅv āºLÉ ā¹v¹ Ç¿Āùj

Þù ĂÅ ¾ă ½¹Ċ½w  ¿½vĉzwĈ    ¾Úýºù¾¤Ąz ¹¾îöúÝć  wÅ Ăz ¢{Æýĉ¾  óºù  wă

v )¢LLLÅv ā¹v¹ Ătv½vĉü    Ăz ¢LLLÆývĀ£ óºùmAP@50 ó¹wÞù  4+4*+  

¢LÅ¹  ĉºzw  ¾£đwz Ăíĉü  ù ½¹ ½vºêùĊûw  ùwú£Ĉ  óºùwăć  wêùĉĂLÆāºLÉ  

þ°úă )¢LLLÅvĊü  ùĊûvÀ  ývĀ·¿wLz Ĉ31.*+  ÿ    ¢Lé¹331*+    üĉv óºLù

Ċz ĂÞõwÖù¾òýw  özwéĊ¢  đwzûj ć  ¸LLÊ£ ½¹ĊÌ  é¹ ÿ ôùwíĊè   LLÉvĊ iw    ½¹

ÿwÎ£ĉ¾  ¹ÿ½ÿć  ùĈºÉwz) 

 óÿº«.( wêùĉĂÆ  ¹¾îöúÝ ºþ¯óºù ¸Ê£ĊÌ zĊ½wúćwăć  

¡Ā£òý¾åĈ 
Table 3. Comparison of the performance of strawberry 

disease detection models 

½¹  wêùĉĂLÆ  óºù wzwăć  YOLOv8ù āºăwLÊù IĈ¹ĀLÉ    Ă¯¾ñv Ăí

vÀåvĉÈ  óºLù ā¿vºLýv$ ĀýwLý ĂĻ LLLÆý ¿v wLăYOLOv8nĂĻ LLLÆý ĂLz # wLăć  

ï½Àz$ ¾£YOLOv8x{LÆý ¹Ā{Ąz ¦Ýwz #Ĉ  ývĀ·¿wz ½¹Ĉ  ùĈI¹ĀLÉ    wùv

vĉü   ÈăwLí wLz ā½vĀúă ºLýÿ½ Lĉw    )¢LLLÅv ā¹Āz āv¾úă ¢Lé¹ ½¹ ûwLLLÅĀý

Ăz  óºù Iów¨ù ûvĀþÝYOLOv8m  vÀåv ¹Ā«ÿ wzĉÈ  ~Ċ°ĊñºĈ    ¢{LÆý

  ĂzYOLOv8n¾¤úí ¢é¹ Ić  $213*+  #¹½v¹) 

óºù  D-YOLO ýĊÀ  õĀ{é ôzwé ¹¾îöúÝĈ    wz ÿ ā¹v¹ ûwLÊý ¹Ā· ¿v

mAP@50  ó¹wLÞù  4+0*+I   Lĉ¹Àýì¾£ĉü    ĂLz óºLùYOLO11L    ¿v

ù ¾Úý LĊòýwĊü  ÔLLLÅĀ¤ù  ù xĀLLLÆ´ù ¢Lé¹Ĉ¹ĀLLLÉv wLz )ĉü    IówL³

YOLO11L  ¿½v Ì·wLÉ ĂLÅ ¾ă ½¹ĉzwĈI  ¾¤Ąz ¹¾îöúÝć    Ăí Ă¤LÉv¹

ûwLLLÊý½wLúÞù ¹Ā{Ąz āºLþă¹ć   LLLÊ¸z¾§v ÿĈ Çÿ½wLăć  ĂLz  ½¹ ĂL¤å½½wLí

jÇ¿Āù  ~ óºùĊ¹wĄþÊć  )¢Åv 

ĂLz½ĀÕ  öíĈI  wL¤ýĉª  óºLù  ć¿wLLLLÅù ûwLLLLÊýĈºLă¹    óºLù ĂLí

YOLO11L  í¾£ wLz LĊy  ývĀ·¿wLz ÿ đwLz ¢Lé¹ ¿v yLLLÅwLþùĈ   IxĀöÖù

óºù Ăz ¢{LLÆýwăć  w~ĉĂ  Ąz ÿĊĂþāºLLÉ  ¾£¾z ¹¾îöúÝ ¹Ā«Āùć    ÿ ¹½v¹

ùĈºývĀ£  wă¹¾z½wí ½¹ć  öúÝĈ  ¸LÊ£ĊÌ v LÉĊwIi  ĂzÿĉāÂ  ½wþLÅ ½¹ĉwăĀĈĉ  

 Ăí  Ăz ĈzwĊ¤LÅ¹đwz ¢é¹  ûj ½¹wă  ć½ÿ¾LÑ    ½v¾é ā¹wæ¤LÅv ¹½Āù I¢LÅv

ñĊ¹¾) 

-͈ Ă¬Ċ¤ý ĈĉwĄý ć¾Ċñ 

vĉü    ĂÞLÅĀ£ Ăz ĂÞõwÖùĉì  ~ ĂýwùwLÅĊĂ¤å¾LÊ  ¸LÊ£ĊÌ zĊ½wúć wăć  

¡Ā£òý¾åĈ  þ¤{ùĈ  ½wLúÞù ¾zć  ĂLz  ¿ÿ½YOLO11L    ¾¬þù  ºLLLÉ ĂLí

¤LÅ¹ Ăz èåĀùĊzwĈ  ù ĂzĊòýwĊü  ÔLÅĀ¤ù    ¢é¹4*4+  ºLÍ½¹    Ăýw¤LÅj ½¹

ºLLÍ½¹ āw¬þ~ $mAP@50#  ~ óºù )ºLLÉĊ¹wĄþLLÊćI  wLLÅwþLLÉ ½¹Ĉĉ  

zĊ½wúćwăĈĉ    øtĒÝ wzć¾ăwÙ    Ăöú« ¿v Ì¸LLÊùĈò¤·ĀLLÅ    ĂåĀîLLÉ

$¹¢é  0*44  ºÍ½¹  #ÿ  Ăîõ  Ĉñ¾z  ¢é¹$  .*4/  ºÍ½¹  #ć¹¾îöúÝ  ÆzĊ½w  

zĀöÖùv½ Ĉ  v wz )¹v¹ ûwLLÊý ¹Ā· ¿vĉü  Ăê{Õ ½¹ Iów³ºþzć  zĊ½wúćwă    wz

ĂýwLLÊýwăć  ¾ăwÙć  Úý ĂzwLLÊùĊ¾  æLLÅĊëº  ½¹Ā~ć  ùĊāĀ  ¢é¹$  2*3-  

ºLÍ½¹  #ÿ  ì í ć¾¤LÆíw·  ¢é¹$  ,*34  ºLÍ½¹#I  ¢åv  Ĉ{LÆý    ½¹  ûvÀĊù

Éwý Mw£ºúÝ Ăí ºÉ āºăwÊù ¢é¹Ĉ  öí ôùwÝ ÿ¹ ¿vĊºć  $ 5¹Āz,åwíwý #Ĉ  

ā¹v¹ û¹Āzwăć   LLÉ¿ĀùjĈ  v¾zć  vĉü  Ă¤LLÅ¹$ ÿ wă-øă #ýwLLÉĀ~Ĉ    ½¹ đwz

wăĀòõvć  ć¾ăwÙ  ùĊûw  ûjwă) 

¿v  þå ¾ÚþùĈI  vĉü  ÈăÿÂ~  ºLþ¯ĉü  ½ÿjĀýć  ôLzwLéĂL«Ā£    ĂLtv½v v½

³v¾Õ I¢LÆ¸ý )¢LÅv ā¹ĀúýĈ  ~ ÿĊā¹w¿wLÅć  zĀ¯½w¯ èåĀùĈ  þ¤{ùĈ   ¾z

YOLO11L  wývĀ£ ĂíĈĉ  wLLÅwþLLÉĈĉ  wăĀòõvć  ~Ċ°Ċāº  ĀLLÎ£ĉ¾ć    ½¹

ā¹v¹wăć  ñĊăwĈ  Ąz I÷ÿ¹ )¢LLÅv½v¹ v½ĊĂþ¿wLLÅć  j¾å Üùw«ĉºþ    Ç¿Āùj

¾Õ ¿v óºLùĉè  ĂLzñ½wLíĊ¾ć  þî£ LĊìwLăć  ~ĊĂL¤å¾LLLÊvć  ÚýĊ¾  ā¹v¹vÀåvĈĉ  

Úþ£ IºLþúåºLăĊø  wLă ½wLí¹Ā·ĉ wLă¾¤ùv½wL~¾   ā¾Ąz wLzñĊ¾ć  ½Āòõv ¿vĉø¤  

Ā¬¤LLÆ«ć  Optuna¿ ÜzvĀ£ ¿v ā¹wæ¤LLÅv ÿ Iĉûw   LLÎLLÎ¸£Ĉ   ãºă wz

vÀåvĉÈ  w~ ÿ ¢é¹ĉ½vºć  ö´£ ÷w¬ýv I÷ĀÅ )óºùĊôwăć  é¹Ċè  ÷wÚý ÿ  ºþù

~ĊûĀùv¾  ½wþLLÅ ½¹ óºù ¹¾îöúÝĉwăĀć  ¸LLÊ£ äö¤¸ùĊIÌ þù Ăz½ĀÚ  

wÅwþÉĈĉ  ³vĀýĈ  ½wúÞù äÞÑ ÿ ¡Āéć  ~Ċ¹wĄþÊć) 

v ĂLùv¹v ½¹ĉü ~ IÈăÿÂ~Ċ¹wLĄþLLLÊ ùĈ¹ĀLLLÉ ā¹v¹ ĂLþùv¹ ĂLí wLăć  

 LLÉ¿ĀùjĈ  z ÛĀþ£ wzĊ¾¤LLÊć  v¾LLÉ ¿vĉÔ  ½ĀýćI  Ä~ù¿ĊĂþwă    ô³v¾ù ÿ

¡Ā£ ºLÉ½ äö¤¸ùòý¾åĈ    Ç¾¤LÆñĉºzw    óºù w£YOLO11    ½¹ ºývĀ¤z

´ùĊÔwăć  ÞévÿĈ  ¾¤Ąz ¹¾îöúÝ ûĀñwýĀñ Û½vÀù ÿć  ºÉwz Ă¤Év¹  āÿĒÝ )

 ¢é¹ ÔÅĀ¤ù üĊòýwĊù ývĀ·¿wzĈ$R # 

Recall 
$¢é¹P# 

Precision 
óºù 

Model mAP@50 

0.879 0.845 0.850 YOLOv8n 
0.868 0.828 0.768 YOLOv8m 
0.865 0.809 0.809 YOLOv8l 
0.860 0.819 0.819 YOLOv8x 
0.905 0.854 0.876 D-YOLO 

0.909 0.863 0.886 YOLO11L 



͉͊                                                                                                        z Çÿ½ ¹¾z½wíĊwþĈĉ  ÉwùĊü  ÌĊ¸Ê£ ½¹   ć½wúĊz)))ćwă   

 

 

 

v ¾zĉIü  ÿwLLLÎ£ ¿v ā¹wLæ¤LLLÅvĉ¾  Lþ¯ÕºĊæĈ,   Lĉw  Õv¾åĊæĈ-  ùĈºLývĀ£   ĂLz

wLÅwþLÉĈĉ  õÿv øtĒÝĊĂ  zĊ½wúćwă  á øLÊ¯ wz ĂíĊ²öLÆù¾    āºăwLÊù ôzwé

ýĊIºLþ¤LLLÆ   ÷wLá¹v )ºLþí ìLúíYOLO11  Çÿ½ wLzwLăć Ä~Ç¿v¹¾~  

ĀLLÎ£ĉ¾  ½Āòõv ÿĉø¤wăć  ö´£Ċô  ýwù¿Ĉ.  ýĊÀ  ùĈºývĀ£  w~ ĂzĉÈ  ~ĊĂ¤LLÅĀ  

ĒLÅ¢ù  ñĊāw  ~ ÿĊÈzĊþĈ  ~ ºýÿ½Ċ¢å¾LÊ  zĊ½wúć  ù¿ ½¹ )¹ĀLÉ ¾¬þùĊĂþ  

Å½¾z Ióºù ¹¾îöúÝ ¹Ā{ĄzĈ  Ă¸Æýwăć  ĄzĊĂþāºÉ  YOLO    ā¹wæ¤Åv wz

½Āòõv ¿vĉø¤wăć  Ăî{É û¿ÿ Èăwí/  ¤ývĀí ÿĊÅvÀĊûĀ0  v¾zć  ~Ċā¹w ¿wÅć  

āwò¤LÅ¹ ½¹wăć  øíÚý ¡½ºéĊ¾    wă¹w Ą~ĉw  ¡wz½wăć  ĂÝ½Àùvć   LÍĀ£ĊĂ  

ùĈ¹ĀLÉþ°úă )ĊIü   ĂÞLÅĀ£ĉì    ºývĀ¤z Ăí ºþúLÉĀă ½vºLÊă ĂýwùwLÅ

w¤ýĉª wLÅwþLÉĈĉ  Ăz v½ýj ¡½ĀLÍĈ  ù Iºþí ówLÅ½v ûv¿½ÿwLÊí ĂzĈºývĀ£  

öúÝ ¹¾z½wLíĈ vĉü  ºLù ½¹ v½ ÈăÿÂ~ĉ¾ Lĉ¢  ù ĂLz Û½vÀù ºLþúLLLÉĀăĊûvÀ  

Ą«Ā£ ôzwéĈ  vÀåvĉÈ  )ºă¹ 

¿v  ¹ĉāwñº   ¹¾z½wíćI   Ătv½v ĂýwùwÅå¾Ù āºÉĊ¢  ôzwéĄ«Ā£Ĉ    ½¹ ¹Ā{Ąz  

 wă½wîăv½ć  ºùĉ¾ĉ¢  zĊ½wú ćwăć  ñĊăwĈ  ¾Õ ¿vĉè  wă¹¾z½wíĈĉ  ÚýĊ ¾  

w~ĉÈ  Ăýw¸öñ ÿ Û½vÀù ºþúÉĀăæö£ IwăĊè    wzĂýwùwÅwăć    ûÿºz ¹¾zvĀă

Êý¾ÅĊü  êù ½¹ ¡½wÚý ¢Ą«ĊÃw  ÅÿĊIÜ  þ°úă ÿĊü    ã¾Îù Èăwí

áĊºþúåºă¾   ¢åjÈí¸Ê£  ĂÖÅvÿ  Ăz  wăĊ Ì  é¹Ċ è  ÞéĀù  ÿĊ¤ Ĉ 

zĊ½wú ćwă   )¹½v¹ 
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