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Abstract

Vision-based crop disease detection is a vital field in contemporary agriculture, significantly contributing to food production
and security. However, the existing object detection algorithms struggle to identify disease regions with low discrimination
and irregular shapes, or the datasets with difficult and inconsistent samples, resulting in poor accuracy under complex field
conditions. To overcome the above challenges, we introduce a framework incorporating a hybrid attention mechanism. The
design elevates the model’s feature discrimination capability for agricultural pathologies. Moreover, a slim dynamic head
is designed to improve adaptability across various sizes and deformable objects. In addition, an original classification loss
function is put forward to overcome common deficiency in available detection losses that leads to the under representation of
both easy and moderately hard samples during the training phase. Also, this paper presents a large and challenging dataset
for crop disease detection. The dataset consists of 12 categories, 136,443 images, and relevant annotation files. This research
marks notable progress in intelligent agriculture and paves the way for integrating artificial intelligence technologies into
farmland practices.
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Crop infections may stem from numerous pathogens such
as fungi, bacteria, and viruses. Different types of pathogens
on crops may have very similar symptoms, leading to a
more complicated judgement of the diseases. Secondly, the
early symptoms of many crop diseases are not obvious and
closely resemble those of normally growing crops. In addi-
tion, accurate determination of crop diseases requires the
use of specialized detection tools and techniques such as
microscopy, nucleic acid testing as well as pathogen iso-
lation and culture [2]. The above approaches are costly,
time-consuming, and challenging, especially for the farm-
ers without any relevant equipment available to determine
the specific crop diseases. As for these issues, there is a trend
towards detection aided by automated algorithms.

Machine learning has been pivotal in exploring the use
of computers for detecting crop diseases. In the early
stages, methods such as the Random Forest classifier were
employed, achieving notable success in classifying crop
diseases with a certain level of accuracy. Additionally, tech-
niques like K-means [3] clustering were applied to group the
data, ensuring the reliability of the clustering results and the
ability to generalize well. However, the above methods faced
limitations such as the inability to precisely locate the distri-
bution of diseases on crops, and in some cases, they struggled
with noisy data or imbalanced datasets, leading to potential
overfitting issues.

With the development of deep learning (DL) technology
and the improvement of hardware, an increasing number of
scholars attempted to use DL for the crop diseases detection.
At the beginning, most researchers tried using DL models
such as Convolutional Neural Networks (CNNSs). The mod-
els with only CNNs achieved high accuracy in classifying
the crop diseases, demonstrating the potential of DL in this
field. However, these early attempts faced challenges like
requiring large amounts of labeled data and high compu-
tational power [4]. Subsequently, some scholars explored
models combining CNNs with structures like Convolutional
Autoencoders (CAEs) [5]. These hybrid models enhanced
disease detection accuracy by lowering the input dimensions
and using the results as input for the CNN. Nevertheless,
they still had limitations in terms of generalization ability
and adaptability to different crop species and diseases types.
To address this, recent advancements have explored general-
ized hybrid models to improve disease classification across
multiple crop species [6]. Overall, while DL shows great
promise in crop disease detection, issues like data reliance,
computational demands, and model interpretability still need
to be addressed.

It is noteworthy that crop disease diagnosis in real-
world farmland environments is fundamentally distinct from
conventional image-level classification tasks [7]. Although
classification models can determine whether a disease is
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present, they cannot provide spatial localization informa-
tion. Object detection methodologies address this limitation
by delivering instance-level predictions with bounding-box
annotations [8]. This approach facilitates precise disease
localization, quantitative assessment of disease propagation,
detailed severity evaluation, and effective discrimination
of co-occurring disease instances [9]. Accordingly, despite
the increased cost of instance-level annotation, we adopt a
detection-oriented framework as it is better aligned with field
deployment requirements.

On the basis of the above investigations, this research aims
to devise a compact multi-scale attention network. This net-
work embeds a dynamic detection head and an improved
Focal Loss to tackle the challenge about detecting complex
samples.

In summary, the key contributions of this study include:

1. A hybrid module combining channel and spatial attention
is designed to enhance the feature extraction ability of the
network.

2. Aslim dynamic detection head derived from the dynamic
head is proposed to make the model more convenient to
deploy.

3. A loss function called Mid-Range Recovery Focal Loss
(MRFL) is designed to solve the medium difficulty sam-
ple problem of Focal Loss suppression.

4. A large-scale and challenging dataset for crop disease
detection is constructed, consisting of 12 categories,
136,443 images, and relevant annotation files, providing
a valuable benchmark for future research in this field.

The narrative that follows is systematically arranged to
facilitate the reader’s comprehension of the principal com-
ponents of this study. Subsequent to the overview of existing
methods for crop disease detection in Section 2, the proposed
methodology is elaborated in Section 3. Section 4 explains
the proposed DCrop12 datasets and the conducted experi-
mental results. Finally, Section 5 provides a comprehensive
summary of this study.

2 Related work

Recently, object detection algorithms are mainly divided into
one-stage detection methods and two-stage detection meth-
ods. The two-stage methods rely on region proposal network,
such as R-CNN series [10-12]. Although two-stage methods
provided high precision, they were limited by the computa-
tional costs. On the contrary, one-stage methods are based
on bounding box regression, including YOLO [13], SSD
[14], RetinaNet [15], and CenterNet [16], which significantly
improved inference speed and computational efficiency. Due
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to the demand for real-time processing in agricultural dis-
eases detection, the one-stage object detection algorithms
are preferred, so their corresponding feature extraction abil-
ity need to be further improved in the existing research
stage. Several recent lightweight YOLO variants have jointly
optimized attention modules and loss functions for crop dis-
ease detection. YOLO-CTBE embeds Triplet Attention in
the backbone and designs EMASIlideLoss to dynamically
adjust IoU thresholds with EMA, improving adaptability to
sample quality variations [17]. YOLO-DP introduces Triplet
Attention and replaces the loss function with EIoU to reduce
position offset and shape mismatch [18]. YOLOv8-RMDA
adopts inner-IoU loss to improve learning ability for small
lesion samples [19]. Despite their demonstrated effective-
ness, these approaches share a common limitation. The
loss functions remain reliant on monotonic or dynamically
adjusted weighting schemes that fail to explicitly address the
specific issue of moderately difficult samples.

Feature extraction plays a crucial role in object detection,
directly affecting the reliability and efficiency [20]. Vari-
ous efforts have been made to enhance feature extraction
in YOLO-based models. For example, based on YOLOX,
the MOD-YOLO introduced the Maintaining the Original
information-Deeply Separable Convolution (MODSConv)
module to replace the CSP layer, decreasing the number
of parameters by 19.7% while maintaining feature integrity
[21]. However, the MODSConv lacked multi-scale object
information, which was crucial for detecting the crop dis-
eases at different scales. In contrast to the above model,
YOLO-MSA integrated Res2Net module with different dila-
tion rates as well as attention mechanisms to improve the
multi-scale feature extraction. Although the YOLO-MSA
has increased by 3.09% mAPsp compared to YOLOX-S, the
multi-branch feature fusion structure in YOLO-MSA results
in an additional 8.05 G FLOPs contrasted with YOLOX-
S, making it unsuitable for real-time applications [22]. In
addition to the YOLO-based architecture, alternative detec-
tion frameworks have also been proposed to optimize feature
extraction while maintaining computational efficiency. For
instance, federated ensemble learning frameworks have been
recently introduced to effectively segment objects across
diverse multi-crop fields [23]. A CenterNet model incorpo-
rating DenseNet-77 reduces the number of parameters while
maintaining accuracy, demonstrating the effectiveness of
dense connections in crop disease detection [24]. Similarly,
the CoffeeNet replaced traditional VGG-16 with ResNet-
50, utilizing channel and spatial attention mechanisms to
enhance effective feature information [25]. However, despite
the stronger robustness demonstrated by CoffeeNet, a single
ResNet-50 backbone cannot effectively capture multi-scale
diseases features, highlighting the need for more advanced
multi-scale feature fusion strategies.

Apart from CNN-based improvements, the self-attention
mechanism of ViTs has been explored in crop disease detec-
tion [26]. However, standard ViT was difficult to capture
fine-grained local textures and cannot fully focus on small
disease areas and complex leaf shapes, as well as has more
parameter quantities [27]. To address this issue, an Edge Fea-
ture Guidance module was introduced to mend the ViT’s
ability to capture local edge details [28]. Despite some
performance improvements, ViT still introduced significant
computational overhead and was still not as effective as
optimized CNN based models, especially in resource con-
strained environments. In recent years, CNN-Transformer
hybrid architectures have been introduced to tackle these con-
straints. A lightweight CNN-Transformer model incorporat-
ing Gray-Aware Attention and Residual Convolutional Block
Attention has been developed for tomato leaf disease clas-
sification, effectively preserving fine-grained details while
capturing global contextual information [29]. A lightweight
fusion model combining Vision Transformer and conditional
convolutional networks was designed for real-time plant dis-
ease identification with only 0.95 M parameters [30]. Despite
these advances, hybrid architectures still incur substantial
computational costs, and their inference latency remains a
barrier for deployment on resource-constrained devices. It is
a research trend to integrate self-attention into the detection
head of YOLO series algorithms. Self-Attention based detec-
tion heads, such as Spatial Context Aware Module (SCAM),
applied multiple branches to capture spatial and channel con-
text information [31]. Although SCAM effectively improved
small object detection, it was highly sensitive to hyperpa-
rameter selection, especially in global pooling operations.
In addition, the efforts had been made to integrate multiple
detection heads into YOLO based models to more effectively
handle objects of various sizes [32]. However, this method
significantly increased the parameter count of the model,
making it prone to overfitting when trained on small datasets,
thus requiring advanced regularization techniques..

Since the imbalanced data problem and the multi-scale
data problem have a significant impact on detection perfor-
mance, loss function optimization is also regarded as key
research point. The Slide Weight Function (SWF) adjusts
sample weights dynamically based on the IoU threshold and
prioritized hard samples to enhance detection robustness. In
order to improve the accuracy of objects, Normalized Wasser-
stein Distance (NWD) loss was proposed to solve the IoU
offset problem, but combining NWD with SWF led to con-
flicts due to different optimization priorities [33]. In addition,
the Focal Loss had been widely used to alleviate class imbal-
ance by diminishing the weight of easy to classify samples
[34]. Dynamic sample-weighting strategies have also been
explored, where weights are adaptively determined based on
sample difficulty. Dynamic Weighting Loss (DWL) adjusts
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sample weights based on ground-truth bounding box area
to favor tiny objects [35]. Further enhancements such as
Focal-Distribution Loss introduced bounding box regular-
ization constraints, while dynamically adjusting loss weights
based on category difficulty [36]. Generalized Focal Loss
(GFL) reformulates classification loss with a quality estima-
tion branch conditioned on IoU, its modulation factor still
monotonically decreases with prediction probability, leav-
ing moderately difficult samples suppressed [37]. However,
these methods typically employ binary or continuous weight-
ing schemes that fail to explicitly object moderately difficult
samples, while also introducing additional computational
overhead due to complex weight adjustments.

Despite significant progress in CNN, vision transformers,
and hybrid methods for the crop diseases detection, there are
still challenges in balancing computational efficiency, fea-
ture extraction robustness, and loss function optimization.
In order to address the existing shortcomings, this research
constructs an efficient crop diseases detection method. On
the one hand, a feature extraction method and a lightweight
detection head are proposed, both of which are based on
attention mechanism. Additionally, an adaptive classification
loss is designed to expand the loss weight of moderately dif-
ficult samples.

3 Methodology

This section first introduces the overall design of the pro-
posed AgriEyeNet model. All of the presented modules and
strategies are plug and play. The proposed improvement
involves the C3k2-FGN, which replaces the C3k2 module
in YOLOvV12 [38] (see details in Section 3.1). Inspired by
the Dynamic Head [39], a Slim Dynamic Head (SDHead) is
designed to enhance detection robustness in multi-scale and
deformation scenes, thereby advancing its practical deploy-
ment in agricultural domains (see details in Section 3.2).
Finally, the MRFL is formulated to address the concern

Backbone

that Focal Loss suppresses moderately difficult samples (see
details in Section 3.3). Figure 1 shows the configuration of
the entire model.

3.1 FGNBlock

The standard convolution lacks the ability of global seman-
tic integration, especially when dealing with objects in
multi-scale or complex background. Although the traditional
channel attention can improve the characteristic response
between channels, it ignores the spatial distribution and posi-
tion information of the object. In order to tackle the problem,
the FGNblock is designed to enhance the representation
of crucial regions and features while maintaining compact-
ness. The FGNblock consists of three main parts, namely
Fast Efficient Channel Attention (FECA), Geometric Spa-
tial Attention (GeoSA), and Non-Linear Mixer (NLM). The
structure of FGNblock and the three auxiliary modules are
visualized in Fig. 2.

3.1.1 FECA

In order to improve the efficiency of information interaction
between channels, a lightweight channel attention mecha-
nism is introduced, and the simplified design is based on
the ECA (Efficient Channel Attention) [40]. The formula for
calculating the convolution kernel size in the original ECA
module is defined by (1).

is even,

LIOgZ(Cin)+a + 1, if lOgZ(Cin)-‘raJ
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LlogzﬁnHaJ i Llogx%nm J s odd

k= ey

where Cij, is the number of input channels, « and 8 mean
hyperparameters.

In the FGNblock, ECA’s adaptive 1D convolution kernel
size is replaced by a fixed value to simplify the original ECA
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Fig.1 The architecture design of AgriEyeNet. Note that the main improvements have been made in backbone, neck and head. Note that there are
two improvements in head, one is module improvement, and the other is the classification loss in classification task
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Fig. 2 The overall structure of FGNblock and its three auxiliary modules are FECA, GeoSA and NLM. SE, TP, and USE are the operations of

squeeze, transpose, and contrary squeeze, respectively

module to reduce computational complexity and improve
stability. This is because lightweight models have fewer con-
volution operation channels, and fixed convolution kernel
size can reduce unnecessary operations. Firstly, the input
characteristic map is adaptively averaged and pooled to
obtain the importance information of each channel as shown
in (2). Then the shape of the pooled result is adjusted for 1D
convolution and formulated as (3).

Y = AAP(X) € REXCxIx1 )

Y = (Squeeze(Y))T e REXIXC (3)

where AAP is adaptive average pooling, Squeeze is to delete
the specified dimension, and 7 represents to transpose, which
is used to exchange the specified dimension. Different from
the fully connected mode of the SE module [41], the 1D
convolution with k=3 is employed to represent dependencies
among neighboring channels and extract correlations across
three consecutive ones (4). The FECA realizes lightweight
and locally sensitive channel attention. The obtained weight
information is normalized to suppress invalid channels and
enhance important channels, and subsequently combined
with the original feature map before being passed to the next
layer (5).

Y” = ConvlDj_3(Y’) € REXIXC 4)
out = X © o (Unsqueeze(Y"T)) e REXCxIx1 5)
where o is the sigmoid function, Unsqueeze is used to

increase dimensions, and © is the broadcast hadamard prod-
uct.

3.1.2 GeoSA

Although FECA reduces computational overhead by learn-
ing local cross-channel information through 1D convolution,

it lacks spatial awareness. The spatial dependent modeling is
important for accurate object localization and edge refine-
ment. There are some spatial attention modules (such as
CBAM [42], SAM [43]) capture spatial information, but they
deal with global averaging or maximum pooling separately,
which will lose basic local texture details.

With the goal of strengthening spatial sensing, GeoSA
utilizes a combination of global and local cues to represent
features. The module captures the important location depen-
dencies by fusing the spatial context information based on
the global average and the positional response. Thus, a spa-
tial attention map is created to modulate feature responses,
striving for a balanced and precise spatial focus. The GeoSA
runs on the intermediate feature graph F e REXCXHXW,
First, calculate the average of all channels to extract the rough
spatial layout of global objects (Eq. (6)). At the same time,
the original features are transformed nonlinearly to generate
a local perception map, which is used to enhance the local
change and spatial discrimination response (Eq. (7)). The
above two parts are fused to form a position feature map.

Fiean = Mean(F,dim = 1) € ]RB><1><H><W ©)

Fiocal = Conviy3(F) € REXIXHxW -

In order to further refine the features and enable the model
to distinguish the disease texture that is difficult to identify,
the large kernel convolution is used to obtain the attention
weight (Eq. (8)). The broadcast hadamard product was used
between attention weight Fypaia and the original feature map.
This process emphasizes spatial position information and
suppresses irrelevant areas.

Fipatial = 0 (Convyx7(Fmean + Flocal)) 3)

The GeoSA is integrated into the FGNblock, following
the intermediate feature of enhancing attention. The chan-
nel attention based on FECA is supplemented by enhancing
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the spatial distribution of features to ensure better alignment
between the learned representation and the object position
prior.

3.1.3 NLM

The Feedforward network (FFN) [44] is the core component
of many deep networks, especially in the transformer-based
model and the current convolution network. It helps enhance
the network’s nonlinear representation after attention or con-
volution operations. However, in convolutional backbone
networks, the FEN is rarely used directly due to space con-
straints and large amount of computation. Inspired by the
hybrid structure (such as CNN + Transformer [45], CNN +
MLP [46], etc.), the NLM is introduced into the bottleneck
to enrich the feature representation and interact with con-
text information without introducing significant overhead.
The function of NLM is to expand the attention obtained by
FECA and GeoSA. In contrast, the NLM preserves the spatial
topology and facilitates efficient pixel by pixel processing.

The NLM uses convolution instead of full connection to
ensure that information is retained, which is crucial for inten-
sive prediction tasks. The use of PWConv (Pointwise Conv)
[47] makes the module lightweight and inserts it into the
structure without significant additional cost.

3.2 SDHead
To elevate the detection ability in scenes with varying scales
and deformations, while maintaining the highly efficient

speed and computing cost, a slim detection head structure
SDHead is proposed. The direct introduction of Dynamic

Index

ReLU

T Deformable S
—>  Sigmoid

Clasiny Conv

Head will have more parameters. Therefore, the Conv Mod-
ule within the detection head is substituted by DWConv
(Depthwise Conv) [47] and PWConv (Pointwise Conv),
which reduces the number of inputs channels and effec-
tively takes into account the detection precision and inference
efficiency. As illustrated in Fig. 3, the SDHead uses three dif-
ferent attention mechanisms in sequence (9).

W(F) = ¢c(es(pL(X) - X) - X) - X C)

where @ is scale-sensitive attention, @g is spatial-sensitive
attention, and ¢ is task-sensitive attention, which is applied
to L, S, and C dimensions respectively. ¢ is expressed by
equation (10).

1
LX) - X =¢(Convixi(sz ) X)) X (10)
S,C

where ¢ (-) is the hard sigmoid function, ¢ (x) = max(0,
min(1l, (x + 1)/2)).

Considering that S contains two dimensions, the next
module needs to be divided into two stages, starting with
learning deformable convolution and then aggregating the
features of each level.

u v
1
os(X) X =23 > wuw F(u; py+Apu; ©)-Amy (1)

u=1v=1

where v represents the number of sparse samples, A p, and
Am,, correspond to the learnable system offset and modula-
tion scalar at index v.

Normalize 4»@« (1,0,0,0)
t
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| * 8
ReLU ‘Q

§

ch =

=

() ()

)
P N/ Ps

@ Broadcast Hadamard Product

Conv Channel Channel
k=1 Shuffle Shuffle

/ oo’

@ Adaptive Average Pooling

Fig.3 The structure of SDHead module, ¢, is scale- sensitive attention, ¢g is spatial- sensitive attention, ¢c is task- sensitive attention. DWConv
and PWConv are lightweight convolution methods, and Channel Shuffle is used to disrupt channels
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@c 1s a task-sensitive attention function, which dynami-
cally switches between different channels to adapt to different
tasks (12).

pc(X)-X =max(e' (X)-Xc+B'(X), o (X)-Xc+B*(X))
(12)

where, 0(-) = [a!, o2, ,31, ,32] is a function that learns and
controls activation. It applies global average pooling on L and
S dimensions to compress dimensions, after which two fully
connected layers and a normalization operation are applied
(see details in Fig. 3).

To minimize parameter growth from the dynamic head, the
convolution module in the original detection head is replaced
by DWConv and PWConv, cutting down the input channels
at the same time. As shown in the lower part of Fig. 3, the
standard convolution is replaced by DWConv and PWConv.
After the above methods, the channel is disrupted by the
Channel Shuffle module [48].

3.3 MRFL

The classification loss is fundamental to object detection
accuracy in computer vision. The current object detection
model used Binary Cross Entropy (BCE) loss as the classi-
fication loss function and can be expressed as equation (13).

Lgcg =

1 N C
— 2 2L log(po) + (1 = yu) log(1 = ()]

n=I1 c=1

(13)

where N is the batch size, C represents the total classes,
yp corresponds to the true class of a sample and p indi-
cates the estimated probability. The traditional BCE not only
performs poorly when the categories are unbalanced, but
also the penalty for misprediction increases exponentially
with the probability difference. Abnormal values are easy to
lead to unstable training or gradient exploding. Focal Loss
is designed to solve class imbalance. As a modulation fac-
tor, (1 — p;)? can adjust the contribution of simple samples
through the y parameter, described by equations (14) and
(15).

N
1
Lioca = =~ Y la(1 = po)” log(p)] (14)
n=1
_ D, if y, =1,
pr= {l—p, others y, =0 (15

The Focal Loss solved the imbalance problem between
difficult and easy samples by restraining the loss from easy
ones and increasing it for hard ones. However, adjusting the y

value of the Focal Loss function will also weaken the weight
of other difficulty samples, as shown in the Fig. 4. While
reducing the loss of simple samples, the modulation factor
also weakens the loss of other difficult samples, especially
the loss of moderately difficult samples.

The total weight of BCE and Focal Loss can be expressed
by equations (16) and (17).

1
I3tg =/0 —log(pdp: = [—plog(p) + pily =1 (16)

B = f (1= po) - (—log(p))dp; (17)

A comparison is to be made regarding the proportion of total
weight associated with moderately difficult samples. The
sample interval can be reasonably assumed to be (LP, HP).
The sum of the weights of BCE and Focal Loss in the mod-
erately difficult samples can be expressed by equations (18)
and (19).

f;“é% = (LP) log(LP) — (HP) log(HP) + HP — LP (18)

HP
Ifoca = / (I = p)” - (—log(py))dpt (19)
LP
I3 all cg and I]g“é% can be calculated directly through the inte-

gral formula as well as I}i‘l ca and I ml a1 can use Romberg

quadrature formula to calculate the approxnnate value. The
approximate process of Romberg quadrature formulato is
as follows. First, divide the integration interval (LP, HP)
into several cells, and initially use the trapezoidal formula
to approximate the integration value (20).

r,0)= g(f(LP) + f(HP)) (20)
where f(p;) = (1—p)V - (—
h =HP —LP.

Then, each iteration subdivides the interval and adds new
function values to obtain a new trapezoidal formula approx-
imation (21).

log(p:)), h is the step size and

2k 1
—T(k—l 0)+h Y fULP+2i—Dh) (1)
i—1

T(k,0) =

where the new step size is % In order to accelerate con-
vergence and improve accuracy, Richardson extrapolation
method is introduced to recursively update the higher-order
integral approximation (22).
T'k,j—1)—-Tk—-1,j—1)

Tk, j)=Tk, j—1 .
(k,j)=Tk,j—-1)+ 71

(22)
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Table 1 Values of Rgcg and Rpocq in different intervals. I}’:‘éicdal is cal-
culated by Romberg quadrature formula

LP HP mid [mid, ReCE(%) Rrocal(%)
0.1 0.9 0.6646 0.3080 66.46 50.40

0.2 0.8 0.4566 0.1680 45.66 27.49

0.3 0.7 0.2885 0.0871 28.85 14.25

0.4 0.6 0.1400 0.0368 14.00 6.02
where j = 1,2, -- -, k. The iteration proceeds until the error

tolerance condition |7 (k, k) — T(k — 1,k — 1)| < € is sat-
isfied.
Figure 5 displays the value of I}';‘(l)lcal. In order to prove

that Focal Loss weakens the proportion of moderately diffi-
mid

cult samples, calculate Rgcg = ;%?—E X 100% and Rpgca) =
BCE

mid
% x 100%. It can be seen from the Table 1 that Focal Loss

Focal

significantly weakens the samples with a prediction proba-
bility of around 0.5 compared with BCE. The MRFL was
designed to surmount the above problem. This method saves
the medium difficulty samples from the suppression of Focal
Loss.

MRFL controls the contribution of different difficulty
samples more finely than Focal Loss. Specifically, we divided
the prediction probability into three intervals and used dif-
ferent weight calculation methods for samples in different
intervals. The expression of MRFL is described by equation
(23).

—( = p)¥log(ps), pr <LP,

MRFL = {  —(4-)"log(ps), LP < p; < HP, (23)
—(1 — p)¥ log(ps), p: > HP

where y = —log(p;), A(> 1) and w are hyperparame-

ters. The y is determined according to the sample prediction
probability of the current batch. The MRFL has a detailed
description in Algorithm 1. For different datasets, these
parameters need to be adjusted differently to achieve the best
performance. Our original intention in designing MRFL is to
reduce the inhibition of the loss of moderately difficult sam-
ples, and adjust the difficulty of simple samples and difficult
samples to realize the weighting of difficult samples.

4 Experimental results
4.1 Dataset
This study utilizes data provided by the National Informa-

tion Society Agency of Korea. The DCropl2 was captured
by Canon EOS 60D. The dataset was collected by the Farm

Algorithm 1 Mid-Range recovery focal loss.

Require: Predictions pred (logits), ground-truth labels true € {0, 1};
hyperparameters: class-balance factor «, upper threshold i, = HT,
lower threshold [, = LT

Ensure: Output loss Loss

: Initialize loss function loss_ fcn < BCEWithLogitsLoss()

2 loss < loss_fcn(pred, true)

: pred_prob < o (pred)

2 pr < true - pred_prob + (1 — true) - (1 — pred_prob)

: pr <= mean(p;)

:y < —log(p; +107%)

: for each sample j do

if p; j > h, then

9 P == pyy

10: elseif p, ; <[, then

11: pgow <= 1.5-p )Y

12: else[/; < p;j < h]

; Y

13: p’/md < (ﬂr,j(islo"">

14:  endif

15: end for

16: modulating_factor < phigh 4 plow 4 pmid

17: Loss < loss - modulating_ factor

18: return Loss

0NN AW =

Hannong Company Limited, Nonghyup University, Yonam
College, Gyeongsangbuk-do Agricultural Research & Exten-
sion Services, and Jeon buktechnopark. Fifteen experts from
Jeonbuktech Park joined the nine-month dataset annotation
task. Since the proposed dataset is large-scale, an image com-
pression technique is used during the data collection phase,
where the images are sampled with a step size of 1. The
pixels of the original image are compressed from 4K to 1K.
The resolution reduction from 4K to 1K inevitably discards
fine-grained texture details that may be critical for identi-
fying small diseases. This trade-off should be considered
when applying the model to datasets with different reso-
lution characteristics. In this study, the data augmentation
techniques used include random perturbations of brightness,
saturation, and contrast, random rotation, as well as mosaic
technology. At the same time, it made feature extraction
more challenging for training. The dataset called DCrop12
contained a total of 136,443 images distributed in 12 cate-
gories, as shown in Fig. 6. The DCrop12 has six crop species
including chili pepper, strawberry, grape, tomato, paprika and
cucumber. Also, there are four different diseases, including
anthracnose, powdery mildew, botrytis cinerea and damping
off. Each kind of crop is divided into two diseases. To be
more specific, strawberry botrytis cinerea, strawberry pow-
dery mildew, cucumber botrytis cinerea, cucumber powder
mildew, tomato powder mildew, tomato botrytis cinerea, chili
pepper anthracnose, chili pepper powder mildew, paprika
powder mildew, paprika damping off, grape anthracnose and
grape botrytis cinerea are sequentially labeled from al to
al2. The specific class names and disease distribution of 12
categories are displayed in Fig. 7.
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Fig.6 Image-specific breakdown of the 12 categories in the DCrop12 dataset

4.2 Experimental environment

In terms of the experiments, we use the Ubuntu 20.04.1 oper-
ating system, which includes 256 GB of RAM, four 48 GB of
NVIDIA RTX A6000 GPUs, and an Intel(R) Xeon(R) Gold
5218N processor running at 2.30 GHz. The build environ-
ment uses Python 3.11.9 and PyTorch 2.5.0. The optimizer
is SGD, and the initial learning rate is set to 0.01. The train-
ing, validation, and testing of the dataset are divided in a ratio
of 8:1:1. To ensure the reliability of the research findings, the

experiments were performed under the same hardware and
software environments.

4.3 Analysis of C3k2-FGN

The experiment aims to validate the effectiveness of FGN-
block in AgriEyeNet. The FGNblock is composed of FECA,
GeoSA and NLM. For a clearer display of the network
model’s attention area, we visually compare our model
with the YOLOvV12, and embed the class activation graph

i

Fig.7 The representative images selected from each category in the DCrop12 dataset
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Fig.8 The labels of original images and Grad-CAM++ results. Column one displays the original images with labels, while columns two and three

show Grad-CAM-++ outputs for the C3k2 and C3k2-FGN models

Grad-CAM++ behind C3k2-FGN to display the attention
area of the model. As shown in the first row of Fig. 8, the
C3k2-FGN pays more attention to plant disease areas, and
can also identify more areas that C3k2 cannot recognize.

To determine the optimal kernel size for the fixed 1D
convolution in FECA, we conducted a comparative ablation
study withk = 1, 3, 5,and 7. Table 2 shows that k = 3 strikes
the optimal balance between detection accuracy and compu-
tational efficiency. The results show that & = 3 achieves the
highest recall, mAP5p, mAP, and F1-score among all config-
urations. The performance degradation at k = 1 and k = 7
further confirms that & = 3 provides the most effective local
cross-channel interaction for the lightweight channel atten-
tion design. Therefore, we adopt k = 3 as the fixed kernel
size in FECA.

The FGNblock adopts serial stacking because spatial
attention benefits from operating on channel-calibrated fea-
tures. When channel attention is applied first, the subsequent

spatial attention can focus on the most discriminative spa-
tial locations within a refined feature space. In contrast,
parallel fusion forces spatial attention to process raw, uncal-
ibrated features, often producing attention maps that are
overly sensitive to background noise. The serial design out-
performs the parallel variant across all metrics in Table 3,
achieving a 1.526% improvement in mAP5p and a 1.322%
improvement in Fl-score. This confirms that the cascaded
coarse-to-fine refinement pipeline provides more effective
feature enhancement than independent branch fusion, par-
ticularly for agricultural disease detection where lesion
boundaries are often subtle and background interference is
severe.

Table 4 provides the analysis of the experimental results
of C3k2-FGN. On the basis of C3k2 module, three mod-
ules in FGNblock are added respectively to evaluate the
overall performance according to precision, recall, and
mAPs5p. The highlight of C3k2-FGN is the integration of

Table 2 Ablation study of

different fixed kernel sizes k in Precision(%) Recall(%) mAPs0(%) mAP(%) F1-score(%)
the FECA. All other settings are 60.037 46.579 50.038 26.593 52.459
identical to the baseline
configuration 3 60.178 47.619 50.423 27.992 53.167

5 61.496 46.746 50.599 27.798 53.116

7 59.342 46.872 49.580 27913 52.375

Bold values represent the best results
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Table 3 Performance

comparison between serial C3k2-FGN Precision(%) Recall(%) mAP50(%) mAP(%) Fl-score(%)
f}a?k'“g and parallel branch Parallel Fusion 60.318 46.521 50.030 26716 52.529
usion
Serial fusion 60.924 48.250 51.556 28.849 53.851

Bold values represent the best results

multidimensional attention and nonlinear mixer enhance-
ment while maintaining light weight, which effectively
improves the ability of feature expression. According to
Table 4, the baseline model achieved 61.167%, 46.348%
and 49.960% precision, recall and mAPs( respectively. Com-
pared with C3k2 module, C3k2-FGN achieves 60.924%
precision, 48.250% recall and 51.156% mAPso. Although
C3k2-FGN did not achieve the highest precision, it was
1.902% and 1.596% higher than C3k2 module in terms of
recall and mAP5, respectively, which was consistent with
the reduction of missed detection rate of C3k2-FGN men-
tioned above.

The progressive improvements in Table 4 reveal a clear
synergistic effect among the three components of FGNblock.
When all three modules are integrated, the mAP50 improve-
ment reaches 1.60%, substantially exceeding the sum of
individual gains. We attribute this super-additive effect to the
complementary nature of the three modules. GeoS A provides
spatial priors that guide FECA’s channel selection toward
disease-relevant regions, while NLM expands the represen-
tational capacity to consolidate the enhanced features from
both attention modules. This cascaded design establishes a
progressive refinement pipeline where each module’s output
serves as an enhanced input for the subsequent module.

4.4 Analysis of SDHead

To examine whether the simplification in SDHead incurs
any loss in deformation modeling capability, we com-
pare its performance with DyHead based on the results in
Table 5. Although SDHead reduces parameters by 54.39%
and FLOPs by 60.71%, its mAPsq is only 0.061% lower
than that of DyHead, while its Fl-score is 0.097% higher.
This marginal difference indicates that the lightweight design
does not substantially degrade the model’s capacity to pro-

cess deformable objects. This stems from the fact that
SDHead retains the three core attention mechanisms of
the original dynamic head, namely scale-sensitive atten-
tion, spatial-sensitive attention, and task-sensitive attention.
The simplification only replaces standard convolutions with
depthwise and pointwise convolutions and reduces input
channels, which mainly affects computational cost rather
than the fundamental deformable modeling logic. In par-
ticular, the spatial-sensitive attention branch still employs
deformable convolution with learnable offsets and modula-
tion scalars, preserving the essential capacity for adapting to
irregular disease shapes. Therefore, SDHead strikes a desir-
able trade-off between efficiency and deformation modeling
capability, making it more suitable for resource-constrained
agricultural deployment.

4.5 Analysis of MRFL

In this part, we study the influence of different LT and HT
values on MRFL. In order to find a set of parameter settings
that perform well on our dataset, we designed six groups of
experiments. The classification loss line chart of the training
process is presented in Fig. 9, and its impact on the model
is compared with the baseline model. Table 6 indicates that
MRFL achieves the best performance when LT and HT are
taken as 0.3 and 0.7.

The recall rate of MRFL rose to 47.028%, outperform-
ing both the BCE baseline and standard Focal Loss. This
improvement is because the baseline model tends to miss
difficult samples, while MRFL focuses on moderately dif-
ficult samples and amplifies their loss. This encourages the
model to reduce missed detections, thereby improving recall.
In addition, some experimental groups showed a marginal
drop in precision. Because over-learning of difficult samples
introduces more false positives, as the boundaries of these

Table4 The C3k2 is used as the

baseline module. Comparison of F Module Metr.ic's (%)
C3K2-FGN with GeoSA, NLM. eature Extractor GeoSA NLM FECA Precision Recall mAP5
FECA and C3k2 C3Kk2 61.167 46.348 49.960
C3k2-FGN v 60.178 47.619 50.423
v v 60.982 47.409 50.986
v v v 60.924 48.250 51.556

Bold values represent the best results
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Table5 The comparison
experiment of SDHead and
other detection heads, including
parameters, FLOPs, mAPs and
F1-score

1.76 [\

1.74 1

Loss

Head Param.(M) FLOPs(G) mAPs50(%)) Fl1-score(%)
Detect [38] 2.55 6.5 49.960 52.736
V10Detect [49] 2.98 8.2 46.999 50.338
RFAHead [50] 3.80 8.0 49.920 52.699
RepHead [51] 3.88 8.0 50.040 52.728
DyHead [39] 4.67 14.0 51.138 53.454
SDHead 2.13 5.5 51.077 53.551
Bold values represent the best results

LT=0.1,HT=0.3

LT=0.1,HT=0.5

LT=0.1,HT=0.7

LT=0.1,HT=0.9

LT=0.3,HT=0.7

LT=0.5,HT=0.7

baseline

10 20

30

Epochs

55T 6o

Fig. 9 MRFL and BCE function curves and local enlarged subgraphs of epoch from 10 to 70. With the increase of training epoch, the loss value

of MRFL with LT=0.3 and HT=0.7 is

the smallest

Table 6 Ablation studies of BCE, Focal Loss and MRFL with different super-parametric forms in precision, recall, mAPs and F1-score

Hyperparameter LT HT Precision (%) Recall (%) mAPs5q (%) Fl-score (%)
BCE (Baseline) — — 61.167 46.348 49.960 52.736
Focal Loss — — 60.094 46.702 50.431 52.558
MRFL Hyperparameter combinations 0.1 0.3 60.698 46.495 50.008 52.656

0.1 0.5 60.543 46.330 49.693 52.491

0.1 0.7 61.477 46.245 50.316 52.784

0.1 0.9 59.700 46.782 49.992 52.457

0.3 0.7 61.366 47.028 50.613 53.249

0.5 0.7 61.083 46.839 50.424 53.021

Bold values represent the best results
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Z;’l’: ;OdT;Z icl‘q’rt‘}‘f;agsc"r‘(‘)]ﬁi;h Model Param. (M)  FLOPs(G)  Precision (%)  Recall (%)  mAPsy (%)
dataset SSD [53] 34 34 51.742 43.615 48.537

YOLOVS5 [54] 251 72 52.013 48.372 49.360
Mask-RCNN [55] 31 178 54.914 52.468 50.926
DETR [56] 39 28 53.278 49.751 50.230
DAB-DETR [57] 43 81 52.666 51.934 49.813
Deformable-DETR [52] 41 157 52.112 53.491 50.419
DN-DETR [58] 44 94 51.598 48.264 49.423
YOLOVS [59] 3.01 8.2 60.373 46.370 49710
YOLOV12 [38] 257 6.5 61.167 46.348 49.960
YOLOV13 [60] 2.46 6.4 60.345 46.954 50.280
AgriEyeNet 2.13 55 61.316 49.006 52.330

Bold values represent the best results

samples are ambiguous and difficult to distinguish. Conse-
quently, some false predictions are made with overconfident
positive predictions, slightly reducing precision.

4.6 Model performance

In this section, a comprehensive comparison based on pro-
posed DCropl2 dataset to further assess the effectiveness
of AgriEyeNet. To be fair, we did not adjust the default
resolution of each model to evaluate performance at the
default input image size. Table 7 demonstrates that the pro-
posed AgriEyeNet achieved the best results across multiple
indicators. Collectively, the parameter quantity and calcu-
lation quantity of AgriEyeNet were only 2.13 M and 5.5 G,
respectively. With fewer parameters and lower computational
cost, AgriEyeNet achieved the highest precision of 61.316%.
The recall rate of AgriEyeNet is 49.006%, which is 4.485%
lower than the highest recall rate Deformable DETR [52].
This discrepancy can be attributed to three factors specific
to agricultural disease detection. First, Deformable DETR’s
deformable attention enables flexible query sampling across
spatial locations, which effectively covers diverse disease
regions and reduces false negatives. However, this flexibil-
ity also introduces a higher number of false positives, as the
attention module struggles to distinguish disease lesions from

visually similar background structures such as senescent
leaf tissues or shadow patterns, resulting in lower precision.
Second, crop disease lesions frequently exhibit irregular,
fragmented, or faded boundaries that do not conform to the
object-centric inductive bias of standard transformer atten-
tion, making precise localization challenging and reducing
the IoU. Deformable DETR relies on a fixed set of object
queries without explicit modeling of intra-class variability
in disease morphology, which is substantial across differ-
ent growth stages and pathogen strains. Our AgriEyeNet, by
contrast, employs a CNN backbone with dedicated spatial-
channel attention and a lightweight deformable detection
head specifically tuned for agricultural pathologies, achiev-
ing better precision and a superior precision-recall balance.
The mAPs( of AgriEyeNet reached an impressive 52.330%,
so our improvement is effective. As shown in Table §, the
incremental addition of each module yields steady gains
in recall and mAP50, and the complete model attains the
best overall performance. This consolidated view facilitates
a clear evaluation of the separate and joint contributions of
C3k2-FGN, SDHead, and MRFL.

In this experiment, the images with different disease
degrees were tested and evaluated against the baseline model
in Fig. 10. The image describes 4 categories of crop dis-
eases, which are annotated with bounding boxes and labels.

Table 8 Stepwise ablation of

C3k2-FGN, SDHead, and Model C3k2-FGN SDHead MRFL Precision(%) Recall(%) mAP50(%)
MREFL on the DCropl2 dataset 5o ipveNet 61.167 46.348 49.960

v 60.924 48.250 51.556

v v 61.041 48.689 51.418

v v v 61.316 49.006 52.330

Bold values represent the best results
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Fig. 10 The test results of YOLOv12 and AgriEyeNet are used respectively. (a) presents the results of YOLOv12. (b) presents the results of

AgriEyeNet

Compared with YOLOv12, the AgriEyeNet has better per-
formance. For the objects in the a5 class that are even difficult
for human to distinguish, AgriEyeNet can gain high confi-
dence. This shows that AgriEyeNet has good robustness and
high accuracy. The robust performances are very important
for deploying in the real agricultural environment.

5 Conclusion

This study presents a new detection architecture using the
YOLO framework was designed to detect multiple categories
of crop diseases. The proposed AgriEyeNet model adds
FGNblock to address the limitation of the baseline model
in accurately extracting the disease area. Since the crop dis-
ease area is irregular, AgriEyeNet introduces a slim dynamic
detection head, which enhances the object detection model’s
effectiveness in multi-scale and deformation scenes. At the
same time, an efficient classification loss function named
MREFL is proposed, which alleviates the problem of tradi-
tional Focal Loss suppressing moderately difficult samples.
On the whole, the AgriEyeNet obtained 52.330% mAPsq
on the proposed DCrop12 dataset while maintaining a less
parameters and low computational overhead. In addition, our
presented model is lightweight enough and easy to deploy on
edge computing devices, which is meaningful for the current
research on smart agriculture.

The current study has several limitations that warrant dis-
cussion. Firstly, the proposed method was evaluated on a
dataset collected fromSouth Korea, encompassing specific

crop varieties, climatic conditions, and pathogen populations
that may differ from other regions. This geographical bias
may limit the model’s generalization to other agricultural
zones, where disease symptoms can manifest differently due
to variations in host cultivars, environmental stressors, and
pathogen strains. To evaluate its robustness, it is necessary to
conduct more extensive validation on datasets from diverse
geographic origins. For future work, we plan to explore
cross-regional domain adaptation through unsupervised style
transfer techniques. Secondly, although improvements have
been made to enhance computational efficiency, the efficient
training of attention-based models remains a direction for
improvement.
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