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Abstract. The key to solve the problem of fine-grained image classification is to find the differentiation re-
gions related to fine-grained features. In this paper, we try to add new network components to the original 
network and adjust various parameters to try to propose a new fine-grained image classification network. We 
propose a fine-grained image classification network based on the fusion of asymmetric convolution, convo-
lution and self-attention mechanisms. Firstly, an enhanced module using asymmetric convolution to assist 
classical convolution proposed to help convolution learn deep features. Secondly, according to the common 
points of convolution and self-attention mechanism, we invented a fusion module of convolution and self-at-
tention mechanism to improve the learning ability of the network.We integrate these two modules into the 
residual network and invent a new residual network .Finally, according to the experience, we design a new 
downsampling layer to adapt to the new component of the attention mechanism and improve the performance 
of the model. The experiment test on three publicly available datasets, and three methods for comparison. The 
results show that the new structure can effectively complete the task of fine-grained image classification, and 
the classification accuracy of different methods and different datasets are significantly improved.

Keywords: attention mechanism, asymmetric convolution, fine-grained image classification

1   Introduction

Fine-grained image classification (FGIC) refers to the classification task that is further subdivided from the clas-
sification of the main classes of common objects (such as birds, cars, etc.). It has a broad prospect and high de-
mand in many fields such as academic research and practical application. Fine-grained image classification task 
is more challenging than ordinary image classification task because it has the characteristics of large differences 
among different individuals within the same category and small differences among different individuals of differ-
ent categories.

Earlier work mainly relied on supervised learning methods for manually labeled images. For example, the 
local one-to-one feature learning method proposed by Berg [3] et al., and the double cross entropy loss func-
tion proposed by Li [18] et al., by adding regularization terms to the cross entropy loss function. Ma et al. [4] 
proposed the channel maximum pooling (CMP) method by inserting a new layer between the convolution layer 
and the fully connected layer, which has achieved excellent results. However, the drawback that such a method 
cannot be extended effectively and widely becomes increasingly prominent soon. Therefore, most of the latest 
research methods are unsupervised learning. For example, Cong [19] et al propose a global-and-local collabora-
tive learning architecture, which includes a global correspondence modeling (GCM) and a local correspondence 
modeling (LCM) to capture comprehensive inter-image corresponding relationship among different images 
from the global and local perspectives., and Hoang [5] et al proposed a novel framework, namely Deep Cross-
modality Spectral Hashing (DCSH), to tackle the unsupervised learning problem of binary hash codes for effi-
cient cross-modal retrieval. Unsupervised learning has been shown to be more effective than supervised learning 
because it can uncover missing or unidentifiable parts of human data. What they all have in common is a focus 
on finding the most distinctive parts. In order to make up for the lack of labeled data, the latest fine-grained clas-
sification efforts are mainly in the direction of adding better network components and learning more unique fea-
tures. 
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Fig. 1. A new residual structure based on the self-attention and convolution fusion module and based on asymmetric convolu-
tion enhancement techniques

In this paper, we follow the motivation outlined above to address the unique challenges of fine-grained image 
classification. We try to add new network component in the network to improve the ability of the network to ex-
tract detailed features in the image. At the same time, while improving the performance of the network, we also 
try to control the number of network parameters and calculation time to take care of practical applications.

We try to add new network modules to enhance the ability of the network to learn features. Importantly, a new 
residual structure is proposed in this paper on the basis of the original convolutional network structure. By using 
the new residual module, the performance of the network is significantly improved under several different loss 
functions and several different datasets. Compared with the existing technology, the new module proposed in this 
paper has some significant advantages: (1) The attention mechanism is introduced at a small cost and the model 
performance is improved without significantly increasing the network parameters and extending the inference 
time. (2) Theoretically, it can be easily applied to any existing or future network architecture.

More specifically, we use the additivity of convolution operation to design the enhancement module and de-
sign the fusion module of self-attention and convolution according to the common properties of self-attention and 
convolution . A new downsampling layer is designed based on the vision transformer (ViT) experience. In this 
paper, the new network can have the advantages of both convolutional network and ViT model. The schematic 
diagram is shown in Fig. 1.

In this paper, a large number of experiments were carried out on three commonly used fine-grained classifica-
tion datasets, CUB-200-2011 [11], Flower-102 [6] and Stanford Cars [7], and the results show that the proposed 
method has achieved remarkable results. On this basis, we carried out ablation experiments to further study the 
actual effects of each component.

The specific works of this paper are as follows:
(1) We strengthen the convolution kernel with a set of asymmetric convolution, and adjust the size and posi-

tion for the asymmetric convolution combination. 
(2) We integrated the attention mechanism with convolution, and adjusted the parameters to help the fusion 

module adapt to fine-grained image classification tasks.
(3) Learning from the experience of other models, we design a new downsampling layer for the convolution 

fusion self-attention module to help it adapt to fine-grained image classification tasks.
(4) After many experiments, we combine the above three modules and other auxiliary components into a new 

residual block, and based on this, we propose a new fine-grained image classification network.
The remaining sections of this paper are organized as follows. In Section II , we first introduce some cases and 

techniques of fine-grained image classification and network components separately in the Related Works section. 
In Section Ⅲ , in the Methods section, we introduce the details and principles of the method used in this paper 
and show the effect. In this part, we introduce Asymmetric Convolution and Convolution Block (ACCB), Fusion 
of Convolution and Self-Attention (FCSA) and Downsampling Layer technology respectively by using formulas 
and images,and the results are presented at the end. In Section Ⅳ, We present the results of our proposed method 
on different data sets and analyze the results and experimental procedures. In Section Ⅴ, in the Ablation Study, 
we verified the effect of each module by disassembling several modules one by one, and showed the results with 
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images and figures. In Section Ⅵ, we discuss and summarize in the Conclusions section and make an outlook on 
the development of this technology in the future.

2   Related Works

2.1    Fined-Grained Image Classification

In the field of fine-grained image classification, there are two main methods for feature extraction, broadly classi-
fied as object-part-based method and attention-based method.

The object part-based approach aims to find the local area of the object for recognition by using the model to 
generate candidate regions and then extracting discriminant features from them. Zheng et al [21]. trained both 
localization and classification accuracy by clustering feature maps into object sections. This unsupervised clas-
sification enhances feature learning by dividing patterns into object parts. This method allows learning features 
and locations at the same time. In addition, Hu et al. [22] added data by clipping local extreme values to discover 
other discriminant features. On the other hand, attention-mechanism-based approaches are mainly used to en-
hance feature learning and locate object details. The approach proposed by Sun et al. [23] works by generating 
multiple sets of features that are enhanced by attention mechanisms. Luo et al. [24] used attention graphs from 
multiple excitation models to learn features from different classes. The method proposed by Zhuang et al. [25] 
and Zhang et al. [26] enhances the discriminant representation by using two images as inputs to calculate the at-
tention between feature maps. Behera et al. [27] calculated the self-attention graph of output features to express 
the relationship between feature pixels. Bera et al. [28] used graph convolutional neural networks to describe the 
relationship between features. Rao et al. [29] proposed to add a counterfactual intervention to the attention dia-
gram to predict categories. With the development of the field of computer vision, many excellent workers have 
proposed improved architectures, such as Wang et al. [30], Sun et al. [31], He et al. [32], Zhang et al. [33] , who 
use self-attention graphs at the converter layer to enhance feature learning and locate object details.

2.2    Network Component

CNN has made a lot of achievements in image recognition. Since the accuracy of AlexNet [38] on ImageNet [39] 
greatly exceeds that of traditional methods, various convolutional architectures have been proposed to improve 
the accuracy of recognition. For example, ResNet [2] and DenseNet [37] have performed quite well on various 
recognition tasks using deep network structures with fast connections, and their pre-trained models on ImageNet 
have also been successfully transferred to various computer vision tasks. EfficientNet [40] further studied the 
depth, width, and input resolution of the convolutional network to optimize the network structure. The method 
successfully maintains high precision with a small number of parameters. 

Since the publication of Transformer [41], the self-attention mechanism has been widely used in the field 
of natural language processing and computer vision, and its performance is quite good. For example, Vit [1] 
achieved 90.7% accuracy on ImageNet, which convert the patch of the image into a token through linear trans-
formation, and complete the global information exchange through the self-attention mechanism. However, its dis-
advantage is that there is no hierarchical expression ability for the features of local regions. In SwinTransformer 
[31], the extraction of local region features at different scales is done through a multi-layer self-attention struc-
ture. Because of the success of the above architectures, we will use these models as the backbone network to test 
the capabilities of the proposed modules. 

Therefore, this paper tries to combine the advantages of CNN model and ViT model, and invents a new com-
ponent module. Then, this component module is successfully applied to ResNet, which makes it significantly 
improved.

Asymmetric convolution is often used to approximate the replacement of the existing square kernel convo-
lution layer for compression and acceleration. Some previous work, such as Ding [8] et al., present a simple but 
powerful architecture of convolutional neural network, which has a VGG-like inferencetime body composed of 
nothing but a stack of 3 × 3 convolution and ReLU, while the training-time model has a multi-branch topology; 
DBB [14] is a universal building block of Convolutional Neural Network to improve the performance without 
any inference-time costs. They also showed that the traditional standard d×d convolution can be decomposed 
into a combination of 1 × d and d × 1 convolution to reduce the amount of computation required. The principle 
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behind this is that if a 2D convolution kernel has rank 1, then the operation can be equivalent to a series of 1D 
convolutions. However, due to the distributed eigenvalues in the deep network, its internal rank is often not equal 
to 1 in practice, so the direct decomposition of the convolution kernel will cause significant information loss.

(a) The overall structure diagram of VGG-16 network, where pool represents the pooling layer, and reduce the image size 
halved. (b) The ResNet-18 network structure diagram. In particular, the curve on the right side represents residual connec-
tion, and the virtual curve represents reduction of the feature map size through the downsampling layer. (c) The method of 
ACANet in this paper. It should be noted that the downsampling layer used in the virtual curve on the right of the figure is the 
one using 2×2 convolution.

Fig. 2. For the three main network structure diagrams related to the work in this paper, input size and output size are respec-
tively the input and output sizes of this layer 
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Therefore, we do not directly replace the original layer with a one-dimensional asymmetric convolution as the 
decomposed convolution layer, but as part of the architectural design. This way we can enrich the feature space 
while training and then incorporate what we learn from it into parallel convolution layers.

Although convolutional neural networks, which use convolutional kernels to obtain local feature information, 
have become the most ubiquitous technology in various computer vision tasks. At the same time, however, the 
self-attention mechanism also shows its excellence in a wide range of natural languages processing tasks, such 
as BERT and GPT3. According to relevant theoretical analysis, when the memory capacity is strong enough, the 
self-attention mechanism can completely replace convolution. Therefore, some recent studies have explored the 
possibility of using self-attention mechanisms in computer vision tasks, such as the work of Alexey [1] et al. and 
Jie Hu et al. [9]. There are two main technical routes, one directly uses the self-attention mechanism as a com-
ponent in the network, and the other is about the integration with the self-attention mechanism and convolution. 
The approach used in this article is more of the second.

However, although the above methods have achieved very remarkable results. But, most methods simply add 
the self-attention mechanism directly into the convolutional neural network. These methods have some problems, 
such as long reasoning time and heavy burden on hardware. So, we devise a whole new network by fusing con-
volution and self-attention mechanisms.

3   Methods

We use asymmetric convolution to enhance the data of traditional convolution, so that convolution can better ex-
tract the features of input images. We call it Asymmetric Convolution and Convolution Block (ACCB). Then, we 
propose a new fundamental building block by combining the similarities between convolution and self-attention 
mechanisms. We call it Fusion of Convolution and Self-Attention (FCSA). After that, we integrate ACCB and 
FCSA into the residuals block of ResNet to propose a new residuals module. We call this network of new residu-
al module Asymmetric Convolutional Attention Networks (ACANet). At last, we design a new VIT-like downs-
ampling layer for ACANet to help the convolutional neural network adapt to the self-attention mechanism. The 
overall structure of the network can be shown in Fig. 2.

3.1   Asymmetric Convolution and Convolution Block (ACCB)

Asymmetric convolution has been proposed for a long time. It is used to improve model performance by replac-
ing the existing traditional square convolution of k × k size. Some previous work has shown that the traditional k 
× k convolution layer can be split into two 1× k and k × 1 convolution layers to reduce the model parameters and 
the amount of computation required to improve the model. Its theoretical basis is: if the rank of a two-dimension-
al matrix is 1, it can be equivalently converted into a series of one-dimensional matrices. Similar studies, such as 
Max Jaderberg [20], successfully learned horizontal convolution kernel and vertical convolution kernel by mini-
mizing L-2 reconstruction error. Different from the former, in this paper, asymmetric convolution is regarded as a 
supplement to the symmetric convolution of the trunk, and the lightweight advantage of asymmetric convolution 
is utilized to try to improve the model performance at a small cost. The network structure is shown in Fig. 3.

We note that convolution has a property that if two or more sid-compatible two-dimensional convolution ker-
nels compute the same input feature graph at the same step size, producing an output of the same resolution, then 
their outputs can be added. This property inspired us to add his output so that multiple convolution nuclei of dif-
ferent sizes are equivalent to one convolution kernel. This process can be expressed as:

1 2 1 2( ).I K I K I K K× + × = × +                                                           (1)

Where I is the input feature graph, and respectively represent two 2D convolution kernels with the same com-
patible size. Therefore, it can be seen from the above equation that a symmetric convolution can be enhanced by 
multiple asymmetric convolutions with the same compatible size and then merged into the same convolution.

In the training stage, each convolution kernel is trained through the input feature graph; in the reasoning stage, 
the structure reparameter technology is used to fuse multiple convolution nuclei into a traditional symmetric con-
volution to initialize the network parameters. Therefore, in the reasoning stage, the network structure is exactly 
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the same as the original network. However, the network parameter adopts the parameter with stronger feature 
extraction ability, namely the convolution kernel parameter after fusion, so the calculation amount will not be in-
creased in the inference stage.

Fig. 3. A schematic diagram of using asymmetric convolution as the asymmetric convolution module enhanced by trunk sym-
metric convolution data in the training stage

The branch fusion process in this paper refers to the fusion of the asymmetric convolution kernel into the 
corresponding position of the square symmetric convolution through structural reparameter technology, so as to 
improve the performance of the model without increasing the number of parameters. In practice, this technique is 
implemented by first building the original structure of the network and using the fused weights for initialization. 
The fusion process can be shown in equation (2).

(1) (2)'( ) ( ) ( )
(1) (2)

(1) (2)

.i ii i i ii

i i i

X X X X
α αα

β β β
= + +                                                       (2)

Where X i represents the symmetric convolution kernel of the square,  and  represent the asymmetric convolu-
tion kernel of 1 × 3 and 3 × 1, respectively, and x' represents the new convolution kernel after merger. The offset 
term bi can be shown in equation (3).

(1) (1) (2) (2)
(1) (2)

(1) (2)

.i i i ii i
i i i i

i i i

b
γ α γ αγ α

δ δ δ
β β β

= − − − + + +                                             (3)

Therefore, it is easy to conclude that for any filter Xi , the asymmetric convolution branch fusion process can 
be shown in equation (4).

( )
(1) (2)

1
.

N
i

i i i k k j
k

Y Y Y Z X b
=

′+ + = × +∑                                                       (4)

Where Yi, Y(1)i and Y(2)i are the outputs of the original 3 × 3 symmetric convolution, 1 × 3 and 3 × 1 asymmetric 
convolution, respectively. In particular, although this module can be converted into the standard layer equivalent, 
the equivalence is only valid when reasoning, and because there are different situations in the training process, it 
will show different performance in the reasoning process. The non-equivalence of the training process is caused 
by the random initialization of the kernel weights and the gradient derived from the different computational flows 
in which they participate.



23

Journal of Computers Vol. 35 No. 1, February 2024

3.2   Fusion of Convolution and Self-Attention (FCSA)

As an important part of the convolutional neural network, the convolution is assumed to be a 3 × 3 convolution 
with step size 1, and its specific process is shown in Fig. 4. Consider a standard convolution with a kernel of Z 
∈ 2

in outC C kR × × , where k is the kernel size and Cin and Cout represent the number of input and output channels, re-
spectively. Given that the tensors X ∈ inC H WR × ×  and  Y ∈ outC H WR × ×  are feature maps of input and output, where H 
and W represent height and width, we express Xij ∈ inCR and Yij ∈ outCR as feature tensors of pixels (i, j) correspond-
ing to X and Y, respectively. So standard convolution can be shown in formula (5).

, ,, 2 2

.ij a b k ki a j ba b
Y Z f

+ − + −
= ∑                                                                 (5)

Where Za,b ∈ in outC CR × , a, b ∈{0, 1, …, k − 1}, Represents the weight of the kernel location (a, b).    

Fig. 4. Taking 3 × 3 convolution as an example, independent 1 × 1 convolution is performed on the input feature graph and 
then the convolution result is obtained by shifting and merging operations. In this process, the independent convolution calcu-
lation assumes a large part of the computational power consumption.

So, the standard convolution can be summarized as two stages:

STAGE Ⅰ: ( , )
, , , .a b

i j a b i jY Z f′ = ×                                                               (6)

STAGE Ⅱ: ( , ) ( , )
, ( , , ).

2 2
a b a b

i j ij
k kY Shift Y a b′= − −                                       (7)

( , )
,

.a b
ij ija b

Y Y= ∑                                                                   (8)

In the first stage, which is the single convolution calculation stage, the input feature map is linearly projected 
from a position onto the weight of the convolution kernel. This is almost identical to the classical 1 × 1 convo-
lution. However, in the second stage, which is the shift and aggregation stage, the projected feature map moves 
according to the position of the convolution kernel and aggregates together. According to the careful calculation 
in this paper, the main computational burden in the process of convolution operation comes from the first stage, 
while the second stage is relatively easy.

Due to the proposal of ViT model, attention mechanism has become another important component in addition 
to convolution. Compared with traditional convolution, attention mechanism can make the model pay more at-
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tention to a larger range of image information. The operation process of attention mechanism can be shown in 
Fig. 5.

If a multi-head attention mechanism with multiple heads has the number of heads N, X ∈ inC H WR × × , Y 
∈ outC H WR × ×  represents input and output features, and xij ∈ inCR , yij ∈ outCR , represents the corresponding tensor 
corresponding to a particular point (i, j) in the image. Thus, a single head in the multi-head attention mechanism 
can be shown in Equation (9).

1( ) ( ) ( ) ( )

, ( , )
( , ) .

k

N l l l
ij q ij k ab v ab

a b N i j
y A Z x Z x Z x

∈

= ∑                                                    (9)

Where Zq, Zk, Zv is the projection matrix corresponding to Q, K, V, and Nk (i, j) represents the local region of 
space range k with (i, j) as the center pixel. And A( ( ) ( ),l l

q ij k abW x W x ) is about Nk (i, j) characteristics of the corre-
sponding matrix. 

Fig. 5. The input feature map is first projected into three values, Q, K and V, which are similar to the 1 × 1 convolution pro-
cess, and the weight of attention is calculated by the values of Q and K, which is used to aggregate the values to form the final 
result.

Also, multi-head self-sttention can be decomposed into two stages, and summarized as:

STAGE Ⅰ: ( ) ( ) ( ) ( ) ( ) ( ), , .l l l l l l
ij q ij ij k ij ij v ijq Z x k Z x v Z x= = =                                           (10)

STAGE Ⅱ: yij = ( ) ( ) ( )
1 , ( , )
( ( , ).

k

N l l l
l ij ab aba b N i j

A q k v= ∈∑                                               (11)

Similar to the traditional convolution, 1 × 1 convolutions are first conducted in stage I to project the input fea-
ture as query, key and value. On the other hand, Stage II comprises the calculation of the attention weights and 
aggregation of the value matrices, which refers to gathering local features. The corresponding computational cost 
is also proved to be minor comparing to Stage I, following the same pattern as convolution.The fusion of convo-
lution and attention mechanisms is shown in Fig. 6.

3.3   Downsampling Layer

Generally speaking, the downsampling layer is concerned with how to process the input image data for lat-
er operation. Due to the widespread natural redundancy in images, the downsampling layer in ConvNets and 
Transformer tends to actively downsample the input image to an appropriate size for subsequent operations.
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Fig. 6. The input images are first convolved by three groups of multiple 1 × 1 convolution to obtain multiple groups of inter-
mediate feature graphs, and then are combined into unified feature graphs by shift aggregation of convolution operations and 
concatenation after attention processes. This process achieves an efficient self-attentional mechanism by merging the common 
parts of convolution and self-attentional mechanisms.

Fig. 7. Diagram of the downsampling layer, wherein (a) The diagram of the classic 3 × 3 maxpooling layer. In order to main-
tain the same size of the input feature graph and the output feature graph, the periphery of the original feature graph is filled 
for one week before the pooling operation. (b) The 2 × 2 downsampling layer similar to the patch layer of the ViT model 
proposed in this paper. In the figure, due to the particularity of 2 × 2 convolution, only two sides of the input feature graph are 
filled.
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In the classical residual network ResNet, a 7 × 7 convolution layer with step size of 2 is first used to convolve 
the input image, and then the maximum pooling layer is used to further reduce the input image and remove the 
redundant information. ResNet uses this set of operations as the initial downsampling layer of the network, and 
the input image passing through this layer will be reduced to a quarter of its original size.

In particular, the Swin Transformer model uses a more specific downsampling strategy. They used a “patchify” 
layer of size 4 to neatly divide the entire input image into multiple non-overlapping blocks of the same size as 
the convolution kernel for downsampling operations.Therefore, this paper tries to apply this method to the clas-
sical residual network, so that the classical residual network can better play the role of attention mechanism and 
realize the integration of convolution and attention.

The initial downsampling layer downsample the natural image input to the network to a quarter size. In this 
paper, convolution kernel with step size 2 is used for the different stages of the residual network. This option 
allows us to reduce the input image to half of the original image and gradually focus the key information, thus 
achieving excellent results with limited computational resources. The structure of the downsampling layer can be 
shown in Fig. 7.

4   Experimental Results and Comparative Analysis

4.1   Experimental Results

We evaluate our method on three widely recognized publicly available fine-grained image classification datasets: 
CaltechUCSD Birds (CUB200-2011) [11], Standford Cars [7] and Flower-102 [6]. A detailed summary of the 
datasets is provided in Table 1. In order to be consistent with the other datasets, we only divide them into training 
sets and test sets.

Table 1. Statistics of datasets

Dataset Category Train Test
CUB-200-2011 200 5994 5794
Standford Cars 196 8144 8041
Flowers-102 102 2040 6149

Based on the experimental data shown in Table 2 and Table 3, we tested our approach on three publicly avail-
able fine-grained image classification data sets. We selected three representative methods from existing methods, 
CE Loss, Focal Loss and MC Loss, in order to reach a more comprehensive conclusion. As you can see, our 
approach is a much better improvement than the traditional ResNet18 network. For CE Loss, although the three 
public data sets all have some improvement, the improvement is not obvious, which may be because CE Loss 
itself has poor adaptability to fine-grained image classification operations, and has good adaptability to the new 
network structure proposed in this paper. Therefore, although it shows a relatively stable improvement effect, the 
overall improvement is not obvious. Focal Loss, produces a good effect in some datasets, but poor performance 
in some datasets. This paper believes that Focal Loss can better adapt to the task of fine-grained image classifica-
tion compared with CE Loss. Therefore, it shows that the method proposed in this paper can be well amplified in 
some tasks, but sometimes it also magnifies the shortcomings.

Based on the experimental data shown in Table 2, we tested our approach on three publicly available fine-
grained image classification data sets. We selected three representative methods from existing methods, CE Loss, 
Focal Loss and MC Loss, in order to reach a more comprehensive conclusion. As you can see, our approach is 
a much better improvement than the traditional ResNet18 network. For CE Loss, although the three public data 
sets all have some improvement, the improvement is not obvious, which may be because CE Loss itself has 
poor adaptability to fine-grained image classification operations, and has good adaptability to the new network 
structure proposed in this paper. Therefore, although it shows a relatively stable improvement effect, the overall 
improvement is not obvious. Focal Loss, produces a good effect in some datasets, but poor performance in some 
datasets. This paper believes that Focal Loss can better adapt to the task of fine-grained image classification com-
pared with CE Loss. Therefore, it shows that the method proposed in this paper can be well amplified in some 
tasks, but sometimes it also magnifies the shortcomings.



27

Journal of Computers Vol. 35 No. 1, February 2024

For MC Loss, although it can be well adapted to fine-grained image classification tasks, there may be some 
conflicts with the method proposed in this paper, so it shows acceptable improvement in some datasets, but cer-
tain fluctuations in more datasets.

Table 2. Results of different methods on the CUB-200-2011, Stanford Cars and Flower-102 datasets

Model Method Dataset
CUB-200-2011 Stanford Cars Flower-102

ResNet 18 CE Loss 52.50 83.39 52.23
Focal Loss [14] 51.45 80.03 50.27
MC Loss [10] 59.95 86.73 57.11

Center Loss [12] 50.26 81.84 49.51
A-softmax Loss [13] 49.67 82.15 50.56

COCO Loss [15] 46.01 72.38 56.76
LGM Loss [16] 44.91 74.37 56.84

LMCL Loss [17] 46.01 71.17 57.12
VGG 16 CE Loss 28.53 76.59 40.90

Focal Loss 31.12 77.02 48.19
MC Loss 42.57 82.48 55.33

Center Loss 51.38 85.27 52.53
A-softmax Loss 60.79 85.71 52.34

COCO Loss 48.31 67.27 53.31
LGM Loss 28.14 71.27 57.18

LMCL Loss 41.11 49.57 56.43
ACANet (ours) CE Loss 52.73 84.80 53.37

Focal Loss 55.06 78.82 51.46
MC Loss 62.74 86.75 57.40

For the CUB-200-2011 datasets and Flower-102 datasets, the method in this paper can be well adapted to this 
dataset and complete the task of fine-grained image classification. However, for the dataset Stanford Cars, the 
method proposed in this paper cannot solve the fine-grained image classification task to some extent, but the ef-
fect is not ideal. 

As can be seen from the curve data in Fig. 8, compared with ResNet18, the method proposed in this paper pro-
duce a big fluctuation when the learning rate decreases to 0.001 in about the 400th epoch. This may be due to the 
entirely new module of FCSA and ACCB fluctuate when the learning rate decreases because they cannot adapt to 
each other. This also happens when the learning rate decreases from 0.1 to 0.01 in the 200th epoch.As the change 
is relatively small, this fluctuation is also relatively small compared with that in the 400th epoch.

For CE Loss, the method in this paper can reduce its amplitude of shock in the plateau period to a certain 
extent, and mostly increase upward, making the training process of the network smoother, faster and more excel-
lent. For Focal Loss, the method proposed in this paper can also reduce the amplitude of oscillation when it is in 
the plateau period to a certain extent.

Table 3. Results of different models on the CUB-200-2011, Stanford Cars and Flower-102 datasets

Model Method Dataset
CUB-200-2011 Stanford Cars Flower-102

ResNet 18 CE Loss 52.50 83.39 52.23
VGG 16 CE Loss 28.53 76.59 40.90

GoogleNet [34] CE Loss 29.32 71.21 49.74
MobileNetV3 [35] CE Loss 41.57 81.72 50.94

DenseNet [37] CE Loss 43.68 81.29 51.71
ConvNeXt [36] CE Loss 52.08 83.68 53.05
ACANet (ours) CE Loss 52.73 84.80 53.37

Although the transient instability occurs when the learning rate is changed in the later period, it is acceptable 
for the improvement of the overall effect. For MC Loss, although the method presented in this paper performs 



28

ACANet: A Fine-grained Image Classification Optimization Method Based on Convolution and Attention Fusion 

slowly before entering the first plateau period, the plateau period is extended to a certain extent, and certain 
fluctuations will occur when the learning rate is changed in the later period. Considering the increase in the end 
result, this phenomenon is acceptable.

Fig. 8. Test set accuracy curve based on the CUB-200-2011 dataset

(It can be seen that the method proposed in this paper can provide better stability in the early stage of training, while it will 
show certain fluctuations in the late stage of training.)

4.2   Comparative Analysis

In the ACCB block, we use the asymmetric convolution set to enhance the convolution capability, and use the 
reparameterization technique to integrate them after the completion of the training phase. With this module, we 
can improve the capability of the network without increasing the network parameters. However, in the process of 
experiments and tests, we realized that simply transferring this module to the network for training can not solve 
the fine-grained image classification task. Therefore, through a large number of experimental studies, we deter-
mined that the balance between network capability and computational burden can be achieved when the convo-
lution size is set to 3 × 3. We also found that asymmetric convolution performs very well when flipping images. 
Therefore, we believe that adding asymmetric convolution to the network can enhance the anti-flipping perfor-
mance of the network to help the network better adapt to the diversified situations in the real scene.

We combine the common parts of self-attention and convolution to propose a new FCSA module. This mod-
ule allows us to use both self-attention and convolution modules at a fraction of the cost to improve network 
capabilities. However, during the experiment, we also found that different parameter Settings would have a great 
impact on the experimental results and calculation burden. In addition, different parameters will also produce 
different effects for different loss functions. Therefore, after a lot of experiments, we finally set different parame-
ter Settings for the above three recognized loss functions, and designed a special downsampling layer for FCSA. 
Our proposed downsampling layer not only mimics the data form of self-attention habit but also caters to the 
form of convolution operation. We believe that this downsampling layer can be used as a downsampling auxilia-
ry component of FCSA to help it better deploy to other networks.
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5   Ablation Study

For the ablation experiment, we use ResNet18 as the backbone architecture and the size of each input image ad-
just to 224 × 224. The initial learning rate of the whole network is uniformly set at 0.1, and the learning rate is 
multiplied by 0.1 in the 200th and 400th epoch, for a total of 600 epoch. We use CE Loss and MC Loss based on 
the CUB-200-2011 dataset, ACCB and FCSA is replaced by 3 × 3 convolution successively mechanisms are used 
to study their respective roles and actual roles in the network.

Table 4. Ablation experiments using CE Loss and MC Loss on CUB-200-2011 dataset

Method Base model Loss Accuracy
Complete structure ACANet CE Loss 52.73

Minus ACCB ACANet CE Loss 52.310.42
Minus (FCSA+ACCB) ACANet CE Loss 48.983.75

Complete structure ACANet MC Loss 62.74
Minus ACCB ACANet MC Loss 60.612.13

Minus (FCSA+ACCB) ACANet MC Loss 60.392.35

Fig. 9. Accuracy curves of the ablation experimental test set under multiple conditions

(As can be seen with CELoss, the new modules produced some fluctuations in the late training period, but not with MCLoss.)

As can be seen from the Table 4, the ACCB and the FCSA indeed play an important role in the network. When 
the overall structure of the proposed method is complete in the CUB-200-2011 dataset, the best results are ob-
tained under the two loss functions. However, when the ACCB are removed, MC Loss fluctuates significantly 
compared with CE Loss. This paper believes that this may be because MC Loss itself is a multi-channel loss 
function designed on the basis of convolution operation, so when the number of convolution kernels is reduced, 
it will produce large fluctuations. So, in contrast, the fluctuation in removing the attention mechanism is relative-
ly small. In particular, CE Loss fluctuates greatly when 3 × 3 convolution is used instead of FCSA. Looking at 
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this change in isolation, it is not clear that the main reason is the attention mechanism or the new downsampling 
layer. Therefore, combined with the comprehensive analysis of the results of MC Loss under this change, this pa-
per believes that it can be concluded that, compared with other Loss functions, the self-attention mechanism has 
a more obvious influence on CE Loss.

According to the accuracy curve shown in Fig. 9, when the accuracy switches from 0.01 to 0.001 for more 
detailed learning at about the 400th epoch, CE Loss has a large fluctuation and this fluctuation will gradually 
decrease with the ablation experiment, while this does not exist for MC Loss. This paper argues that This may 
be because CE Loss cannot adapt well to the ACCB and FCSA There are multiple paths of self-attention mech-
anisms module, and the design logic of MC Loss is unique, so it can better adaptto this change. Therefore, we 
should pay attention to the choice of loss function when using these two new modules.

6   Conclusions

In this paper, a fine-grained image classification method using convolution fusion attention technique is pro-
posed; It can work effectively using both convolution and attention mechanisms while using fewer network pa-
rameters. An improved convolution structure ACCB is proposed for the detailed features in fine-grained image 
classification. To help the attention mechanism and convolution fusion, we propose a new downsampling struc-
ture similar to the VIT model. We evaluated the proposed method on multiple datasets with promising results. 
Therefore, our proposed fine-grained image classification method has good universality while integrating convo-
lution and attention mechanism.

The current experimental scenario is relatively homogeneous compared with the actual complex application 
environment. In the actual application scenario, it will have a very complex impact due to the Angle, illumina-
tion, distance and other issues of the acquisition device. In future work, we plan to add more complex experimen-
tal scenarios or artificially add disturbing information that can be used to train generic and more robust learning 
models. In order to ensure that the fine-grained image classification and recognition system can maintain a high 
recognition speed and accuracy in the complex environment.
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