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Abstract: Flower classification is of great significance to the fields of plants, food, and medicine.
However, due to the inherent inter-class similarity and intra-class differences of flowers, it is a difficult
task to accurately classify them. To this end, this paper proposes a novel flower classification method
that combines enhanced VGG16 (E-VGG16) with decision fusion. Firstly, facing the shortcomings
of the VGG16, an enhanced E-VGG16 is proposed. E-VGG16 introduces a parallel convolution
block designed in this paper on VGG16 combined with several other optimizations to improve the
quality of extracted features. Secondly, considering the limited decision-making ability of a single
E-VGG16 variant, parallel convolutional blocks are embedded in different positions of E-VGG16 to
obtain multiple E-VGG16 variants. By introducing information entropy to fuse multiple E-VGG16
variants for decision-making, the classification accuracy is further improved. The experimental
results on the Oxford Flower102 and Oxford Flower17 public datasets show that the classification
accuracy of our method reaches 97.69% and 98.38%, respectively, which significantly outperforms the
state-of-the-art methods.

Keywords: image classification; decision fusion; information entropy; parallel convolutions; convolu-
tional neural network

MSC: 68T07

1. Introduction

In the field of plant science, flower classification is a significant and difficult task. At
present, flower classification faces the following challenges: (1) there are about 369,000
known flowering species worldwide [1]; (2) flowers may have large inter-class similarities
and large intra-class differences, as shown in Figure 1; (3) flower images are vulnerable
to natural conditions such as light, background, climate, and other factors. The above
challenges make accurate flower classification a difficult task.

Extracting representative features is key to accurate flower classification. Traditional
flower classification methods use artificially defined features such as color, shape, and
texture, which leads to high cost and subjectivity.

Compared with artificial feature extraction, deep learning can be viewed as a self-
learning process [2]. Features extracted from deep convolutional neural networks are
more representative than features extracted by traditional manual methods. Therefore,
applying depth convolutional features to image classification tasks often achieves better
results [3]. With the emergence of deep learning models such as AlexNet [4], VGGNet [5],
GoogLeNet [6], ResNet [7], and DenseNet [8], many deep learning-based flower classi-
fication methods have been proposed. These methods either use a single deep learning
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model [9–11] or combine multiple models [12–14], combined with interest region extrac-
tion [15–18], feature selection [12,17], feature combination [9,13,14,19,20] and many other
techniques, to improve the quality of extracted features.

Figure 1. (a) Intra-class differences of crocus. (b) Intra-class differences of pansy. (c) Inter-class
similarities between silverbush and thorn apple (the above is silverbush, the below is a thorn apple).
(d) Inter-class similarities between dandelion and coltsfoot (the above is dandelion, the below is
a coltsfoot).

However, most existing methods only focus on extracting or selecting effective features,
while ignoring the influences of decision-making methods, so their classification accuracies
need to be improved.

To this end, this paper proposes a novel enhanced VGG16 model, E-VGG16, which
enhances VGG16 by introducing parallel convolution blocks designed in this paper and
integrates batch normalization (BN) and global average pooling layers (GAP) for optimiza-
tion. Additionally, by embedding PCB in different positions of the E-VGG16 , multiple
high-quality variants are obtained. Based on these variants, information entropy is intro-
duced to exploit the different decision-making capabilities of multiple variants to further
improve the classification accuracy.

The main contributions of this paper are as follows:

1. This paper designs a simple but effective parallel convolution block (PCB). E-VGG16
is obtained by integrating modules such as PCB and GAP into the VGG16 model,
which effectively improves the performance of the model.

2. Multiple variants are obtained by embedding PCB in different positions of E-VGG16,
and information entropy is introduced to fuse the decisions of multiple variants,
thereby further improving the classification accuracy.

3. Extensive experiments on Oxford Flower102 and Oxford Flower17 datasets show
that the classification accuracy of the proposed method can reach 97.69% and 98.38%,
respectively, which significantly outperforms the state-of-the-art algorithms.

The rest of this paper is organized as follows. Section 2 presents related work. Section 3
introduces the E-VGG16 and decision fusion. Section 4 presents the experimental results
and analysis. Section 5 concludes the paper.

2. Related Works
2.1. Flower Classification

There are two main ways to extract features: traditional methods and deep learning-
based methods.

2.1.1. Traditional Methods

Traditional methods first extract local features such as SIFT (scale invariant feature
transform) [21] and HOG (histogram of oriented gradient) [22], then use encoding models
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such as VLAD (vector of locally aggregated descriptors) [23] or Fisher vector [24,25] to
encode features for post-processing. Mabrouk et al. [26] proposed a SURF [27] (speeded up
robust features)-based color feature extraction strategy, which describes the visual content
of the flower images using compact and accurate descriptors. Kishotha et al. [28] analyzed
the influences of multiple local features including shape, texture, color, SIFT, SURF, HSV,
RGB and CTM, and found that SURF + CTM presents a better performance than the other
feature combinations. Soleimanipour et al. [29] extracted Haar features to train the Viola–
Jones detector. This detector was used to detect the spadix region in the test images, and
then image templates were used to classify various anthurium flowers.

In general, traditional methods suffer from three main shortcomings [30]: (1) it is hard
for them to distinguish the subtle differences between visually similar species; (2) they
mainly focus on high-level visual cues, ignoring the importance of low-level visual cues;
(3) the feature extraction and final classification are performed independently, which
prevents the global optimization of the classification model.

2.1.2. Deep Learning-Based Methods

Considering the shortcomings of traditional methods, in recent years, many studies
on flower classification have turned to deep learning based methods. Some deep learning
methods first select rough target regions from images, and then use deep learning models
for classification [15–18,31]. Huang et al. [16] proposed a two-stage classification method.
In the first stage, a series of polygons are generated, and a classifier is trained for each
polygon for rough classification. In the second stage, the confusing classes of the first stage
are selected and employed to train the polygon-based classifiers. Wei et al. [17] proposed a
selective convolutional descriptor aggregation (SCDA) method, which first discards the
background noise in the image and then expresses the retained useful deep descriptors as a
feature vector for classification. Hiary et al. [31] proposed a two-stage method, with each
stage needs a separate neural network classifier. The first stage crops the region around
the flower using a FCN. The second stage uses the cropped images to learn a strong CNN
classifier to classify different flowers.

Some other methods directly extract high-quality features from original images by
adopting various methods such as feature selection, and feature fusion. Mesut et al. [12]
proposed a feature selection and CNN hybrid method, which combines features extracted
from four different CNNs, and then chooses the intersecting features of two different
feature selection methods. They obtained good accuracy on 5 specific kinds of flowers.
Cıbuk et al. [13] proposed a method which uses minimum redundancy maximum correla-
tion (mRMR) to select the most important features etracted from AlexNet and VGG16 and
then trained these features with a support-vector machine (SVM).

In addition, unlike methods based on images only, multimodal learning [30,32–35],
which fuses text, images and other modals, has increasingly attracted the attention among
researchers in recent years. Based on m-CNN [30], Bae et al. [14] proposed an improved m-
CNN, which extracts images and texts features through image CNN and text CNN networks,
respectively, and then concatenates these two kinds of features for flower classification.

Different from the above methods, which use multiple different CNNs or multimodal
learnings, this paper introduces multiple E-VGG16 variants and fuses the different decision-
making capabilities of these variants to boost the accuracy of flower classification.

2.2. VGG16

VGG16 was proposed by the Visual Geometry Group of Oxford University in 2014.
VGG16 consists of five convolutional blocks and three fully connected layers. The first two
convolutional blocks are composed of two convolutional layers and one pooling layer, and
the last three convolutional blocks are composed of three convolutional layers and one
pooling layer. In this paper, the authors denote convi as the ith convolution block, convi_j
as the jth convolution layer of the ith convolution block, and convi_pool as the pooling layer
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of the ith convolution block. The numbers of filters in the five convolution blocks are 64,
128, 256, 512, and 512, respectively. The architecture of VGG16 is shown in Figure 2.

Figure 2. The architecture of VGG16.

The convolution layer filters out the detailed features in the images through a series of
convolution operations. During the training process, the parameters of the convolution
kernel are continuously updated and optimized through the forward/back propagation
process. The pooling layer downsamples features during training, reducing computational
complexity. The classifier of VGG16 consists of two fully connected layers with 4096 nodes
and one fully connected layer with 1000 nodes, which are finally classified by the softmax
function. The authors choose VGG16 as the basic model to research flower classification
because it has achieved successful results in the ImageNet challenge and has been widely
used in flower classification and many other fields, e.g., A-LDCNN proposed in [36] by
integrating VGG16 and Latent Dirichlet Allocation (LDA) [37].

3. The Proposed Method
3.1. E-VGG16

Although VGG16 has good performance in ImageNet and many other applications,
it has relatively smaller depth and width compared with some other networks, e.g.,
GoogLeNet and ResNet; thus, its feature extraction ability and classification effect need to
be improved. To this end, this paper presents various optimization methods on VGG16 and
then proposes an enhanced VGG16 (E-VGG16). The improvements involved in E-VGG16
mainly include: adding a parallel convolution block (PCB), introducing batch normalization
(BN) layers, adding a global average pooling layer (GAP), and adding 1 × 1 convolution.

3.1.1. PCB

Considering the relatively smaller depth and width of VGG16, the most direct way
to improve its performance is to increase its network size. In this paper, inspired by
GoogLeNet, the authors design a similar parallel convolution block (PCB) on E-VGG16 to
expand the network width and increase the network complexity.

The number of parallel convolutional layers k in PCB and the size of convolution
kernels are important factors to be considered when designing a PCB. Considering that
a larger convolution kernel will bring too many parameters, resulting in the need for
dramatically increased computational resources, this paper chooses smaller convolution
kernels such as 3 × 3 and 1 × 1, which can keep relatively low computational overheads
while expanding the network width. For the number of parallel convolutional layers k,
this paper believes that an appropriate k can effectively improve the performance of the
network, but too large a k will lead to too many network parameters, thereby reducing
performance. The experiments in this paper also confirm this point of view. Based on the
experimental comparisons and analyses, this paper adopts four 3 × 3 parallel convolutional
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layers with 512 filters, one maximum pooling layer and one 1 × 1 convolution layer with
512 filters as our final PCB structure, which is shown in Figure 3.

The embedded position of PCB in E-VGG16 also has an important impact on network
performance. Theoretically, PCB can be embedded within or after one of the five convolu-
tional blocks of VGG16. Depending on the embedded positions of PCB in VGG16, several
different E-VGG16 variants can be obtained. After PCB is embedded, the authors remove
the remaining part of the convolution block where PCB is embedded and the convolution
blocks after the embedding position. For example, if PCB is embedded between conv4_2
and conv4_3, conv4_3, conv4_pool and conv5 will be removed in the network, and the
obtained variant will be denoted as EV4_2. Decision fusion will be performed on the
obtained variants later to further improve the performance of flower classification.

Figure 3. A PCB with k = 4.

3.1.2. 1 × 1 Convolutional Layer

Notably, 1 × 1 convolution [38] can realize cross-channel interaction and information
integration, reduce the number of parameters and increase nonlinearity while increasing
the depth of the network, so it is widely used in GoogLeNet, ResNet, and DenseNet. In
this paper, a 1 × 1 convolutional layer is introduced after the PCB to further optimize the
model. Since it is the last convolutional layer of E-VGG16, it is denoted as convl hereafter.

3.1.3. BN Layer

The process of training a deep neural network is complicated due to the distribution
of each layer’s inputs changes with the parameters of the previous layers during the
training process. To alleviate this problem, a small learning rate and careful parameter
initialization need to be set, which slows down the training speed. To address this problem,
Sergey et al. [39] proposed BN (batch normalization), which normalizes each training mini-
batch to a standard normal distribution with mean 0 and variance 1. Given a small batch
sample set B = {x1 · · · xm}, whose mean and variance are denoted as µ and σ2, respectively,
ε is a constant to stabilize the data, and the batch data can be standardized by Formula (1):

x̂i =
xi − µ√
σ2 + ε

(1)

Considering that only using the above normalization formula will affect the features
learned, the normalized data are transformed and reconstructed according to Formula (2)
to restore the feature distribution to be learned by the original network:

ŷi = γx̂i + β (2)

where γ and β are learnable reconstruction parameters. BN layers can alleviate the problem
of the parameter distribution deviation of the initial value and the intermediate value
during the training process. They can also alleviate the problem of gradient disappearance
or gradient explosion to a certain extent, thus speeding up the training speed. Although
BN layers have been widely used in deep learning-based applications [6,8,40], the number
and embedding position of BN layers need to be further discussed [41].
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Considering this, this paper introduces three BN embedding points (as the red dots
marked in Figure 4): before PCB, between PCB and convl, and after conv l, corresponding
to the embedding position p = 0, 1, 2, respectively. According to whether a BN layer is
embedded in the pth position, eight different embedding schemes numbered from 0 to 7 are
designed. If the pth bit of scheme s is 1, this means a BN layer is embedded in the position
corresponding to p; otherwise, vice-versa. For example, scheme 5 (101 in binary) means that
two BN layers are embedded before PCB and after convl. The effects of different embedding
schemes are verified by experiments to determine the optimal embedding scheme.

Figure 4. E-VGG16 structure.

3.1.4. GAP Layer

Compared with fully connected layers, a GAP layer has the following merits: (1) it
makes the feature map easier to be interpreted as a class confidence map; (2) no parameters
are needed to be trained in GAP; thus network training can be speeded up and overfitting
can be effectively alleviated; (3) GAP aggregates spatial information, making it more robust
to spatial transformations of the inputs [38]. In this paper, the authors replace the first two
fully connected layers in VGG16 with a GAP layer, which significantly reduces network
parameters and increases training speed.

3.2. Decision Fusion

The softmax classifier in VGG16 always directly outputs the class with the highest
probability as the final classification result. This may cause wrong decisions, especially
when the probabilities of the other classes are close to the highest probability.

As mentioned earlier, different variants can be obtained according to the positions of
PCB embedded in E-VGG16. Different variants have different decision-making abilities.
Therefore, multiple variants can be comprehensively used to make the final decision, which
can alleviate the problem of classification errors caused by the insufficient decision-making
ability of a single variant. To this end, this paper introduces information entropy [42] to
evaluate the decision-making certainty of each E-VGG16 variant and then assigns a decision
weight to each variant according to the certainty to fuse decision. The E-VGG16-based
decision fusion framework is shown in Figure 5.

Although multiple variants can be obtained by embedding PCB, it is unrealistic to
fuse all E-VGG16 variants because of the following reasons: (1) the computation over-
head is large; (2) the classification accuracy will be deteriorated if the variants with poor
decision-making abilities are fused. Therefore, this paper evaluates the decision-making
ability of each variant in the experimental section and then chooses some best variants for
decision-making.

Assuming that there are M E-VGG16 variants involved in decision fusion to classify a
sample x , the probability of x belonging to each class can be obtained for each variant, and
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then the probability distribution vector Px,EVm can be obtained for the mth variant, EVm , as
shown in Formula (3).

Px,EVm = [pm1(x) pm2(x) · · · pmC(x)] (3)

where pmc(x) represents the probability that EVm classifies x into the cth class, s.t., 1 ≤ m ≤ M,
1 ≤ c ≤ C and C is the total number of classes. In the later description, the authors also
denote m as the mth variant and c as the cth class when there is no ambiguity.

Figure 5. A diagram of decision fusion.

To fuse the decisions of multiple variants, the information entropy of the mth variant
is calculated according to Formula (4).

Hm(x) = −
C

∑
c=1

pmc(x) log2 pmc(x) (4)

Hm(x) is used to represent the certainty of variant EVm on classifying x. The smaller
Hm(x) of EVm is, the higher the certainty of EVm classifying x will be. A higher decision
weight should be assigned to EVm. The decision weight of EVm can be calculated according
to Formula (5).

ωm =
exp(−Hm(x))

∑ exp(−Hm(x))
(5)

In Formula (5), ωm is calculated using an exponential function, which makes our
model more inclined to the variants with higher certainty. After obtaining the decision
weight, pc(x), the probability of x belonging to class c can be calculated according to
Formula (6).

pc(x) = ∑M
m=1(ωm × pmc(x))

M
(6)

Then, the final probability distribution vector of x Px = [p1(x)p2(x) · · · pC(x)] is
obtained, where c with the maximum pc(x) is the final classification result.
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4. Experiments
4.1. Environments

All experiments were carried out on a computer with an Intel i7-7700 CPU @3.6 GHz,
32 GB memory and an NVIDIA GeForce GTX 1060 graphics card running windows 10.
Python3.6 was used as the compiler, and Keras was used as the default neural network
framework.

The authors conducted experiments on the widely used benchmark datasets Oxford
Flower102 [43] and Oxford Flower17 [44]. The former contains 8189 images of 102 kinds of
flowers. There are 40 to 258 images of each kind of flower. The latter consists of 17 kinds of
flowers with 80 images of each.

In this paper, a cropping method was used to crop a sample image into a square with
side length min (w, h) using a selected cropping starting coordinate L in the image, where w
and h are the width and height of the original image, respectively. L was determined using
Formula (7).

L =

{
(d, 0) w ≥ h
(0, d) w < h

(7)

where d = frandom(|w− h|) and frandom(x) returns a random value between [0, x− 1].
In this paper, the cropping method was executed twice for each image. In this way,

each dataset can be enlarged, while the detailed information of the dataset can be fully
utilized. The cropped images were scaled to 224 × 224 to be compatible with VGG16 using
Lanczos interpolation. Data enhancement was further performed in Keras by random
flipping, rotation, and staggered transformations.

The experimental results in this paper were obtained by 5-fold cross-validations. The
performances of the proposed model were evaluated by accuracy, sensitivity precision and
F1_Score as shown in Formulas (8)–(11), respectively.

Acc. =
TP + TN

TP + TN + FP + FN
(8)

Se. =
TP

TP + FN
(9)

Pre. =
TP

TP + FP
(10)

F_Scr. =
2× TP

2× TP + FP + FN
(11)

where TP, TN, FP and FN stand for true positives, true negatives, false positives, and false
negatives, respectively.

4.2. Experiments on Oxford Flower102
4.2.1. Effects of BN Layer

To evaluate the effects of BN on flower classification task, the aforementioned eight BN
embedding schemes were compared. In this section, PCB was set as a single convolutional
layer with 512 3 × 3 filters, and the embedding point of PCB was set to be conv5_2. The
accuracies of different BN embedding schemes are shown in Table 1.
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Table 1. Accuracies of different BN embedding schemes.

Schemes Acc. (%) Se. (%) Pre. (%) F_Scr. (%)

0 93.97 94.50 93.51 93.53
1 95.55 95.67 95.22 95.21
2 95.6695.6695.66 95.8595.8595.85 94.80 95.3395.3395.33
3 95.42 95.25 95.2695.2695.26 95.05
4 94.33 94.28 93.90 93.73
5 94.91 95.23 95.18 94.87
6 94.60 94.89 94.39 94.32
7 95.18 95.41 94.83 94.85

It can be seen from Table 1 that all evaluation metrics of schemes 1–7 are generally
higher than scheme 0 (no embedded BN layer), indicating that embedding BN can effec-
tively improve the accuracy of flower classification. In addition, it can be seen that in
schemes 1–7, it is not always true that the more BN layers that are embedded, the better the
effects will be. Table 1 shows that scheme 2 is the best among all schemes. The obtained
accuracy, sensitivity, precision and F1_Score are 95.66%, 95.85%, 94.80% and 95.33%, re-
spectively. Therefore, in the following experiments, the BN layer is embedded according to
scheme 2.

4.2.2. The Effects of PCB

(1) The effect of the number of parallel convolutional layers k

To investigate the effects of k, the authors designed PCBs containing k = 0 to 5 parallel
3 × 3 convolutional layers, respectively, and experimentally chose the optimal k. Conv5_2
was selected as the default embedding point. The accuracies of different k are shown in
Table 2.

Table 2. Accuracies of different k.

k Acc. (%) Se. (%) Pre. (%) F_Scr. (%)

0 88.75 88.87 87.72 87.52
1 96.04 96.04 95.78 95.62
2 96.28 96.37 95.97 95.97
3 96.62 96.62 96.4396.4396.43 96.28
4 96.6696.6696.66 96.8596.8596.85 96.37 96.3396.3396.33
5 96.51 96.73 96.25 96.21

It can be seen from Table 2 that when PCB is not embedded (k = 0), the evaluation
scores are 88.75%, 88.87%, 87.72% and 87.52%, respectively, and when k varies from 1 to 5,
the evaluation scores can reach more than 95%, which is significantly better than the case
without PCB. This shows that PCB plays an important role in improving the classification
effect. In addition, all the four evaluation scores increase with the increase in k, and most of
them reach their peaks when k = 4. Therefore, the authors use k = 4 as the default value for
the subsequent experiments.

(2) The effects of 1 × 1 convolutional layer and max-pooling layer in PCB

Besides the four parallel 3 × 3 convolutional layers, the effects of adding a 1 × 1
convolutional layer and maximum pooling layer (maxp) in PCB were further investigated.
The experimental results are shown in Table 3.
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Table 3. Accuracies of 1 × 1 convolutional layer and maximum pooling layer.

k Layer Acc. (%) Se. (%) Pre. (%) F_Scr. (%)

4

- 96.66 96.85 96.37 96.33
1 × 1 96.13 96.12 95.90 95.74
maxp 96.74 96.84 96.65 96.53

all 96.9096.9096.90 97.0197.0197.01 96.7096.7096.70 96.6796.6796.67

In Table 3, “-” means not adding a 1 × 1 convolution layer and maximum pooling
layer, and “all” means adding both of them. It can be seen from Table 3 that when k=4, “all”
corresponds to the best performance, so the PCB finally designed in this paper contains
four parallel 3 × 3 convolutional layers, one 1 × 1 convolutional layer and a maximum
pooling layer.

(3) Effects of embedding positions of PCB

Different layers in E-VGG16 contain different features. The shallower layers in E-
VGG16, e.g., conv2 and conv3, contain detailed features such as textures and contours,
and the deeper layers e.g., conv4 and conv5, contain more abstract classification features.
Different embedding positions of PCB have significant effects on the classification accuracy.

To explore the effects of embedding positions of PCB, multiple embedding positions
were adopted, resulting in multiple different E-VGG16 variants. Considering that the first
three convolutional blocks at the shallower layers mainly contain detailed features, the
corresponding pooling layers were selected as the embedding positions. and 3 embedding
points were obtained: conv1-pool, conv2-pool, and conv3-pool. For the deeper convolution
blocks containing rich classification information, all layers in these blocks including conv4-1,
conv4-2, conv4-3, conv4-pool, conv5-1. conv5-2, conv5-3, and conv5-pool were selected
as the embedding positions. The accuracies of the 11 embedding positions are shown in
Figure 6.

conv1-pool

conv2-pool

conv3-pool

conv4-1

conv4-2

conv4-3

conv4-pool

conv5-1

conv5-2

conv5-3
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63.73%

77.27%
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90.9% 94.3%

95.96% 96.49%

96.11%

96.9%

93.76%

94.95%

Figure 6. Comparisons corresponding to different PCB embedding positions.

It can be seen from Figure 6 that the embedding positions of PCB have an important
impact on the classification accuracy. As the PCB embedding depth increases, the accuracy
first increases and then decreases, and reaches the highest 96.90% when embedding position
is conv5_2 (denoted as EV5_2).The overall accuracies are poor when PCB is embedded in
conv1, conv2 and conv3, as they contain less classification information. When PCB is
embedded in conv4 and conv5, better results can be obtained, and all accuracies are
above 90%.

The accuracy and loss curves of the training and validation for EV5_2 are depicted in
Figures 7 and 8, respectively. It can be seen from the two figures that when the epoch is 10,
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the accuracy and loss of the training set reaches 96.89% and 0.14, respectively, which shows
E-VGG16 has a quick convergence ability.

Figure 7. The accuracy curves of the training and validation for EV5_2.

Figure 8. The loss curves of the training and validation for EV5_2.

4.2.3. The Effects of Decision Fusion

To evaluate the effectiveness of decision fusion, the three best variants corresponding
to the embedding points conv4-pool, conv5-1, and conv5-2 were selected. These three
variants are denoted as EV4_p, EV5_1 and EV5_2, respectively. In this paper, experiments on
the combinations of these three variants were carried out, and the classification accuracies
are shown in Table 4.

Table 4. Classification accuracies on fusing the three best variants.

Schemes Combinations Acc. (%) Se. (%) Pre. (%) F_Scr. (%)

1 EV4_p 96.49 95.74 96.01 95.94
2 EV5_1 96.11 96.27 95.83 95.74
3 EV5_2 96.90 97.01 96.70 96.67
4 EV4_p+EV5_1 97.11 97.37 97.28 97.14
5 EV4_p+EV5_2 97.23 97.32 97.12 97.03
6 EV5_1+EV5_2 97.57 97.75 97.39 97.40
7 EV4_p+EV5_1+EV5_2 97.6997.6997.69 97.7497.7497.74 97.8297.8297.82 97.6597.6597.65

It can be seen from Table 4 that the effects of fusing multiple variants are generally
better than using a single variant. The accuracy of the fusing two variants can reach up
to 97.57% (EV5_1 + EV5_2 ), which is 0.67% higher than the highest single variant model
(EV5_2). When all the three variants are fused, its accuracy reaches 97.69%, which is 0.79%
higher than that of EV5_2, which demonstrates the effectiveness of our decision fusion
strategy in this paper.
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4.2.4. Comparison with the State-of-the-Art Methods

Finally, the proposed methods were compared with the state-of-the-art methods on
Oxford Flower102, and the results are shown in Table 5.

It can be seen from Table 5 that E-VGG16+decision fusion has the highest classification
accuracy compared with the others. The accuracy of a single E-VGG16 variant (EV5_2) in
this paper is up to 96.90% and is 5.85% higher than VGG16, which shows the effectiveness
of PCB and the other optimization strategies we used. E-VGG16 is better than all other
algorithms except the method proposed by Hiary et al. [31] (Hiary’s), indicating that our
E-VGG16 can effectively extract high-quality features. Other than the methods proposed
in this paper, the methods proposed by Hiary et al. [31] and Huang et al. [16] are the two
with the highest accuracies. Both these two methods adopt two-stage strategies to improve
their accuracies and their corresponding accuracies reach 97.1% and 96.1%, respectively. In
addition, although the recent work of Bae et al. [14] fused two modalities of image and text,
its optimization for each modality is insufficient, so its classification accuracy needs to be
improved. Our accuracy can further reach 97.69% by combining information entropy-based
decision fusion, which is significantly better than the other competitors.

Table 5. Comparisons with the state-of-the-art methods on Oxford Flower102.

Method Years Acc. (%)

VGG16 2014 91.05
Azizpouret al. [45] 2015 91.3

Yoo et al. [46] 2015 91.28
Simon et al. [10] 2015 95.3

Xu et al. [47] 2016 93.51
Zheng et al. [19] 2016 95.6

Wei et al. [17] 2016 92.1
Liu et al. [15] 2017 84.02
Xia et al. [48] 2017 94.0
Xie et al. [11] 2017 94.01

Chakraborti et al. [49] 2017 94.8
Huang et al. [16] 2017 96.1
Hiary et al. [31] 2018 97.1
Cıbuk et al. [13] 2019 95.70

Bae et al. [14] 2020 93.69
Pang et al. [9] 2020 94.2

E-VGG16(ours) 2022 96.90
E-VGG16+decision fusion (ours) 2022 97.6997.6997.69

4.3. Experiments on Oxford Flower17

Experiments were also conducted on Oxford Flower17 using the same experimental
settings as those on Oxford Flower102. Differently, on Oxford Flower17 ,EV5_1 is the best
single variant with an accuracy of 97.21%, and the combination of EV5_1 and EV5_2 reaches
the best accuracy at 98.38%. The comparisons of our method with the state-of-the-art
methods on Oxford Flower17 are shown in Table 6.

In Table 6, the accuracies of Liu et al. [18] and Hiary et al. [31] on Oxford Flower17 are
97.35% and 98.5%, respectively, which are higher than 97.21%, the accuracy of our single
E-VGG16 variant (EV5_1). After using decision fusion, The accuracy of our method reaches
98.38%, which is much better than Liu’s method and is comparable to Hiary’s, indicating
the effectiveness of the proposed method in this paper. Hiary’s method is the highest
among all the methods. The cropped images may play an important role in Hiary’s method,
and combining their cropped images with our method will be left as our future work.
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Table 6. Comparisons with the state-of-the-art methods on Oxford Flower17.

Method Years Acc. (%)

VGG16 2014 92.36
Zhu et al. [50] 2015 91.9
Xie et al. [51] 2015 94.8

Zhang et al. [52] 2016 93.7
Zhang et al. [53] 2017 87.1

Xia et al. [48] 2017 95.0
Hiary et al. [31] 2018 98.5
Cıbuk et al. [13] 2019 96.17

Liu et al. [18] 2021 97.35
E-VGG16 (ours) 2022 97.21

E-VGG16+decision fusion (ours) 2022 98.38

5. Conclusions

This paper proposes E-VGG16, which enhances VGG16 and can effectively extract
flower features. By embedding PCB into different locations of E-VGG16, multiple high-
quality E-VGG16 variants can be obtained. The accuracy of flower classification is further
improved by combining information entropy for decision fusion. In the future, the authors
will continue to optimize our model. Additionally, introducing text into our model is also
an interesting direction.
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