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Abstract: Accurate recognition of the flowering stage is a prerequisite for flower yield estimation. In
order to improve the recognition accuracy based on the complex image background, such as flowers
partially covered by leaves and flowers with insignificant differences in various fluorescence, this
paper proposed an improved CR-YOLOV5s to recognize flower buds and blooms for chrysanthemums
by emphasizing feature representation through an attention mechanism. The coordinate attention
mechanism module has been introduced to the backbone of the YOLOV5s so that the network can
pay more attention to chrysanthemum flowers, thereby improving detection accuracy and robustness.
Specifically, we replaced the convolution blocks in the backbone network of YOLOv5s with the
convolution blocks from the RepVGG block structure to improve the feature representation ability
of YOLOV5s through a multi-branch structure, further improving the accuracy and robustness of
detection. The results showed that the average accuracy of the improved CR-YOLOv5s was as high
as 93.9%, which is 4.5% better than that of normal YOLOV5s. This research provides the basis for
the automatic picking and grading of flowers, as well as a decision-making basis for estimating
flower yield.

Keywords: target detection; flowering recognition; YOLOVS5; coordinate attention mechanism; struc-
tural reparameterization

1. Introduction

Fresh-cut flowers are mainly sold in pre-order mode, and the transportation distance
is strongly correlated with the picking time (for short-distance transportation with picking
flowers in full bloom, and for long-distance transportation with picking flowers in bud),
which requires a more accurate estimation of various flowering stages of flowers. Con-
ventional manual estimation methods of flower yield are inefficient, time-consuming, and
low-accuracy, leading to difficulties in timely order delivery. Flowering stage recognition
is essential for automated grading and production yield estimation. Therefore, applying
computer vision technologies based on deep learning algorithms to monitor the flowering
stage changes of chrysanthemums allows enterprises to take timely intervention measures
to guarantee production and sales.

Various flower classification methods based on deep learning have been widely used
in recent years to recognize flowers from their background, such as leaves. Significantly,
the convolutional neural networks (CNN) containing multilayer stacked structures have
obtained better recognition results in recognizing flower color, shape, and appearance
features [1,2]. Dias et al. [3] predicted the flowering intensity of apple blossoms by fine-
tuning a pre-trained convolutional neural network (CNN) and obtained an estimation
accuracy and recall of more than 90%, however, at the cost of a slower detection speed.
Oppenheim et al. [4] proposed a greenhouse tomato detection algorithm based on machine
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vision, which was used to count the yellow tomato flowers under complex conditions such
as different growth environments, illumination, and flower sizes. Although this algorithm
successfully identified the blooming yellow flowers of tomatoes using an unmanned aerial
vehicle (UAV) at close range in the greenhouse, it does not classify various flowering
periods. Cibuk et al. [5] proposed a novel method for flower species classification that
combined the concatenated AlexNet and VGG-16 models, the mRMR feature selection
technique, and the SVM classifier with an RBF kernel. They achieved remarkable results of
96.39% and 95.70% accuracy on the Flower17 and Flower102 datasets, respectively. Tian
et al. [6] proposed a deep learning algorithm to detect and recognize flowers by introducing
a Single Shot MultiBox Detector (SSD), which has been evaluated on the flower dataset
published by Oxford University and achieved an average precision of 83.64% on VOC2007
and 87.4% on VOC2012. The method also incorporates a video stream scheme to address the
detection of two or more target flowers. Feng et al. [7] have proposed a recognition model to
distinguish different flower categories based on the VGG16 model and the Adma (Adaptive
Moment Estimation) deep learning optimization algorithm. This approach harnesses the
power of transfer learning to expedite network convergence and has demonstrated a
remarkable recognition accuracy of 98.99% on a dataset consisting of 30 distinct flower
categories. Lawal M O. et al. [8] proposed an improved YOLOv3 model to detect tomatoes
under complex environmental conditions by applying dense structure merging, the Mish
activation function, and spatial pyramid pooling. Through assessing the impact of various
input layers on the network’s performance and refining the pruning strategy by comparing
the vy coefficients of the Batch Normalization (BN) layers of the trained YOLOv4 model,
Wu et al. [9] used a channel pruning-based YOLO v4 algorithm to detect apple blossoms in
natural environments and achieved a faster detection speed. Farjon et al. [10] employed
Faster-RCNN and incorporated professional growers’ labeling of flower information to
distinguish different flowering levels of canopy apple blossoms. The proposed model
achieved an average accuracy of 68% in discriminating and classifying apple flowers with
varying opening degrees. Li et al. [11] enhanced the YOLOV5 algorithm’s detection accuracy
of pears by integrating a Transformer Encoder, demonstrating a maximum average accuracy
of 96.12% and robustness improvement in different shading and lighting conditions. After
YOLOVS, new algorithms such as YOLOv6 [12], YOLOv7 [13], YOLOVS [14], YOLOX [15],
and YOLOF [16] have been proposed in recent years.

A combination of computer vision techniques and deep learning algorithms have
been extensively employed in various fields of agricultural production, and numerous
studies have demonstrated promising outcomes [17-19]. However, most existing studies
on flower recognition only focused on identifying flower species and not flowering period
recognition [20-22]. This study aims to find a lightweight and high-precision YOLO
algorithm and attempts to improve it to be more suitable for use on inexpensive camera
devices to identify and distinguish the flowering periods of yellow chrysanthemums.

2. Materials and Methods
2.1. Data Collection

The original dataset includes bud and bloom images of chrysanthemums taken by
camera equipment in a chrysanthemum plantation. The greenhouse is about 3 m high,
and chrysanthemums are about 50-70 cm above the ground. Agricultural facilities such
as lighting and sprinklers are generally installed at about 2.5 m. The camera needs to be a
certain distance above the chrysanthemum to achieve effective collection. Therefore, we
collected data at a height of 2-2.5 m. The dataset was manually labeled with the aid of
Labellmg, and 250 images were selected after data cleaning. The dataset is split into a
training-validation set and test set by a ratio of 9:1, and the training-validation set is further
split by a ratio of 9:1. Figure 1 illustrates sample images of flower buds (Figure 1b) and
blooming flowers (Figure 1a). Correspondingly, the number of flower buds and blooming
flowers are shown in Table 1.
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(b)
Figure 1. Labeling of yellow chrysanthemums in blooming and bud stage. (a) blooming stage.
(b) bud stage.
Table 1. Structure of data set.
Objective Number
bud 939
blooming 326

2.2. YOLOw5 Model

The YOLOVS5 detection algorithm released by Ultralytics in 2020 is a lightweight
model. YOLOVS5 utilizes two parameters of multiple-depth (named depth_multiple) and
multiple-width (named width_multiple) to control four structures: YOLOv5s, YOLOv5m,
YOLOV5], and YOLOv5x. YOLOVS5s consists of three parts: backbone, neck, and head, as
shown in Figure 2.

Figure 2. YOLOvVb5s structure diagram.

The Yolov5s detection algorithm utilizes CSPDarknet as the backbone feature extrac-
tion network, encompassing four crucial characteristics: Residual, CSPnet, SiLU activation
function, and Spatial Pyramid Pooling—Fast (SPPF) structure.
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The Residual facilitates the optimization and accuracy enhancement of the model
by adding significant depth. Additionally, the internal residual blocks employ jump
connections to counteract the gradient disappearance that arises with increasing depth in
deep neural networks.

The CSPnet network structure, generated from the CSPNet design idea, splits the
input into two branches for convolution operation and some residual blocks and then
splices the two branches to reduce computation while maintaining accuracy.

SiLU (Figure 3) is an improved function based on Sigmoid and ReLU. It is non-
monotonic, smooth, and without upper or lower bounds.

f (x) =x*sigmod (x)

12

10

SiLU(X)

- o I

Figure 3. SiLU activation function.

The SPPF structure evolved from Spatial Pyramid Pooling (SPP) to reduce computa-
tional workload and enhance network speed. Its feature extraction is achieved through
maximum pooling with different pooling kernel sizes to improve the perceptual field of
the network.

2.3. Coordinate Attention

Squeeze-and-Excitation attention (SE) is sufficient for modeling. However, it needs
to pay more attention to the importance of location information, which is crucial for
explaining the spatial structure of visual targets [23]. The Convolutional Block Attention
Module (CBAM) incorporates location information by globally pooling over channels to
address this issue. However, this approach can only capture local information and obtain
short-range dependent information [24]. Specifically, CBAM uses a weighting scheme
that takes the maximum and average values of multiple channels at each location. As a
result, this approach only considers local information but lacks global context information;
therefore, it can’t capture the spatial structure of the targets well.

As shown in Figure 4, the coordinate attention (CoordAtt) [25] mechanism provides
a novel and efficient approach for attention mechanisms by embedding location infor-
mation into channel attention. This approach allows for acquiring more significant scale
information with less overhead. The mechanism replaces the 2-D global pooling with two
parallel 1-D feature encodings, thereby preserving location information and reducing the
calculational workload. The feature encodings integrate spatial coordinate information by
aggregating input features into perceptual feature mappings in both vertical and horizontal
directions. These feature mappings with orientation-specific information are further en-
coded into two separate attention mappings. Each of these attention mappings captures the
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long-range dependencies of the input feature maps along a spatial direction. This encoding
approach ensures the location information is retained in the generated attention mappings.
Subsequently, the two attention mappings are multiplied and applied to the input feature
map to highlight relevant features. Specifically, for a given input X, each channel is encoded
along the horizontal and vertical coordinates using two spatially-scoped pooling kernels of
size (H, 1) or (1, W), respectively. Thus, the output of the c-th channel at height h can be
formulated as:

1
h .
z}(h) = W Zogigw xc(h, 1) 1)

Input
Residual CxHxW

CxHx1 [ X Avg Pool ][ X Avg Pool ] Cx1xW

y y
[ Conat + Conv2d ] C/rx1x(W+H)

A
[ BatchNorm + Non-linear ] C/rx1x(W+H)

y y

CxHx1 [ Conv2d ][ Convad ] Cx1xW
\ 4 4

CxHx1 [ Sigmoid ][ Sigmoid ] Cx1xW

CxHxW

Output

Figure 4. Coordinate attention (CoorAtt) block structure. Here, X Avg Pool” and "Y Avg Pool’ refer
to 1-D horizontal global pooling and 1-D vertical global pooling, respectively.

Similarly, the output of the c-th channel of width w can be written as:

1 .
Zéu(w) - H ZOSjSH XC(], w) ()

The above two equations aggregate features along two spatial directions to generate
a pair of directional perceptual feature mappings. Afterward, the aggregated feature
mappings generated by Equations (1) and (2) are stitched together and passed through the
shared 1 x *1 convolutional (Conv) transform function F; to obtain:

r=e(m (=) ®

Here, f (f € RE/™(H+W)) js an intermediate feature map that encodes the spatial

information in the horizontal and vertical directions, [zh, zw} represents the concatenation
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of feature maps generated along the two spatial dimensions, and J is a non-linear activation
function. Subsequently, f is partitioned into two independent tensors, namely, " € R¢/7<H
and f* € RY/™W corresponding to the two spatial dimensions, respectively. These tensors
are then fed into two 1/times1 convolutional transforms Fj, and F, to produce intermediate
feature maps ¢" (as shown in Equation (4)) and ¢“ (as shown in Equation (5)), both of
which have the same number of channels as the input tensor X.

& =o(A(f")) @

8" = o(Fu(f*)) ®)
Outputs ¢" and ¢“ are expanded and used as attention weights, respectively. The
expanded attention weights are then used to modulate the original feature map X to
produce the output Y of the proposed coordinate attention mechanism, as defined in

Equation (6).
ye(ir) = xe(irj) > 82 (1) < 8¢ (j) (6)
The backbone network structure after adding the coordinate attention block is shown

in Figure 5.

N RN RN Ko R N Ko Nem Re Ny Ree

Figure 5. Backbone network structure after integrating coordinate attention block.

2.4. RepVGG Block

Enhancing the representation capability of the model is crucial in object detection.
While convolutional neural networks (CNNs) have evolved rapidly and exhibited powerful
multi-scale representation capabilities, they also tend to result in more extensive and slower
models. Yolov5 utilizes a bottleneck structure to more effectively propagate gradient
information. However, this also increases the computational complexity. To alleviate
this issue, Xiaohan Ding et al. [26] proposed the RepVGG network, which employs the
structural reparameterization technique to convert the multi-branch model into a single-
branch model during the inference period. Thus, this paper introduces the RepVGG block
to replace the convolution block of the YOLOvb5s algorithm to improve the network’s
learning ability. In this paper, the RepVGG block is used for down-sampling (stride = 2)
during training (Figure 6).

Conv2d Conv2d
k3,82,p1 k1,s2,p0
BN BN

Figure 6. RepVGG block structure diagram.
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The parallel multi-branch structure of the RepVGG block enhances the model'’s rep-
resentation capability. In the backbone network, the RepVGG block structure adopts
a down-sampling strategy with a stride of 2 and reconstructs the 3 x 3 convolution of
YOLOvb5s by introducing a 1 x 1 convolution branch. Figure 7 shows the overall backbone
network structure after integrating the coordinate attention and RepVGG blocks.

[Coan RVHCS HCAH RV]—)[C3 HCAH RV HC3 HCAH RVHC3 HCA]—-)[SPPF]

Figure 7. Structure of backbone network after integrating coordinate attention block and
RepVGG block.

2.5. Structural Reparameterization

Combining the stronger representability of multi-branch models and the faster speed
and more efficient memory of single-branch models, a structural reparameterization was
designed by using RepVGG block (a ResNet-style multi-branch model) for training and
converting to a VGG-style single-way model for inference. As shown in Figure 8, Figure 8a
represents the network structure used in RepVGG training, and Figure 8b represents the
network structure used in inference.

Ib
stride=2 3%3 1x1 stride=2 3%3
72
L/
I:III | I——
[
3x3 1x1 3x3
S
IZ'/:I ——
I
3x3 1x1 3x3
S2a
L/
—— —
I
3x3 1] 3x3
SZa
I:f:l ?
(a)RepVGG training (b)RepVGG inference

conv | SiLU D Identity

Figure 8. Sketch of RepVGG architecture.

As illustrated in Figure 9, structural reparameterization involves two primary stages.
In the first stage, the conv layer and BN layer are merged into a single 3 x 3 conv, and the
branch containing only BN is also converted into a separate 3 x 3 conv. In the second stage,
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the 3 x 3 convolutional layers on each branch are merged into a single layer. This fusion
technique brings more efficient computation and faster convergence during the training
process, which is particularly important for large-scale deep-learning applications. By
combining these linear operations, deep learning models can achieve better performance
with less computational and memory requirements.

OO
OO

L J
Rl

conv parameters
M. 0,y B

BEEE HHBE BEER

BN paramenters

3

3x3 3x3 3x3
b
N
A
(a) Perspective Of stmcture (b) Perspecuve 0Of parameter
conv layer [: BN layer [[1  parameter [ zerovalue

Figure 9. Structural reparameterization of RepVGG block.

2.5.1. Convergence of Conv and BN

In deep learning architectures, convolution (Conv) and batch normalization (BN)
layers are commonly used to extract features and accelerate training convergence. These
layers are typically implemented as distinct operations, but their linear characteristics allow
them to be fused into a single operator to improve computational efficiency and reduce
memory overhead. The number of channels in each convolutional kernel is equal to the
number of channels in the input feature map in the Conv layer, and the number of kernels
determines the number of channels in the output feature map. The inference time of the
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BN layer consists of four main parameters: accumulated mean (), variance (02), learned
scaling factor (y), and bias (3). Here, the values of n and o2 are obtained by statistics, while
v and (3 are obtained through learning during the training process.

The calculation formula for the i-th channel of the feature map in the BN layer is
expressed by Equation (7). Here, € is a minimal constant as a stabilizer to prevent dividing
by zero.

Vi = === 7+ Bi @)

Equation (8) is reformulated from Equation (7). Here, M represents the input feature
map (Activation) of the BN layer, and € is omitted for simplicity.

bn(M, p, 0, 9, B). i, = (M i — i) % + Bi ®)
1
The updated calculation formulas for the convolutional layer’s weight parameters are

expressed as Equations (9) and (10). Here, W’ and b’ represent the updated weights and
biases for the i-th convolutional kernel, respectively.

)

b, = i — E (10)

2.5.2. Converting 1 x 1 Layer to 3 x 3 Layer

Figure 10 illustrates the convolutional kernel within the 1 x 1 convolutional layer.
By enhancing the original weights with a circular border of zeros, a 3 x 3 convolutional
layer is obtained. It is worth noting that to ensure that the height and width of the input
and output feature maps remain unchanged, the padding must be set to 1 (the original
convolutional kernel size is 1 x 1 with the padding of 0). Finally, the convolution and BN
layers can be fused following the steps described in Section 2.5.1.

Xp | X2 | X3 0 0 0

X4 | X5 | Xe k1 |:> 0 [ kg | O

X7 | X8 | Xo 0 0 0

Input feature map origin kernel weight: 1 converted kernel weight: 1
stride=1, padding=0 stride=1, padding=1

Figure 10. Converting 1 x 1 Conv to 3 x 3 Conv.

2.5.3. Multi-Branch Fusion

After performing the fusion of Conv and BN, as well as the conversion of 1 x 1 layer
to 3 x 3 layer, the entire convolution block is transformed into a multi-branch structure
composed entirely of 3 x 3 convolutions. According to Equation (10), the resulting structure
can be converted into a single 3 x 3 convolution layer (as shown in Equation (11)) by simply
adding the parameters to each convolutional layer. Here, ® denotes the convolution operation.

0= (I@Kl+Bl)+(I®K2+Bz)—|—(I®K3+Bg) :I®(K1+K2+K3)+(31+Bz+33) (11)
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3. Results and Discussion
3.1. Experimental Environment Configuration

The hardware environment used for the network training in this paper is a Ten-
cent Cloud server with Intel Xeon Cascade Lake 8255C (2.5 GHz), 10-core vCPU, 40 GB
RAM, and 1 Tesla V100-NVLINK-32. The software environment is a combination of
Ubuntu20.04 + python3.8 + pytorch1.10.2.

The size of the images sent to the network for training is uniformly set to pixels of
640 x 640, and the batch size is set to 32. To increase the diversity of training samples and
improve the robustness, Mosaic data augmentation is used to train 300 epochs.

3.2. Evaluation Indicators

The classifier for the measured case and predicted case in the experiment is shown
in Table 2. True Positive (TP) means both the measured case and the predicted case are
positive. False Positive (FP) means the measured case is negative, and the predicted case
is positive. False Negative (FN) means the measured case is positive, and the predicted
case is negative. True Negative (TN) means both the measured case and the predicted case
are negative.

Table 2. Classification of measured and predicted samples.

Predicted Case
Measured Case " -
Positive Sample Negative Sample
Positive sample TP FN
Negative sample FP TN

This study employs a series of performance indicators to evaluate the efficacy of the
proposed approach. These indicators include precision (P), recall (R), and mean average
precision (mAP). P refers to the ratio of correctly identified positive samples to the total
number of predicted positive samples. R corresponds to the ratio of correctly identified
true positive samples to the overall number of measured positive samples. The average
precision (AP) is the average of the precision values over the area under the Precision-Recall
curve and the coordinate axes and is typically computed by integration methods. The mean
average precision (mAP@.5) is the average of the AP values for each detected category. The
mAP value is usually calculated using Intersection over Union (IoU) with a threshold of
0.5. Specifically, the indicators are determined by the following formulas.

ANB
JoU ="— 12
ol 108 (12)
TP
P= TP +FP (13)
TP
R= TP +FN (14)
1
AP — / P(r)dr (15)
0
2‘521 APi
mAP = IT (16)

In Equation (12), A and B are the measured and predicted values, respectively. In
Equation (16), S is the number of detected categories, AP; represents the accuracy rate of
the i-th category.
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3.3. Training Results

The improved model combines a modified attention mechanism and RepVGG block
based on the same experimental configuration as the original YOLOv5s algorithm. Specifi-
cally, the improved algorithm is trained throughout 300 rounds using the generated training
dataset. The outcomes of this training process are illustrated in Figure 11, where the blue
line represents the average accuracy curve for an IoU threshold of 0.5, and the red line
corresponds to the average accuracy curve for an IoU threshold between 0.5 and 0.95 with
a step size of 0.05. The horizontal axis denotes the number of training rounds, while the
vertical axis represents the mAP values. Obviously, the model exhibits slow learning ability
before the 50th round of training, followed by a rapid convergence between rounds 50 and
150. Moreover, the mAP values gradually tend to stabilize after 200 training rounds.

—— mAP@O0. 5
1 — mAP@0. 5:0. 95
1.0+
0.8
0.6 - |
A |
E |
0.4
0.2
0.0
I T I T I I T = T I T I
0 50 100 150 200 250 300
Epoch

Figure 11. Model training epochs.

3.4. Algorithm Performance Comparison

To compare the performance of the proposed CR-YOLOv5s algorithm to other al-
gorithms of conventional YOLOv5s and typical deep learning models, we conducted a
comparative experiment and listed the results in Table 3. Here, ten algorithms were in-
volved in the experiment, that is, Faster R-CNN [27], SSD [28], YOLOv3-Efficient [29],
YOLOVS5s [30], YOLOV6 [12], YOLOV7 [13], YOLOVS [14], YOLOX [15], YOLOF [16], and
the improved CR-YOLOVS5s. The results showed that the YOLOv5s algorithm significantly
improved the mAP compared to the algorithms of Faster R-CNN and SSD. It is worth
noting that considering the lightweight network in the YOLO series, YOLOV5s is superior
to YOLOV3 in all performance indicators. In addition, the mAPs of YOLOv6 and YOLOv?7
are also less than YOLOv5s. Admittedly, the mAP of YOLOX has slightly improved than
that of YOLOvV5s, however, the number of parameters significantly increased. Regarding
the latest YOLO series algorithm YOLOF and YOLOVS, although YOLOv5s has a slightly
lower mADP, its parameters are only 6.69 MB, far lower than the 10.61 MB of YOLOv8 and
42.31 MB of YOLOEF. Some new blocks introduced by YOLOVS, such as C2f block used in
backbone network and Neck. It optimizes the model structure by increasing gradient flow
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and adjusting the number of channels. However, it may cause more hardware overhead.
Consequently, the YOLOv5s has been selected as the baseline for this paper.

Table 3. Performance comparison.

Algorithm Model Backbone APTT mAP/% fps Params GFLPs
Bud Blooming (MB)
Faste R-CNN Resnet50 79.34 87.81 83.58 10.35 137.1 370.21
SSD VGG 78.32 86.66 82.49 23.11 26.29 62.747
YOLOv3 Efficientnet 86.64 73.45 80.04 63.49 7.22 4.042
YOLOvV6 EfficientRep 91.50 86.00 88.80 73.13 4.63 2.83
YOLOv7 yolov7 backbone 91.00 77.00 84.10 34.66 37.62 106.472
YOLOvS8 yolov8 backbone 89.00 94.50 91.80 135.14 10.61 28.4
YOLOX Darknet53 89.30 98.74 89.52 95.24 54.21 156.011
YOLOF ResNet 88.08 96.03 92.06 0.63 42.31 107.14
YOLOvb5s-baseline CSPDarknet53 94.50 84.4 89.40 24.75 6.69 15.8
ours CSPDarknet53 94.40 934 93.9 19.08 6.4 15.2

To improve the classification accuracy for various flowering stages, even in complex
environmental interferences, the coordinate attention block was introduced. Additionally,
the RepVGG block was also used to enhance feature representation through a multi-branch
structure. A comparison of performance indicators between the improved YOLOv5s and
the original YOLOv5s revealed that the former significantly improves mAP and fps with
fewer computational parameters.

3.5. Ablation Experiments

The following ablation experiments were designed to verify the effectiveness of the
CoordAtt and RepVGG block. Based on YOLOvS5s, the CoordAtt, RepVGG block, or both,
were added to the experiments. Using the same training data set, the evaluation metrics
included precision rate P, recall rate R, and mean average precision (mAP). The results of
the ablation experiments are shown in Table 4.

Table 4. Ablation experiments.

Model Precision/% Recall/% mAP_0.5/%
YOLOvV5s 70.8 93.4 89.4
YOLOV5s + CoordAtt 84.4 88.1 91.6
YOLOV5s + RepVGG 86.7 82.1 91.8
YOLOV5s + CoordAtt + RepVGG 84.8 92.3 93.9

The CoordAtt embedded location information into channel attention to allow the
mobile networks to obtain larger-area information without increasing significant over-
heads. The result showed that adding the coordinate attention block increased mAP with a
2.2% improvement from 89.4% to 91.6%. It demonstrates that embedding location informa-
tion into channel attention and increasing the weight values of different flowering periods
with the Coord Att mechanism can improve the detection accuracy for chrysanthemums.

According to the experimental results, replacing the convolution block in YOLOv5s
with the RepVGG block increased the mAP of the model from 89.4% to 91.8%, a 2.4% im-
provement. This suggests that the RepVGG block enhances the modeling capability of the
YOLOV5s and improves flower detection accuracy.

Compared to the original YOLOVS5s, the incorporation of both the coordinate attention
block and the RepVGG block led to a slight loss of recall (with a 1.1% reduction) and a
significant increase in accuracy (14.0% increase in accuracy, and 4.5% increase in average
accuracy). Furthermore, the best optimization was generated by integrating the coordinate
attention mechanism and RepVGG block into YOLOv5s.
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3.6. Comparison and Analysis of Algorithm Detection Results

Figure 12 illustrates the detection results between the C-YOLOv5s (adding coordinate
attention block into the YOLOvb5s) and the original YOLOv5s algorithm. Introducing the
coordinate attention block could focus on more details for the images under a weak light
environment, thus improving the detection capability and robustness of the network.

@) (b)

Figure 12. Detection results adding or not adding coordinate attention block. (a) YOLOvVb5s.
(b) C-YOLOvbs.

Figure 13 shows the detection results between the R-YOLOv5s (adding RepVGG
block into the YOLOv5s) and the original YOLOvS5s algorithm. Introducing the RepVGG
block could improve the representation of the features and increase the perceptual field of
network layers. Figure 13 also showed that the RepVGG block could detect targets with
higher confidence, thus improving detection accuracy and speed.

Figure 13. Detection results adding or not adding RepVGG block. (a) YOLOv5s. (b) R-YOLOV5.

Figure 14 shows the detection results comparing CR-YOLOvV5s (adding CoordAtt
and RepVGG block into YOLOv5s) and the original YOLOvV5s. The experimental results
revealed that introducing CoordAtt enables the network to focus on small objects in a
larger area, enhancing the model’s robustness and detection accuracy. The introduction of
the RepVGG block further enhanced the model’s representation ability during training by
employing a multi-branch structure. The experimental results indicated that the proposed
algorithm is the best combination of high detection accuracy and high detection speed.
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Figure 14. Detection results of adding or not adding both coordinate attention block and RepVGG
block. (a) YOLOV5s. (b) CR-YOLOv5s.

4. Conclusions

In this paper, an improved algorithm CR-YOLOV5s is proposed to improve the de-
tection accuracy for small targets and occluded targets in the recognition of bud and
blooming flowers.

The coordinate attention mechanism is first introduced to enhance the receptive
field and embed positional information into the channel attention, enabling the mobile
network to obtain information from a larger area, thereby improving detection accuracy
and robustness. In addition, the convolution blocks in YOLOv5s are replaced with the
RepVGG block to enhance the representational capacity of the model at a lower cost.

The CR-YOLOVS5s algorithm has better detection accuracy and can be well applied
to flower stage detection. If more diverse and high-quality images can be obtained in the
future, such as images with multiple shooting distances or flowering degrees, the proposed
algorithm will be able to further improve the robustness and generality and may also be
further extended to longer-term monitoring and subdivided flower stage recognition.

Author Contributions: Conceptualization, D.W.; Formal analysis, D.W.; Funding acquisition, X.Z.;
Methodology, X.Z.; Resources, X.Z.; Writing—original draft, W.Z. All authors have read and agreed
to the published version of the manuscript.

Funding: This work was financially supported by the Zhejiang Forestry Science and Technology
Project (2023SY08).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The authors declare no conflict of interest.

1. Sun, K;Wang, X,; Liu, S.; Liu, C. Apple, Peach, and Pear Flower Detection Using Semantic Segmentation Network and Shape
Constraint Level Set. Comput. Electron. Agric. 2021, 185, 106150. [CrossRef]

2. Cheng, Z.; Zhang, F. Flower End-to-End Detection Based on YOLOv4 Using a Mobile Device. Wirel. Commun. Mob. Comput. 2020,
2020, 1-9. [CrossRef]

3. Dias, PA,; Tabb, A.; Medeiros, H. Apple Flower Detection Using Deep Convolutional Networks. Comput. Ind. 2018, 99, 17-28.

[CrossRef]

4. Oppenheim, D. Detecting Tomato Flowers in Greenhouses Using Computer Vision. Int. J. Comput. Inf. Eng. 2017, 11, 104-119.

5. Cibuk, M.; Budak, U.; Guo, Y.; Cevdet Ince, M.; Sengur, A. Efficient Deep Features Selections and Classification for Flower Species
Recognition. Measurement 2019, 137, 7-13. [CrossRef]

6. Tian, M,; Chen, H.; Wang, Q. Detection and Recognition of Flower Image Based on SSD Network in Video Stream. |. Phys. Conf.
Ser. 2019, 1237, 032045. [CrossRef]


https://doi.org/10.1016/j.compag.2021.106150
https://doi.org/10.1155/2020/8870649
https://doi.org/10.1016/j.compind.2018.03.010
https://doi.org/10.1016/j.measurement.2019.01.041
https://doi.org/10.1088/1742-6596/1237/3/032045

Sensors 2023, 23, 4234 15 of 15

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

Feng, J.; Wang, Z.; Zha, M.; Cao, X. Flower Recognition Based on Transfer Learning and Adam Deep Learning Optimization
Algorithm. In Proceedings of the 2019 International Conference on Robotics, Intelligent Control and Artificial Intelligence—RICALI
2019, Shanghai, China, 20-22 September 2019; ACM Press: Shanghai, China, 2019; pp. 598-604.

Lawal, O. Tomato Detection Based on Modified YOLOv3 Framework. Sci. Rep. 2021, 11, 1447. [CrossRef]

Wu, D.; Lv, S;; Jiang, M.; Song, H. Using Channel Pruning-Based YOLO v4 Deep Learning Algorithm for the Real-Time and
Accurate Detection of Apple Flowers in Natural Environments. Comput. Electron. Agric. 2020, 178, 105742. [CrossRef]

Farjon, G.; Krikeb, O.; Hillel, A.B.; Alchanatis, V. Detection and Counting of Flowers on Apple Trees for Better Chemical Thinning
Decisions. Precis. Agric. 2020, 21, 503-521. [CrossRef]

Li, Y; Rao, Y,; Jin, X,; Jiang, Z.; Wang, Y.; Wang, T.; Wang, F.; Luo, Q.; Liu, L. YOLOv5s-FP: A Novel Method for In-Field Pear
Detection Using a Transformer Encoder and Multi-Scale Collaboration Perception. Sensors 2023, 23, 30. [CrossRef]

Li, C; Li, L, Jiang, H.; Weng, K.; Geng, Y.; Li, L.; Ke, Z.; Li, Q.; Cheng, M.; Nie, W.; et al. YOLOV®6: A Single-Stage Object Detection
Framework for Industrial Applications. arXiv 2022, arXiv:2209.02976.

Wang, C.-Y.; Bochkovskiy, A.; Liao, H.-Y.M. YOLOV7: Trainable Bag-of-Freebies Sets New State-of-the-Art for Real-Time Object
Detectors. arXiv 2022, arXiv:2207.02696.

Jocher, G.; Chaurasia, A.; Qiu, J. YOLO by Ultralytics. 2023. Available online: https:/ /github.com /ultralytics /ultralytics (accessed
on 20 March 2023).

Ge, Z.; Liu, S.; Wang, F,; Li, Z.; Sun, J. YOLOX: Exceeding YOLO Series in 2021. arXiv 2021, arXiv:2107.08430.

Chen, Q.; Wang, Y.; Yang, T.; Zhang, X.; Cheng, J.; Sun, J. You Only Look One-Level Feature. In Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition, Virtual, 19-25 June 2021.

Yang, W.; Nigon, T.; Hao, Z.; Dias Paiao, G.; Fernandez, F.G.; Mulla, D.; Yang, C. Estimation of Corn Yield Based on Hyperspectral
Imagery and Convolutional Neural Network. Comput. Electron. Agric. 2021, 184, 106092. [CrossRef]

Yan, Q.; Yang, B.; Wang, W.; Wang, B.; Chen, P; Zhang, ]. Apple Leaf Diseases Recognition Based on An Improved Convolutional
Neural Network. Sensors 2020, 20, 3535. [CrossRef] [PubMed]

Li, G.; Chen, L.; Zhao, S; Liu, Y. Efficient Aircraft Object Detection Based on Faster R-CNN in Remote Sensing Images. In
Proceedings of the Second International Conference on Digital Signal and Computer Communications, Changchun, China,
8-10 April 2022; Volume 12306, p. 123060U. [CrossRef]

Lu, J.; Lin, W,; Chen, P; Lan, Y.; Deng, X.; Niu, H.; Mo, ].; Li, J.; Luo, S. Research on Lightweight Citrus Flowering Rate Statistical
Model Combined with Anchor Frame Clustering Optimization. Sensors 2021, 21, 7929. [CrossRef]

Lee, U.; Islam, M.P; Kochi, N.; Tokuda, K.; Nakano, Y.; Naito, H.; Kawasaki, Y.; Ota, T.; Sugiyama, T.; Ahn, D.-H. An Automated,
Clip-Type, Small Internet of Things Camera-Based Tomato Flower and Fruit Monitoring and Harvest Prediction System. Sensors
2022, 22, 2456. [CrossRef]

Lyu, S.; Zhao, Y.; Li, R;; Li, Z,; Fan, R,; Li, Q. Embedded Sensing System for Recognizing Citrus Flowers Using Cascaded Fusion
YOLOvV4-CF + FPGA. Sensors 2022, 22, 1255. [CrossRef]

Hu, J,; Shen, L.; Albanie, S.; Sun, G.; Wu, E. Squeeze-and-Excitation Networks. IEEE Trans. Pattern Anal. Mach. Intell. 2020, 42,
2011-2023. [CrossRef]

Woo, S.; Park, J.; Lee, J.-Y.; Kweon, 1.S. CBAM: Convolutional Block Attention Module. In Proceedings of the Computer Vision—ECCV
2018; Ferrari, V., Hebert, M., Sminchisescu, C., Weiss, Y., Eds.; Springer International Publishing: Cham, Switzerland, 2018;
pp- 3-19.

Hou, Q.; Zhou, D.; Feng, J. Coordinate Attention for Efficient Mobile Network Design. In Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition, Virtual, 19-25 June 2021.

Ding, X.; Zhang, X.; Ma, N.; Han, J.; Ding, G.; Sun, J. RepVGG: Making VGG-Style ConvNets Great Again. In Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern Recognition, Virtual, 19-25 June 2021.

Ren, S.; He, K,; Girshick, R.; Sun, J. Faster R-CNN: Towards Real-Time Object Detection with Region Proposal Networks. IEEE
Trans. Pattern Anal. Mach. Intell. 2017, 39, 1137-1149. [CrossRef]

Liu, W.; Anguelov, D.; Erhan, D.; Szegedy, C.; Reed, S.; Fu, C.-Y.; Berg, A.C. SSD: Single Shot MultiBox Detector. In Proceedings
of the Computer Vision—ECCV 2016; Leibe, B., Matas, ., Sebe, N., Welling, M., Eds.; Springer International Publishing: Cham,
Switzerland, 2016; pp. 21-37.

Redmon, J.; Farhadi, A. YOLOvV3: An Incremental Improvement. arXiv 2018, arXiv:1804.02767.

Jocher, G.; Stoken, A.; Borovec, J.; Changyu, L.; Hogan, A. Ultralytics/Yolov5: V3.1—Bug Fixes and Performance Improvements.
2020. Available online: https://github.com /ultralytics/yolov5 (accessed on 20 March 2022).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1038/s41598-021-81216-5
https://doi.org/10.1016/j.compag.2020.105742
https://doi.org/10.1007/s11119-019-09679-1
https://doi.org/10.3390/s23010030
https://github.com/ultralytics/ultralytics
https://doi.org/10.1016/j.compag.2021.106092
https://doi.org/10.3390/s20123535
https://www.ncbi.nlm.nih.gov/pubmed/32580395
https://doi.org/10.1117/12.2641804
https://doi.org/10.3390/s21237929
https://doi.org/10.3390/s22072456
https://doi.org/10.3390/s22031255
https://doi.org/10.1109/TPAMI.2019.2913372
https://doi.org/10.1109/TPAMI.2016.2577031
https://github.com/ultralytics/yolov5

	Introduction 
	Materials and Methods 
	Data Collection 
	YOLOv5 Model 
	Coordinate Attention 
	RepVGG Block 
	Structural Reparameterization 
	Convergence of Conv and BN 
	Converting 1  1 Layer to 3  3 Layer 
	Multi-Branch Fusion 


	Results and Discussion 
	Experimental Environment Configuration 
	Evaluation Indicators 
	Training Results 
	Algorithm Performance Comparison 
	Ablation Experiments 
	Comparison and Analysis of Algorithm Detection Results 

	Conclusions 
	References

