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Abstract: In large-scale sow production, real-time detection and recognition of sows is a key step
towards the application of precision livestock farming techniques. In the pig house, the overlap
of railings, floors, and sows usually challenge the accuracy of sow target detection. In this paper,
a non-contact machine vision method was used for sow targets perception in complex scenarios,
and the number position of sows in the pen could be detected. Two multi-target sow detection and
recognition models based on the deep learning algorithms of Mask-RCNN and UNet-Attention were
developed, and the model parameters were tuned. A field experiment was carried out. The data-set
obtained from the experiment was used for algorithm training and validation. It was found that
the Mask-RCNN model showed a higher recognition rate than that of the UNet-Attention model,
with a final recognition rate of 96.8% and complete object detection outlines. In the process of image
segmentation, the area distribution of sows in the pens was analyzed. The position of the sow’s head
in the pen and the pixel area value of the sow segmentation were analyzed. The feeding, drinking,
and lying behaviors of the sow have been identified on the basis of image recognition. The results
showed that the average daily lying time, standing time, feeding and drinking time of sows were
12.67 h(MSE 1.08), 11.33 h(MSE 1.08), 3.25 h(MSE 0.27) and 0.391 h(MSE 0.10), respectively. The
proposed method in this paper could solve the problem of target perception of sows in complex
scenes and would be a powerful tool for the recognition of sows.
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1. Introduction

In China, African swine fever is ravaging farms across the country, the pig-raising in-
dustry is set to be upgraded with technological innovations [1]. At present, the management
of livestock production mainly relies on experienced farmers [2], which is time-consuming
and greatly dependent on individual judgments [3]. With the rapid expansion of the farms
and the increased number of livestock, new technologies are urgently needed to improve
production efficiency. The technologies of precision livestock farming have proved a suc-
cess in many fields, and machine vision perception in pigs is one of the key applications [4].
In the production of sows, the sows’ reproductive performance most important factor in
the production efficiency of a pig farm [5-8]. The quick recovery of sows after giving
birth can help to increase their follow-up breeding rate. In this process, the observation,
identification, and tracking of sows are essential for better farm management and pro-
duction performance [9]. Identifying sows through contact-free machine vision tracking
is a first step in the development of smart pig farms [10-13]. With the development of
machine vision technology and artificial intelligence (Al), the behavior of animals can even
be perceived without human participation in daily management [14].
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Object detection is a type of machine vision technique for detecting the region of
interest (target object) in digital images, which has been of considerable interest in precision
livestock farming [15-21]. In recent years, a series of object detection algorithms [22-24]
based on deep learning have been developed with advantages of high precision, fast speed,
and strong practicability in the field. Deep learning technology has been used for the
detection of animal objects [14,25-28] and has also been used for the assessment of animal
welfare [12,29-31]. The Convolutional Neural Network (CNN) based on deep learning has
shown superior performance in pig image segmentation, behavior recognition, posture
detection, and identification [29,32-35]. However, these applications are mostly in a simple
scene and controlled condition with limited disturbances.

In a pig house, objects with different shapes, colors, and influencing factors, such as
illumination, occlusion, and adhesion, will challenge the performance of target detection.
Through literature, it is found that the YOLO method has been widely used in animal
detections, but it also requires high hardware capacity which is very expensive [36]. In
the follow-up study, the application of real-time sow detection will be performed in large-
scale farms, therefore, the cost and running speed of the sow detection models needs to
be comprehensively considered. The deep learning algorithms called Mask R-CNN and
UNet-Attention have shown good detection capabilities on targets of various circumstances
and have been successfully applied in many fields [37,38], with relatively low expense in
hardware and high calculating speed. In the algorithm of UNet-Attention, an attention
mechanism is added to improve the effectiveness of the model, which focuses on regional
information conducive to object realization and suppresses irrelevant information. The
UNet-Attention model has a simple algorithm statement, and even low-resolution informa-
tion could be easily located and recognized. Its segmentation speed is fast, which can meet
the purpose of real-time monitoring of sows. The algorithm based on the Mask Scoring R-
CNN framework is supposed to solve image segmentation from complex backgrounds [39].
The Mask RCNN is designed for image instance segmentation, which has an advantage in
instance segmentation from the complex background image [38]. Both algorithms do not
require high hardware capacity and can rapidly recognize the target form images, which
are suitable for real time and large-scale applications in the future.

Up until now, very few studies have been reported in the sow image segmentation
using the UNet-Attention and Mask R-CNN algorithms. Therefore, it is necessary to
analyze these two algorithms for the sow’s object detection in complex scenes.

In this study, deep learning and image analysis technologies have been used to rapidly
acquire sow information in complex scenes. The main contents are as follows: Development
of sow target detection method based on deep learning algorithms; Assessment of the
segmentation and recognition performances in sow detection between Unet-Attention and
Mask-RCNN algorithms; Identity and analysis of sows’ behaviors in the pen, based on the
segmentation.

2. Materials and Methods
2.1. Animal and Housing

The experiment was conducted on a pig farm in Shandong province, China. The target
objects were randomly selected Yorkshire pigs of 2nd-3rd Birth, weighing 245-260 kg.
There were a number of 416,873 images were collected. These sows were raised in large
pens and fed once a day at 10:00 a.m. and provided ad libitum water from the drinking
trough. The sows can move freely in the pen. Due to free movement and contact of the
sows, adhesion of sows in images often occurred. The room temperature was maintained
at 29-30 °C. The size of the large pen was 3.15 m (L) x 2.06 m (W) x 2.44 m (H). The
schematic diagram of the pig raising system is shown in Figure 1.
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Figure 1. Data acquisition platform.

2.2. Data Acquisition Platform

The image acquisition equipment was Azure Kinect DK (Microsoft Corporation,
U.S.). The camera continuously collected digital images and videos in .mkv format (16:9;
1920 * 1080 pixels), with a sampling frequency of 60 Hz. As shown in Figure 1, the camera
was connected to a computer through a USB 3.0 cable for storing data. The open source
programming language of Python was used in the acquisition procedures.

The Kinect DK captured images of the sow as well as other things of feeder, drinking
trough, railings, floor, etc., which formed a complex environment during the target detection
process. The preprocessing procedures were as follow:

1. The collected video set in .mkv format was processed into .JPG format images through
Python language, and then labeled with the Labelme software to form a .json format
file.

2. In the training process, to increase the robustness of the Convolutional Neural Net-
work, the input image of the sow was augmented. The data augmentation mainly
used horizontal and vertical flipping, cropping, scale transformation, and rotation.
The diversity of the data was also increased in this process.

2.3. Model Development

The program was run under the Pytorch framework in the Ubuntu1l6.04 system, and
CUDAS.0 and cuDNNG5.0 were used to accelerate training. The Central Processing Unit
(CPU) of deep learning machines was Corei7-8700k (Intel), and the graphics processing
unit (GPU) was GTX1080Ti (NVIDIA), and the memory was 32 GB. The data-set had a
total number of 416,873 images. The image structure similarity algorithms were used for
selection [40] to avoid a large number of similar images. A number of 15,094 images were
sorted out. The data-set was divided into the training set and test set, according to the
ratio of 9:1. The images were evenly divided into two data-set according to the complexity
(stocking density and scale) during training and testing processes. Two optimized deep
learning models Unet-Attention and Mask R-CNN were developed for analysis.

2.3.1. Development of the Sow Detection Model Based on Unet-Attention

The Unet-Attention was an algorithm based on the Unet network structure, which had
been proposed by Ozan Oktay [37]. To better extract the sows from complex backgrounds in
this study, the convolution kernel of stage? to stage4 in the Attention module was replaced
with deformable convolution (DCNV2). The network structure is shown in Figure 2 [37].
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Figure 2. Block diagram of the Unet-Attention segmentation model.

Unet-Attention included two stages, with the first stage of down-sampling and the
second stage of up-sampling. The down-sampling part was Visual Geometry Group
Network 16 (VGG16), and the feature maps corresponding to the down-sampling layer
were spliced in the up-sampling stage to achieve feature fusion. Before the down-sampling
features were spliced with the up-sampling features, the attention block was used to re-
adjust the down-sampling features. This module generated a gating signal to control
the importance of features at different spatial locations. Specifically, the input features
(x!) were scaled with attention coefficients () computed in Attention Gate (AG), and the
spatial regions were selected by analyzing both the activations and contextual information
provided by the gating signal (g) collected from a wide scale. The grid resampling of
attention coefficients was done using trilinear interpolation [37]. The Attention Block is
shown in Figure 3:
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Figure 3. The proposed AG Attention Block.

In the application of Unet-Attention, the input image was progressively filtered and
downsampled by factor 2 at each scale in the encoding part of the Unet network. The Ags
filtered the features propagated through the skip connections. The feature selectivity in Ags
was achieved by using contextual information (gating) extracted in wide scales (Figure 3).

The Equation (1) of Attention Block is as follows:

Qo = ‘PT((H(W){X% + Wngi +bg)) + by

l

1)
i ‘TZ(qétt(Xffgi/' Out))

14

where «; is the attention coefficient, x! is the input features of channels change, YT W are
operations of vectorization, g is the gating signal, I is convolution layer, @' is the trainable
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kernel parameters, I is the pixel vector 0, corresponds to the sigmoid activation function,
parameters @, contains: linear transformations by, by are model bias terms.

In the process, ¢ and x/ were multiplied by the weight matrix, which could be learned
through backpropagation. The importance of each element was determined according to
the goal of the algorithm. The term of attention was introduced to increase the weight
matrix and to learn the importance of each element and the target.

The uNet-Attention algorithm used a deformable convolution kernel. Compared
with the traditional convolution kernel whose size was fixed, the sampling method of the
deformable convolution kernel was obtained through learning, mainly by adding offsets to
the traditional convolution sampling points to obtain new sampling points and at the same
time adding a modulation mechanism.

The deformable convolution can not only offset the input but also adjust the weight of
each position input, as shown in Equation (2).

K
y(p) = Y wk-x(p+ pk+ Apk) - Amk )
k=1

where the convolution kernel has k sampling positions, wy and pj represent the weight
of the k position and the preset offset respectively, Amk is set to add the weight of each
sampling point.

For the loss function of the uNet-Attention algorithm, the Focal Loss was adopted, For
y > 0, p was the probability of the output of the model «, which balanced the contribution
of positive and negative samples to the final loss, as shown in Equation (3).

_ —a(1—y")logy’, y=1
Ln ={ o ™0,y Lo ®

Intuitively, the modulation factor reduced the loss contribution of the simple example
and extended the low loss range of the samples [41].

2.3.2. Development of Sow Detection Model Based on Mask-RCNN

The Mask-RCNN is a model for instance segmentation, developed on the basis of
Faster R-CNN, a region-based convolutional neural network. The Mask Branch of a
small network of Fully Convolutional Networks for Semantic Segmentation (FCN) is
supplemented in the Mask-RCNN model. During the process of Mask-RCNN, images were
loaded and correspondingly preprocessed using pixel-level prediction to get the label map.
The preprocessed images were then put into a pre-trained neural network (ResNeXt, etc.)
to obtain the feature maps. A predetermined ROI (Region of interest) for each point in the
feature map was set to get multiple candidate ROIs. Next, the candidate ROIs to the Region
Proposal Network (RPN) were used for binary classification (foreground or background)
and Bounding-Box (BB) regression and filtration. The ROI Align operation was performed
on the remaining ROIs. The Mask-RCNN model used a per-pixel sigmoid. In the training
step, for ROl in the Kth category, only the Kth mask contributes to Ly,,sk of average binary
cross-entropy loss. The overall process is shown in Figure 4 [38].

Roi Pooling

>< ¢ Lels

= conv

Figure 4. Mask-RCNN overall flow chart.
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Backbone is a series of feature maps that convolutional layer was used to extract
images. The backbone of Mask-RCNN was deep residual network 50 (ResNet-50), which
provided a favorable train of thought for training deeper networks. ResNet used cross-layer
connections to make training easier. The ResNet-50 backbone was used along with the
improvement of training performance and speed. The FPN (feature pyramid networks)
structure was composed of three parts: bottom-up, top-down, and horizontal connection.
This structure could merge the features of each level to make it have both strong semantic
and spatial information. The stage2 to stage4 in ResNet-50 convolution kernel was replaced
with 5 identity blocks of deformable convolution DCN (Deep Cross Network) and ResNet-
50.

Mask-RCNN was decomposed into three modules: Faster R-CNN, ROI Align, and
FCN.

There was an ROI Align after ‘head section’, which was to enlarge the output dimen-
sion of ROI Align, to be more accurate when predicting mask. The ROI Align mainly
canceled the quantization operation and used the method of bilinear interpolation to obtain
the image value of pixels with floating-point coordinates, transforming the whole feature
aggregation process into a continuous operation [38]. The process is illustrated in Figure 5.

softmax

ResNet- 3 /A
50
77

Coordinate not-quantized N Coordinate not-quan . Coordinate
On image On feature map On Rol feature

Figure 5. Characteristics of ROI Align.

There was no quantitative deviation for the ROI Align solution. The pixels in the
original image and the pixels in the featured map were completely aligned, which could
improve the detection accuracy of the model and promote the algorithm ability for instance
segmentation.

For the loss function of the Mask-RCNN algorithm, on the basis of the Fast Region-
based Convolutional Network method (Fast R-CNN), a third loss function for mask gener-
ation was added. The mask branch had an output of the Km+m dimension for each ROI,
where K represented two-class masks for encoding mx*m images, and each mask had K
categories. The mask map had K channels, which represented the number of possible
categories of the target. When calculating Lp,,sk, only k-th map of these K maps were
processed, and this k represented the object category of the ROI area located by another
recognition branch. For an ROI belonging to the k-thcategory, L,k only considered the
k-th mask, and other mask inputs did not contribute to the loss function. Such a definition
would allow a mask to be generated for each category, and there would be no inter-class
competition. The multi-task loss function is as follow [38]:

L= Lcls =+ Lbox + Lmask (4)



Agriculture 2022,12,73

7 of 19

2.4. Assessment of the Model

In this study, a dataset of images of sows in the pen was used to assess the proposed
algorithms. The performance of the classification was measured by Equations (5) and (6).
The obtained results from the detection models were assumed positive or negative.

TP

Y= Tp1Fp ©®)
TP
R= -~
TP+ FN ©)

where the number of correctly classified samples, that was the actually positive instances
(samples) were classified as positive, as true positives (TP), and the number of incorrectly
classified instances that were actually negative but classified as positive by the classifier
was defined as false positives (FP). The number of erroneously classified instances that were
actually positive but classified as negative by the classifier was defined as false negatives
(FN), and the number of negative instances that were actually negative and classified as
negative by the classifier was defined as true negatives (TN). P represented for precision,
which was the accuracy rate. R was recall, which was the recall rate.

The models were also assessed using the indicator of Intersection-over-Union (IoU),
which was a standard for measuring the accuracy of detecting corresponding objects in a
specific data set. The IoU represented the overlap rate or degree of overlap between the
generated candidate bound and the ground truth bound, in other words, the ratio of their
intersection and union. C was Candidate bound and G was Ground truth bound. The
expression is as follows:

IoU — area(C) Narea(G)
area(C) Uarea(G)

The Average Precision (AP) was used to evaluate the performance of the proposed
models, which averaged the precision rates of all categories by combining IoU as the
boundary. The AP measured the accuracy of the algorithm predictions and illustrated
the percentage of algorithm positive predictions. The Average Recall (AR) referred to the
maximum recall rate in a given number of the test results, and the average value was calcu-
lated on all IoUs and all categories. The IoU threshold value was defined as 0.50:0.75:0.95
to calculate the AP and AR and denoted as AP50/ AR50, AP75/AR75 and AP95/AR95,
respectively. To comprehensively analyze the model performance, different threshold
values were used, and non-maximal suppression was applied during the calculations. The
AP was also calculated based on area sizes in pixels with less than 322 between 322 and
962, and larger than 962, which corresponds to APs™all Apmedium g Aplarge respectively.
The term of maxDets referring to the maximum detection number of targets in an image
was used for defining the detection range.

@)

2.5. Sow Behavior Recognition Based on Image Segmentation

Sows have a higher awareness of regional space in a group-raising state and could
form a fixed area for behaviors of feeding and drinking, lying and moving around [42]. As
shown in Figure 6, it is a schematic diagram of the position of the sows in the pen. The
dark green part is the shared trough for the sows to feed and drink. The staff cleaned the
water tank at 7:30 every morning and maintained a continuous water supply. At 9:50 in
the morning, the water in the shared trough would be emptied, and the dry feed was then
concentrated and fed at 10:00-10:30 in the morning. After 10:30, the staff cleaned the trough
to prevent the left feed from becoming moldy. The drinking water was again switched on
to maintain ad libitum water supply.
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standing  J@pmm® lying SR L1 Sow head area

Figure 6. A schematic diagram of sows in the pen. Note: In order to ensure that each sow has a larger
living space, three sows could be accommodated in the real pen at a time. In order to better illustrate
the current situation, there are six sows drawn in this schematic diagram.

The green part in the image is the sow’s feeding and drinking area. When the sow’s
head segmentation image was in the green area, the behavior of feeding or drinking
behavior was recognized (the area in the red box in the figure). Due to the particularity
of the sow feeding process, only the period of 10:00-10:30 in the morning was used for
feeding, and if the head of the sow was detected in the feeding and drinking area during
this period, it was judged as the sow’s feeding behavior. On the contrary, in other periods, if
the head of the sow was detected in this area, it would be recognized as the sow’s drinking
behavior.

In Figure 6, when the sow’s head was detected in the gray area, and the sow is judged
as standing and lying behaviors. Aiming at how to distinguish lying down and standing
behaviors, this paper used the pixel value area method to identify the lying and standing
behaviors of sows. The IMAQ tool in the LabVIEW software (National Instruments, United
States) created the frame and calculated the image width (in pixels). The image type was
set to Grayscale, and the IMAQ tool extracted a monochrome plane, and the image Dst
Out function was a reference to the target image. When ‘Image Dst” was connected, ‘Image
Dst Out’ was the same as ‘Image Dst’. Then, the ROI To Mask function in the IMAQ tool
selected the region of interest, and finally, the pixel value was obtained. The block diagram
in LabVIEW is as shown in Figure 7.

File Path

Enable
ER
image lJ » = ImageCortrol :j’ i
Grayscale (U8) v| I!' ImageControl ROI y

Figure 7. Block diagram of calculating pixel value in LabVIEW.
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3. Results and Discussions
3.1. Performance of the Developed Models

In the complex pig house environment, the established deep learning target detection
algorithms perfectly identified the target object of the sow as shown in Tables 1-3. The
collected image data had been treated with preprocessing, model establishment, and
model recognition. The AP and AR were used as the performance evaluation indices, as
summarized in Tables 1 and 2. In the Tables, area referred to the number of pixels in the
segmentation mask, and the maxDets was the maximum detection threshold of each image.
It can be seen in Tables 1 and 2, the higher the value of IoU, the lower the accuracy and
recall rates. Table 3 shows the average precisions of Mask-RCNN under different settings,
where APs, APm, and APl stand for AP of small, medium and large objects, respectively.
In the algorithm evaluation, APsy was generally selected. The IoU threshold of the detector
was greater than 0.5, and the accuracy of MaskRCNN reached 96.8%. At the same time,
the model also defined different values, such as IoU and area for calculation. According to
Tables 1 and 2, the final model operation results were not as good as the model with IoU
greater than 0.5.

Table 1. The Average Precision (AP) rates of Mask-RCNN and UNet-Attention.

Model AP IoU Area maxDets

0.772 0.50:0.95 all 100

0.968 0.50 all 100

0.948 0.75 all 100

Mask-RCNN 0.000 0.50:0.95 small 100
0.083 0.50:0.95 medium 100

0.792 0.50:0.95 large 100

0.010 0.50:0.95 all 100

0.025 0.50 all 100

0.006 0.75 all 100

UNet-Attention 0.000 0.50:0.95 small 100
0.000 0.50:0.95 medium 100

0.046 0.50:0.95 large 100

0.010 0.50:0.95 all 100

Table 2. The Average Recall (AR) rates of Mask-RCNN and UNet-Attention.

Model AR IoU Area maxDets
0.291 0.50:0.95 all 1
0.802 0.50:0.95 all 10
0.802 0.50:0.95 all 100
Mask-RCNN 0.000 0.50:0.95 small 100
0.135 0.50:0.95 medium 100
0.823 0.50:0.95 large 100
0.004 0.50:0.95 all 1
0.030 0.50:0.95 all 1
, 0.167 0.50:0.95 all 5
UNet-Attention 0.000 0.50:0.95 small 100
0.000 0.50:0.95 medium 100
0.176 0.50:0.95 large 100

Table 3. Mask -RCNN performance Indicators.

Task AP AP50 AP75 Apsmall Apmedium Aplarge
Bbox 0.6586 0.9668 0.8543 0.0000 0.1010 0.6751
Segm 0.7720 0.9682 0.9480 0.0000 0.0826 0.7925
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A test set of sow images was used to verify the trained models. From Tables 1-3, it can
be seen that the Mask-RCNN algorithm shows better object detection performance. The
training and test images were filtered by the similarity algorithm [43] to get preprocessed
image data for predictions. Some scholars used image processing to recognize the postures
of animals [44,45], but the current segmentation performance was not good for animals
in complex environments. Interference from floors, railings, brackets, feeders, drinking
troughs affected the detection accuracy and could be misidentified as the sow target.

In this study, the Mask-RCNN algorithm accurately outlined the target object from the
complex background. The sow segmentation outcome determined the performance of the
algorithm. Figures 8 and 9 show the target object of perception using Mask-RCNN and
UNet-Attention algorithms. The segmentation results were evaluated using the complete-
ness of the outlines. It was found that the Mask-RCNN algorithm performed better than
UNet-Attention in the segmentation.

Figure 8. Target detection of Mask-RCNN: (a) without adhesion; (b,c) with adhesion. The green
outline is the segmentation outcome.

Figure 9. The target detection using UNet-Attention model, (a) without adhesion; (b,c) with adhesion.
The pink outline is the segmentation outcome. The (d—f) are the processing binary diagrams of (a—c),
respectively.

The targets in the image were usually overlapped, and the irrelevant objects could
be mis-detected. In the algorithm process, non-target samples, such as railings, feeders
and drinking troughs were often identified as the target. The UNet-Attention algorithm
could also be affected by the patterns on the sows’ backs. If there were overlaps or only
part of the target in the image, the accuracy of detection and recognition could be poor. The
model structure of the UNet-Attention algorithm could reduce its detection efficiency in
the target of the sow. The optimization of the loss function and the network structure in the
UNet-Attention algorithm was preferred, and certain layers could be flexibly customized
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according to the information of the target and surrounding environment [46,47]. The
Mask-RCNN was based on He et al.’s (2018) work [38], which gained the detection results
using Feature Pyramid Network (FPN) and a divided Network [48]. Mask RCNN had
competitions among classes, and the network produced each class of mask. The addition
of the ROI Align layer, the interpolation of the feature map, and the direct ROI Pooling
quantization operation made the obtained mask have a slight offset from the actual object
position. In this research, the Mask-RCNN algorithm of target segmentation performed
well. Figure 10 shows the advantages of the Mask-RCNN algorithm in the detection: when
the epoch was close to 30, the model had a better convergence effect. After starting training,
the status of training was monitored by indicators, such as loss, loss-mask, loss-objectness,
and others. Figure 10 shows that the loss has a downward trend after each complete
iteration (a complete iteration means that all samples have been passed through). A proper
learning rate could be ensured after each round of complete training, and the loss was
reduced to a smaller extent after a period of time. The curves in Figure 10 also show some
jumps up and down, which are related to the batch size set during stochastic gradient
descent. When the batch size was very small, there would be a large degree of instability. If
the batch size was set larger, it would be relatively stable.
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Figure 10. Performance index of the Mask-RCNN model algorithm. (Note: Loss is the total loss
function of the model; loss-classifier and loss-box-reg are the rpn classification error; loss-mask is the
segmentation error; loss-objectness and loss-rpn-box-reg are the model’s detection error).

The UNet-Attention algorithm built a model on a fully connected convolutional layer,
which only needed a small amount of training image data to get accurate segmentation.
The computing speed of a computer would be slow to process the target with sizes and
shapes in big differences. Moreover, the prediction result of the UNet-Attention model was
not very satisfactory in treating a sow with patterns on its back.

In the literature on pig image segmentation, some authors have proposed an inter-
active image segmentation method based on improved graph cuts aiming at a specific
target pig [49]. To segment pig images in a complex background, an image segmentation
algorithm based on wavelet modulus maximum and edge growth has been proposed, but
the algorithm processing process is relatively cumbersome [50]. The traditional detection
algorithms of Haar + AdBoost and HOG + SVM only had the accuracy of 65.8 and 37.3,
respectively [51]. The deep learning methods have achieved higher accuracy compared
with traditional ones. A study proposed the use of infrared thermal imaging cameras to
fuse infrared optical images to improve the effect of pig contour segmentation, with a
success rate of 94% [52]. Zhang et al. (2019) proposed a real-time sow behavior detection
algorithm based on deep learning (SBDA-DL), with an accuracy of 93.4% [51]. In this
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study, the Mask-RCNN algorithm had a high accuracy rate (96.8%) and could achieve sow
contour segmentation well. The speed of Mask-RCNN was 720 ms, which could meet the
requirement of real-time monitoring of sows.

3.2. Analysis of Poor Segmentation

Under the interference of railings, debris, and drinking troughs in the pig house, the
segmentation effect of Mask-RCNN was good, as shown in Figure 8. It could realize image
segmentation of sows in a complex pig pen, and the shape and position of sows in the pen
could be further identified.

However, the segmentation effect of the UNet-Attention model was poor. As shown in
Figure 11, the markings on the sow affected the segmentation performance (Figure 11a,c),
and the railing, as well as the drinking trough in the pen (Figure 11b,c), would be incorrectly
segmented as a sow target.

Figure 11. Performance effect of the UNet-Attention algorithm.

The UNet-Attention model is a classic network, which has a large number of appli-
cations in image segmentation tasks. However, the same network structure may show
different performances in different scenarios. Increasing the network layers may improve
the segmentation performance to specifically satisfy the segmentation of sows.

3.3. Image Recognition of Sow Behaviors and Positions

The activity behavior and location of the sow in the pen is an indicator to evaluate the
animal’s living conditions. In this study, the image segmentation algorithm was used to
determine the position and contour of the sow’s head, and then to determine the behavior of
the sow. If the head of the sow was in the drinking and feeding area, it could be determined
that the sow was drinking or feeding. The change in the pixel area of the contour of the
sow could determine whether the sow was standing or lying down.

There were fixed areas for different behaviors of sows in group housing [42]. As shown
in Figure 12, the sows are feeding and drinking at the pen trough, and the sows” heads
were in the blue box, which represented the feeding and drinking area. When the sow’s
head was detected in the blue box, it could be judged as feeding or drinking behavior. As
mentioned in the section on materials and methods, when the time was from 10:00-10:30
every morning, it was judged to be the feeding behavior of the sow. On the contrary, at
other times of the day, it was judged as drinking behaviors.
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Figure 12. Image segmentation of sows with behaviors and different areas (The blue box: drinking
and feeding areas; The green box: activity and lying areas).

The green box in Figure 12 is the lying and activity area of the sow pen. The lying
and standing behaviors were distinguished based on the size of the image segmentation
area. In addition, binary grayscale image of sows with different behaviors and positions
(Figure 13). The pixel area value of the standing behavior was {2214-2641}, and the pixel
value area range of lying behavior was {3025-3299}, therefore, for the data collected in this
study, when the pixel value area of the segmented image of the sow was less than 3025,
it was judged as a standing behavior. Meanwhile, a lying sow had a pixel value greater
than 3025. However, the above data was based on a small amount of data, and there would
also be the influence of individual body size differences, so this method was suitable for
samples of sows of similar body size and weight.

Figure 13. Binary grayscale image of sows with different behaviors and positions.

Analyzing the active and resting behaviors of the sow after weaning could effectively
get the physiological status of the sow. As shown in Figure 14, a sow is randomly selected,
and within 24 h, the percentage of time spent on different behaviors has been analyzed.
The circle inscribed in the blue rectangle, numbered 1 in the picture is the sow resting state
in the lying area, and the time is more concentrated after the lights are turned off at night.
Number 2 is that the sow stands in the active area, and the time is concentrated in the
daytime. Numbers 3 and 4 are sows standing in the feeding and drinking area. Since the
daily feeding time is a fixed 30 min, the sow’s feeding time is from 10:00-10:30, numbered
as 4. The rest time is the proportion of the sow’s drinking behavior, numbered as 3. This
analysis could effectively figure out the sow’s daily activity and rest patterns within 24 h.
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Figure 14. The proportion time of different sow behaviors in 24 h (1, lying down; 2, standing sows
in the active area; 3, standing sows in the feeding and drinking area, and drinking water; 4 the sow
being eats in the drinking and feeding area).

Table 4 shows the lying, standing, drinking and feeding time of 6 sows within 24 h.
The average lying, standing, and drinking time of sows was 12.67 h, 11.33 h, and 3.25 h,
respectively. Figure 15 shows the cumulative timetable of different behaviors of six sows in
24 h. The average time spent on lying down for sows in 24 h accounted for 52.8%, while
the percentage of standing time was 47.2%. Due to the noise caused by the staff working in
the house during the daytime, the sows spent much time standing. However, when the
barn became quiet, sows were more likely to lie down and rest.

Table 4. Timetable for sows in standing, lying, feeding and drinking within 24 h.

1 2 3 4 5 6 Average Value = Mean Square Error
Lying time/h 13.5 12 11 13 14 125 12.67 1.08
Standing time/h 10.5 12 13 11 10 115 11.33 1.08
Drinking time/h 3.5 3.0 3.0 3.5 3.5 3.0 3.25 0.27
Feeding time/h 0.5 0.4 0.5 0.4 0.25 0.3 0.391 0.10
o 4
o 133 8 12'124_0 lying
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Figure 15. The distribution of time spent on lying, standing, feeding and drinking within 24 h.

Figures 15 and 16 show the proportion of time spent by sows in the lying behavior
within 24 h. During the period from 21:00 to 7:00, there was no light in the pig house. The
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sows rested intensively, so the lying time accounted for a relatively high proportion, and
the average hourly proportion of lying behavior accounts for 97.53%. The house was quiet
from 14:00 to 16:00. The sows were mostly lying down and resting. The average hourly
proportion of lying was 84.7% from 14:00 to 16:00. In Figure 17, sows mainly lied down
and rested from 20:00 to 6: 00 the next morning, so the average drinking time was 0. From
7:00 to 11:00 and from 15:00 to 19:00, the proportion of drinking water increased, and the
average hourly drinking behavior accounted for 43.73%.

SOW —

0 2 4 6 8 10 12 14 16
Time /hours
drinking ¥ feeding ¥ standing M lying

Figure 16. Percentage of lying time in 24 h.
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Figure 17. Percentage of drinking time in 24 h.

3.4. Application of the Sow Target Detection Model and Its Perspectives

With the development of livestock husbandry, precision livestock farming technology
becomes more and more popular. In Europe, there are relevant policy requirements for
the identification and traceability of farm animals, which mainly involved stress and
welfare [53]. In particular, the technology has brought a lot of conveniences, greatly
reduced the amount of labor and workload, improved production efficiency, and laid the
foundation for large-scale operations. As mentioned in this article, sow behavior can be
judged through image segmentation and further analyzing the sow’s drinking, lying and
standing time. At the same time, comprehensively judge the physiological state of the sow.
In recent years, the Internet of Things (IoT) has also been widely applied in the precision
farming process. Livestock production can be remotely monitored and controlled in real-
time, which greatly improves production efficiency [54-57]. It is of great significance to
apply the sow recognition algorithm to efficiently and accurately identify the physiological
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behaviors of the sow. The algorithm proposed in this paper is part of the follow-up precision
sow perception system, which will be later deployed together with IoT technology for
production evaluation and decision-making.

Meanwhile, the model should have a high accuracy rate, and portable controllers
embedded in the algorithms can be optimized to adapt to various complex pig house
environments. As shown in Figure 18, in the follow up study, a real-time monitoring
system will be developed. The Mask-RCNN algorithm will be firstly used to segment the
image of sows, and the sow’s position and shape will be obtained after segmentation. After
that, the sow’s behavior recognition will be performed, and finally, precision control of the
micro-environment and management in the barn will be conducted to better raise the sows.

roof Image physiological
perception

/— sows house

Azure Kinect DK
-

Computer

[T T AT T
TR 13 i

g ar‘llllrfl ]

Slatted floor Feeding and Drinking Area

Figure 18. PLF (Precision Livestock Farming) of sow information perception diagram.

4. Conclusions

An approach for sow target detection based on deep learning for complex pig house
environments has been proposed. A data acquisition system with two types of algorithms
of UNet-Attention and Mask-RCNN was established. It has been found that Mask-RCNN
had a better recognition rate, completeness, and faster running speed in analyzing the sow
image dataset compared with UNet-Attention. The shape and position of sows in a pen can
be detected through the segmentation, and the sow’s behavior of eating, drinking and lying
can also be identified. In the follow-up study, the network layer structure of the model
will be optimized to achieve a better recognition effect. The Mask-RCNN algorithm will be
further investigated for real-time monitoring of sows in large scale production.
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