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Abstract: The existence of dead broilers in flat broiler houses poses significant challenges to large-
scale and welfare-oriented broiler breeding. To ensure the timely identification and removal of dead
broilers, a mobile device based on visual technology for grasping them was meticulously designed in
this study. Among the multiple recognition models explored, the YOLOv6 model was selected due to
its exceptional performance, attaining an impressive 86.1% accuracy in identification. This model,
when integrated with a specially designed robotic arm, forms a potent combination for effectively
handling the task of grasping dead broilers. Extensive experiments were conducted to validate the
efficacy of the device. The results reveal that the device achieved an average grasping rate of dead
broilers of 81.3%. These findings indicate that the proposed device holds great potential for practical
field deployment, offering a reliable solution for the prompt identification and grasping of dead
broilers, thereby enhancing the overall management and welfare of broiler populations.

Keywords: dead broiler recognition and grasping; deep learning; visual technology; mechanical arm

1. Introduction

As a domesticated poultry type with a long history, broilers (broiler chickens) are
highly popular globally. Broilers can provide economical and nutritious eggs. Additionally,
broilers have advantages such as high protein content, low fat levels, and low calorie counts
that cannot be compared to pork and beef [1]. In recent years, the development of flat
farming at the scale for broilers has been driven by the increasing demand for low-fat and
high-protein broilers [2]. The flat breeding mode refers to directly raising a flock of broilers
on the ground or a floor composed of mesh [3]. Broilers raised in this mode have full
mobility, high bone strength, and good meat quality [4].

Identifying and clearing dead broilers is a time-consuming and laborious task. More-
ovet, a large amount of auditory input and cognitive information processing will compete
with the visual search, leading to a decrease in attention when performing a single repetitive
task [5]. Secondly, the breeding environment contains a large amount of gasses that are
harmful to humans, such as NH3, H,S, and CO [6], as well as a large amount of dust [7].
Both of these factors are detrimental to human health, particularly for individuals who
work in these environments. Finally, as the inspections have to be performed between
different broiler coops [8], the risks of cross-infection between different broiler coops and
disease transmission between poultry and mammals will be increased when identifying
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and cleaning the dead broilers manually. Therefore, intelligent dead broiler removal devices
can be used to mitigate the abovementioned drawbacks.

The early identification of dead broilers mainly relies on traditional methods through
features such as broiler voice, body temperature, and posture [9-12]. With the continuous
advancement of technology, deep learning and visual technologies have been implemented
to identify the conditions of livestock and poultry [13]. Visual technology has the ad-
vantages of high efficiency and can identify the conditions of broilers without touching
them [14]. Deep learning technology learns through massive amounts of data [15], further
improving the accuracy and efficiency of recognition.

A number of studies have proposed methods to recognize dead broilers based on
the different characteristics of chickens. Lu et al. monitored the colors of chicken crowns
using machine vision technology to identify dead broilers [16]; however, this required
three consecutive even shakes of the coop, which could cause stress behaviors in yellow-
feathered broilers. Zheng et al. used machine vision to judge the posture of feeding laying
hens to realize the classification of sick and dead hens [17]; however, this method is prone
to misidentification when the posture of healthy hens is abnormal or the camera capture
position is shifted. Qu et al. proposed an algorithm based on LibSVM visual detection of
dead broilers through judging the morphological features of the chicken claws [18], but
this detection method overly relied on the chicken claws and was prone to misjudgment.
Veera et al. identified dead broilers using infrared thermal images and the contours of
broilers [19], but the algorithm was not suitable for the classification of day-old (after
nine weeks) chickens or when there was a high density of dead chickens. All of these
studies have proven valuable for subsequent applications, but their dead chicken detection
algorithms generally rely on the environment and a single chicken feature.

In terms of dead chicken removal devices, research and applications have shown
great promise. In the 1980s, robots began to be deployed in the field [20] to perceive
environmental information and achieve robotic movement. Liu et al. designed a visual
technology-based dead broiler removal device [21]. The stainless-steel plates on both sides
of the front end of the device “swept” the dead broilers onto the conveyor belt, which
transported the dead broilers to the storage warehouse at the back end. However, the slow
movement of the device made it difficult to clean up dead chickens from other locations of
the flat chicken house. Hu et al. designed a dead broiler picking actuator with three joints
and four fingers, based on the underactuated principle, for dead broilers raised in captivity
for 3 to 7 weeks [22]. However, the device was more complex in terms of construction and
had not been applied in the poultry industry. Zhao et al. conducted in-depth research
on the kinematic characteristics of a five-degrees-of-freedom dead broiler-picking robot
arm. Simulation analysis was conducted using the MATLAB 2020a software [23], which
provided preliminary theoretical support for the design of subsequent control systems.
However, this research was only at the theoretical level and did not yet include actual
construction and experimental validation of the robotic arm.

Research on dead broilers has primarily concentrated on cage-raised broilers, with
scant attention paid to the recognition of dead broilers in free-range scenarios. Furthermore,
the ability to extract the features and details of dead chicken images is relatively low. In
terms of devices, despite the relatively comprehensive theoretical exploration regarding
the structures and devices for picking up dead broilers, the majority of studies have been
confined to the theoretical level. In view of this, this study designed a simple, easy-to-use,
and cost-effective dead broiler grasping and moving device, with an average success rate of
81.3%. In addition, this study proposed an enhanced deep learning method for recognizing
dead broilers based on YOLOv6n (hereinafter referred to as YOLOV®6), solving the problems
of missing image details and missed detection in dense situations.
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2. Materials and Methods
2.1. Experimental Base

The experiment was performed in a large-scale free-range yellow-feather broiler farm
at Jinniuhu Street, Luhe District, Nanjing City, Jiangsu Province, China (118.52.38° E,
32.26.54° N). Each broiler was about 15 weeks old, weighing about 1.45 kg, and had a
chest width of about 12.95 cm. The interior scene of the experimental broiler house is
shown in Figure 1. The data were collected from 8 March to 28 March 2023, and the testing
experiment was conducted from 8 March to 12 March 2024.

Figure 1. The interior scene of the experimental broiler house.

2.2. Moving Chassis

The mobile chassis was a R550 (AKM) PLUS chassis (Wheel Technology Co., LTD.,
Dongguan, China) with a depth camera and suspended Ackerman structure carrying a
laser radar, and it could realize the functions of mapping navigation, obstacle avoidance,
sound source location, wireless communication with the mechanical arm, and image
acquisition as well as a processing subsystem. Figure 2 shows the structure of the dead
broiler identification and grabbing device.
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Figure 2. The structure of the dead broiler identification and grabbing device.
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2.3. Image Acquisition and Processing System

The image acquisition and processing subsystem is composed of a binocular camera
and Jetson Nano (NVIDIA, Santa Clara, CA, USA). It identifies dead broilers and their
coordinates in scattered broiler farms in real-time via binocular vision positioning. The
camera has 5 million pixels with a video resolution of 1920 x 1080. The Jetson Nano is a
compact and feature-rich Al computing module developed by NVIDIA, equipped with
a 128-core Maxwell GPU [24] and embedded with a trained recognition model for dead
broilers. Figure 3 shows the image acquisition and processing system.

[mE

@) Cls_Ppred

Reg_Pred

Obj_Pred

Figure 3. The image acquisition and processing system.

Binocular vision positioning utilizes the principle of stereo vision to construct a three-
dimensional model of the scene, thereby determining the specific position of the target in
space [25]. The imaging model is shown in Figure 4.

Figure 4. Binocular camera imaging model.
Equation (1) was derived from similar triangles.

7 — fxb
a
_ ZXuLs (1)
{X— 7

where Z is the normal distance from the chicken to the baseline (b) of the camera, X refers



Agriculture 2024, 14, 1614

50f19

to the lateral distance from the chicken to the center of the camera, f refers to the camera
focal length, and d is the binocular camera parallax, with a numerical value of py + pg.

2.4. Mechanical Arm

The dead broiler grasping manipulator was based on the Dobot manipulator (Dobot
Technology Co., LTD., Shenzhen, China), and the model and parameters of the manipulator
and motor were improved according to the specifications of broilers. The material was 3D-
printed resin, and the control system communicated with Jetson Nano through Bluetooth
for the sake of data transmission and instruction interaction. The maximum load was 5 kg,
and the repetitive positioning was 0.2 mm. Physical diagrams of the manipulator and the
end effector are shown in Figure 5.

—

e U St L

(b)
Figure 5. The dead broiler grasping manipulator: (a) mechanical arm backbone; (b) end effector.

2.5. Camera Calibration and Hand—Eye Calibration

In order to realize the transformation from the real-world coordinate system to
the manipulator’s coordinate system, camera calibration and hand-eye calibration were
needed [26]. According to the principle of camera imaging, the camera converts the actual
3D chicken image into 2D information to infer three-dimensional chicken information from
two-dimensional chicken image information, it was necessary to calibrate the camera and
locate the dead chicken’s spatial position. In addition, the mobile chassis and robotic arm
control system functioned based on the position of the dead chicken, while the binocular
camera was not fixed on the robotic arm, and its position could also change. To ensure that
the image information captured by the camera matched the device control system, it was
necessary to calibrate the camera coordinate system and the robotic arm base coordinate
system uniformly to achieve accurate visual positioning. This process is commonly referred
to as hand-eye calibration, and the schematic diagram of the relationship between the three
is shown in Figure 6.

Reference
frame
conversion

Y.

Figure 6. Diagram of coordinate system transformation.
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In camera calibration and hand-eye calibration operations, calibration plates such as a
checkerboard or solid circular arrays are usually used as auxiliary calibration objects. In
this experiment, a checkerboard calibration plate was selected, as shown in Figure 7a. The
checkerboard calibration board comprised a 10 x 7 checkerboard, where the size of each
square was 26 mm X 26 mm. The camera calibration result is shown in Figure 7b.

(b)

Figure 7. The checkerboard calibration board. (a) Original image; (b) result.

In camera calibration, checkerboard or solid circular array calibration boards are
usually used as auxiliary calibration objects [27]. In this experiment, a checkerboard
calibration board was selected. The process was as follows: First, a world coordinate
system was established on the calibration board, and the corners of the calibration board
were touched by the end of the robotic arm, as shown in Figure 8. As the world coordinate
system was manually set on the calibration board, the positions of these corners in the
world coordinate system were known. We used the position information of the above
corners to solve the transformation matrix between the world coordinate system ({World})
and the robotic arm coordinate system ({Base}) [26,28]. The transformation matrix gVT from
the robotic arm coordinate system to the world coordinate system is shown in Equation (2).

WR P
= (5 7). @

where %VR is the rotation matrix and P is the translation transformation vector.

Figure 8. Hand-eye calibration operation.

'R and P can be represented by the position of the origin of the world coordinate
system in the coordinate system of the robotic arm. The solution of the rotation matrix
PR can be achieved by introducing a transition matrix, which translates the coordinate
system of the robotic dead chicken grasping arm to coincide with the origin of the world
coordinate system, as shown in Figure 9 [29].



Agriculture 2024, 14, 1614

7 of 19

translation

-
.
FL L
Pl
o

X

{World}

Figure 9. The transition coordinate system.

The coordinate system of the robotic arm can obtain the transition matrix ({Transition})
through the translation vector, as shown in Equation (3). Since the origin of the transition
coordinate system is consistent with the origin of the world coordinate system, when the
end of the robotic arm contacts the origin, the specific position of the world coordinate
system in the robotic arm coordinate system can be determined. The translation vector P
can then be calculated.

xt xb
yt | =1 yb | +P, 3)
zt zb

where x3, y3,, and zj, are the three-dimensional coordinates in the {base} coordinate system,
and xy, ¥+, and z; are the three-dimensional coordinates in the {tool} coordinate system.

By rotating the R vector in the transition coordinate system, the coordinate system of
the robotic arm can be obtained, as shown in Equation (4).

xb xt all al2 al3
yb | =Rx | yt | =421 a22 a23 4)
zb zt a31 a32 433

2.6. Data Collection and Image Data Set Production

The quality and quantity of data play a vital role in the effective application of deep
learning algorithms. High-quality data can significantly improve the performance of deep
learning models [30]. Dead yellow-feather broilers exhibit tightly closed eyes, bodies
pressed to the ground, or weak, stiff bodies. The other behavior states of yellow-feather
broilers in scattered broiler farms include eating, lying down, and walking [31]. The
different behavior states of broilers are shown in Table 1.

Table 1. Different behavioral definitions of yellow-feather broilers.

Behavior Classification Classification Definition
Dead The yellow-feather broiler’s eyes close, the body clings to the ground,
ca or the body is weak and stiff.
Others This includes motions such as walking, pecking, inactivity,

and resting.

Among these, “Dead” broilers need to be grabbed. “Others” need not be grabbed. A
schematic of the behavior is shown in Figure 10.

After screening, 1565 original images were obtained. The images were labeled using
LabelMe 3.16.7 with the label categories shown in Table 2 and converted to PASCAL VOC
format for subsequent use. More than one behavior of yellow-feathered chickens could be
seen in each image. After image preprocessing (resizing, random flipping, and translation
transformation), 2456 images were obtained, which were divided into training, verification,
and test sets according to a ratio of 8:1:1.
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(@) (b) © @ (@)

Figure 10. Different behavior images of yellow-feather broilers: (a) walking; (b) pecking; (c) resting;
(d) inactive; (e) dead.

Table 2. The definitions of categories for classification and the number of observations for each category.

Label Name and Number Label Definition

Walking (20,864) Actions such as standing, walking, and arranging feathers

. Yellow-feathered broilers with their heads touching the ground,
Pecking (15,648) troughs or water troughs, or tails cocked up
Resting (10,432) Yellow-feathered broilers lying on the ground

. Yellow-feathered broilers lying on their backs with their bodies
Inactive (5216) o .

curled up or their tails drooping

Yellow-feathered broilers lying flat on the ground with their

Dead (32,166) bodies in a rigid state

2.7. Recognition Model of Dead Yellow-Feather Broiler

Existing target detection algorithms based on deep learning are divided into single-
stage or two-stage [32]. To select a suitable network model, three mainstream object
detection algorithms—namely, SSD, Faster-RCNN, and YOLOv6—were trained and pre-
dicted using the same data set, and the model with the best comprehensive performance
was selected. The deep learning methods used and their advantages and disadvantages are
detailed in Table 3.

Table 3. Comparison of advantages and disadvantages of three algorithms.

Models Exact Deep Learning Method Pros Cons
Smgl.e .dee.p network fgr b(.)th ob].ect Fast, simple, and effective for a Less accurate on very
SSD classification and localization using . . : .
wide range of object sizes small objects
default boxes
Two-stage detector with a region High accuracy, flexible backbone Slower than one-stage
Faster-RCNN proposal network (RPN) for generating networks, faster-than-previous detectors, more complex
candidate regions R-CNN version to train
Single-pass detector with efficient Verv fast. simple architecture Limited information available,
YOLOv6 backbones and improved y last, stmp ’ may struggle with

competitive accuracy

training techniques small objects

It can be seen from Table 3 that the Faster-RCNN model is more complex to train and is
not easy to migrate to the image acquisition and processing system. However, YOLOV6 has
the advantages of being lightweight, easy to migrate, and having low requirements for the
development environment [33]. Therefore, the network model for detecting dead broilers
was improved based on the YOLOv6 model.

The Squeeze-and-Excitation (SE) attention mechanism is a lightweight module de-
signed to enhance the representational power of convolutional neural networks, as shown
in Figure 11. It improves the network’s characterization ability by explicitly capturing the
correlation between convolution channels [34].
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Figure 11. The SE module’s structure diagram.

The improved YOLOvV6 network model is shown in Figure 12. The SE compresses
feature maps with a scale of H x W x C through global average pooling, retaining only
the size of C at the channel scale, which is converted to 1 x 1 x C. After compression,
ReLU and restoration are performed and, finally, sigmoid is used for activation. The values
of each channel are converted into weight values and multiplied, with the original input
features as input features.

@:Up»sample © :Concatenation over channel dimension

Efficient
Decoupled head

Rep-PAN

(C—{RepBlock |—» >

(U) Conv E
“ / : '
H Efficient
| RepBlock | —_
Backbone © © —— H Decoupled head Output

H .

H @ E

'

' : 4

: (CH RepBlock B — —_— Efficient

H Decoupled head
'

Figure 12. Schematic diagram of the improved YOLOv6 network structure.

2.7.1. Model Training Parameters

The hardware platform used for this training was configured with a Tesla V100 graph-
ics card with 24 G of memory and an AMD EPYC 9654 CPU. The Python version is 3.8, and
the PyTorch framework version is 1.9.0.

2.7.2. Model Evaluation Metrics

When evaluating the performance of deep learning algorithms, the following key
indicators are used: precision, which is used to measure the proportion of real positive
samples in instances where the model predicts positive samples; recall, which reflects the
ability of the model to find all positive samples; and mean average precision (maP), which
reflects the performance of the comprehensive evaluation model in various categories
of multi-category classification tasks. The F1 score is the harmonic mean of precision
and recall. Together, these indicators constitute a standard system for comprehensively
evaluating the performance of deep learning algorithms [35]. Their formulas are shown in
Equations (5)-(8):

.. TP
Precision = TP+ FP’ 5)
TP

R = —

ecall TP+ FN’ (6)
1N

P=—) Api 7
mab = ) Api )
Fl— 2 X Precision x Recall ®)

Precision + Recall
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where TP is the number of true positive samples, FP is the number of false positive samples,
FN is the number of false negatives, N represents the number of target classes detected, A
is the corresponding accuracy, and p; is the change value of the recall.

The FPS (frame rate per second of the screen) is also used to measure the processing
speed of the model in practical applications [36]. The larger the FPS value, the faster the
model detection speed.

2.8. The Design of the Dead Broiler Grasping Manipulator

The Robotics Toolbox module in MATLAB provides powerful functions that can be
used to simulate the kinematics and trajectory planning of the manipulator [37]. The
manipulator model was established, and the posture of the end effector of the manipulator
in the base coordinate system was calculated by the “forward_kinematics” function [38].
The D-H parameters of the manipulator were constructed, and the simulation model of the
manipulator is shown in Figure 13.

Figure 13. Simulation model of manipulator.

Path planning for the manipulator was realized via the quintic polynomial interpola-
tion method. The rationality of the quintic polynomial interpolation method was verified
by Robotics Toolbox, and the resulting diagram is shown in Figure 14.

35

3

t/s

4 45 5 0 05 1 15 2

25 3 35 4 45 5
t/s

(b)

Figure 14. The simulation result graph: (a) acceleration simulation results; (b) velocity simulation
result; (c) position simulation result graph. P.s.: The blue line represents the movement of joint 1, the
red line represents the movement of joint 2, the purple line represents the movement of joint 3, and
the orange line represents the movement of joint 4.

3. Results and Analysis
3.1. The Different Model’s Performance

After the model was trained and the parameters were adjusted, the final evaluation
was conducted using the test set. The overall results for the category of yellow-feathered
broilers using the three algorithms SSD, Faster-RCNN, and YOLOv®6 are shown in Table 4
and Figure 15. The standard errors of Faster-RCNN and YOLOvV6 are shown in Table 5.
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Table 4. The overall object detection results of the category of yellow-feathered broilers under three

models.
Models Precision Recall F1 Score maP
YOLOvV6 0.80 0.81 0.80 0.86
SSD 0.78 0.78 0.78 0.80
Faster-RCNN 0.81 0.81 0.81 0.87
[ Iterative speed
20 | 20 [ Detection speed | 5

5%

List 15 {15 &

[}

= =]

8 3

2 3

20} 410

g 3,

= 6.07 6 §

(¢}

St 145 &

2.68
0 T 0
YOLOv6 SSD Faster-RCNN

Figure 15. Speed comparison of YOLOv6, SSD and Faster-RCNN algorithms detection models.

Table 5. The standard errors of Faster-RCNN and YOLOv®6.

Models Standard Errors Standard Errors Standard Errors of
of Precision of Recall F1 Score
YOLOvV6 0.62% 0.51% 0.68%
Faster-RCNN 0.81% 0.77% 0.73%

It can be seen from Tables 4 and 5 and Figure 15 that the detection accuracy of
YOLOWV6 is the same as that of Faster-RCNN. However, the YOLOvV6 has lower standard
errors of precision and recall, which means that YOLOv6 has a low degree of dispersion.
The YOLOV6 and SSD algorithms show obvious advantages in terms of running speed,
which are related to their one-stage models [39,40], among which YOLOV®6 has the fastest
detection speed, as shown in Table 3.

Although YOLOV6 achieves good detection, YOLOv6 cannot identify broilers in the
distance if the image background is complex, as shown in Figure 16. It can also be seen
from Figure 16 that broiler state behavior in the upper left corner is not ideal, leading to
misidentification.

We decided to optimize the YOLOvV6 model to improve its performance. The rationality
of the SE module was verified through ablation experiments, as shown in Table 6, and
Figures 17 and 18.

Table 6. Comparison of results of ablation experiments for overall categories.

Models Precision Recall F1 Score maP

YOLOvV6 + SE 0.84 0.88 0.83 0.90
YOLOv6 + CBAM 0.82 0.86 0.84 0.90
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Figure 16. Recognition result of the YOLOv6 model.
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Figure 17. Comparison of the results of ablation experiments with different labeling categories.
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Figure 18. Speed comparison of YOLOv6, YOLOv6 + SE and YOLOvV6 + CBAM algorithms detec-
tion models.

As can be seen from Table 6, Figures 17 and 18, after adding the CBAM and SE attention
modules to YOLOVS6, different levels of improvement were yielded in maP, Fl-score,
precision, and recall. The model with the SE attention mechanism incorporated achieved
the best results in the recognition of the death label category. Due to the great increase
in the number of parameters after the introduction of the CBAM module, although the
difference from the SE module in terms of detection accuracy was small, it was significantly
less than the difference from the more lightweight SE module in terms of operation speed.

In order to enable the YOLOvV6 + SE network model to deal with larger pictures and
videos of henhouse scenes, and to improve the global perception, this study improved
YOLOV6 + SE based on ASPP (Atrous Spatial Pyramid Pooling). ASPP leverages atrous
convolutions with different dilation rates to extract multi-scale features without losing
resolution or significantly increasing the computational cost. Through applying parallel
Atrous convolutions with varying dilation rates, ASPP can effectively aggregate contex-
tual information at multiple scales. The performance comparison between original and
improved modes is shown in Table 7 and Figure 19. The recognition result of the improved
YOLOV6 + SE is shown in Figure 20.

25 + [ terative speed | 25
[ Detection speed
20 20

20 | 19 T
3 g
o 15 415 &
a 4
o 2
= =
= ©
5T 1" =
= g
5.52 5.45 5.49 3
5 ls =

0 0

YOLOv6 YOLOV6+SE Improved YOLOvV6+SE

Figure 19. Speed comparison of YOLOv6, YOLOvV6 + SE and Improved YOLOV6 + SE algorithms
detection models.
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Figure 20. Recognition result of the improved YOLOv®6 + SE.

Table 7. Comparison of improved and unimproved model results.

Models Precision Recall F1 Score maP
YOLOv6 + SE 0.84 0.88 0.83 0.90
Improved YOLOV6 + SE 0.86 0.89 0.87 0.92

Comparing Figure 20 with Figure 16, it can be seen that the improved YOLOV6 sig-
nificantly increased the number of broilers identified in different behavior states, proving
that the ASPP module is able to reduce a certain amount of the leakage in the detection of
broiler states in complex backgrounds. At the same time, the introduction of ASPP can also
improve the iteration speed and detection speed to a certain extent, which makes up for the
problem of the increased number of parameters brought about by the attention mechanism.
The curves of loss that the training models suffered during training are shown in Figure 21.
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Figure 21. Training loss curves of the improved algorithms: (a) SSD; (b) Faster-RCNN; (c) improved
YOLOV6 + SE.
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3.2. The Real-Time Detection Effect of the Model

The improved YOLOvV6 network model was migrated to Jetson Nano, and real-time
detection was performed by connecting a display screen. The result is shown in Figure 22.

Figure 22. The real-time detection results.

The red box displays the results, the green box displays in the form of a video, and
the yellow box shows the behavior states of different broilers detected and their detection
time. Through this experiment, it can be determined that the improved network model
was successfully migrated to Jetson Nano, and the real-time identification effect is good.

3.3. The Design of the Dead Broiler Grasping Experiment

In this experiment, first, a dead broiler was placed at a point where the mobile device
could easily move to and grasp it. Secondly, before being turned on, the device was placed
where it could observe the dead broiler. Finally, the device was turned on and operated.
The effect of catching a dead broiler achieved by the device is shown in Figure 23.

Figure 23. (a) Identifying the dead broiler. (b) The device is moving. (c) The device is grabbing
the dead broiler. (d) The device is receiving the dead broiler. (e) The device is transporting the
dead broiler.
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During the experiment, it was found that there were differences in the parts of dead
broilers that were grabbed, as shown in Figure 24. The success rate of the device depends
on which body part is grabbed. Three body parts were examined in three groups: (a),
(b), and (c). Group (a) showed grabbing by the back, recorded as experiment 1. Group
(b) showed grabbing by the back and chest, marked as experiment 2. Group (c) showed
grabbing by the chest, marked as experiment 3. After an experiment was finished, the
position of the device was kept unchanged; the detailed data on the grabbing results are
shown in Table 8.

@ o | C

Figure 24. The different parts grasped: (a) back grab; (b) back and chest grab; (c) chest grab.

Table 8. Comparison of improved model results.

Experimental Serial Number Grab Times Success Rate
1 30 0.87
2 30 0.80
3 30 0.77

The mobile device for identifying and grasping dead broilers completed the task of
removing dead broilers with a success rate of over 77% and an average success rate of
81.3%. The success rate when grabbing dead broiler feet and other parts with small contact
areas was the lowest. The success rate was reduced in areas where broilers were densely
gathered, which may have been due to the failure of the device to collect information on
dead broilers; however, the mobile device can disperse the broilers during its operation
and capture the information required to complete the grabbing of dead broilers.

4. Conclusions

(1) The experimental results demonstrated that the mobile device developed for identi-
fying and grasping dead broilers proved capable of fulfilling the task of removing



Agriculture 2024, 14, 1614

17 of 19

dead broilers. It achieved a success rate of over 77%, with an average success rate of
81.3%. However, the success rate was lowest when grasping parts of the broilers such
as the neck, feet, or other areas with small contact surfaces. Even though the presence
of the mobile device itself exerted a certain influence on the success rate, this aspect
will be the focus of future improvements. Additionally, the success rate of grasping
deceased broilers decreased in densely populated areas, which can be attributed to
the device’s limited ability to collect information on dead broilers. Nevertheless, the
mobile device could disperse the broilers during movement, capture the necessary
information, and complete the grasping task.

(2) This study proposes an enhanced deep learning-based approach for identifying broil-
ers. The YOLOV6 algorithm, with its superior comprehensive performance, was
selected as the basic network and underwent in-depth optimization. Specifically, a
YOLOV6 network structure based on the SE attention mechanism and ASPP was
proposed to address the existing issues found in broiler houses. The experimental
outcomes indicated that the recognition accuracy of the improved algorithm model
reached 86.1%.

(38) This study designed a mechanical arm for positioning and grasping dead broilers. A
model joint simulation of the manipulator was conducted, and the motion trajectory
was planned. The experimental results verified that the manipulator model passed
the test, the transmission was stable, and the trajectory met the requirements, thereby
providing the essential conditions for achieving stable grasping and attaining the
design objective.

This study focused on the automatic identification and removal of dead broilers in
large-scale flat-breeding yellow-feather broiler farms, aiming to develop a solution that
combines vision technology and robotic arm control technology. In order to solve the
challenge of dead broiler identification in complex environments, this study proposed
a dead broiler detection algorithm with high accuracy, high speed, and easy portability.
Compared with traditional machine learning methods, the algorithm achieved significant
improvements in accuracy and real-time performance, ensuring that the speed requirements
of the dead broiler cleaning process can be met.

In addition, this study independently developed a vision-based mobile device
for dead broiler collection that successfully achieved the expected design goals and
was capable of efficiently and rapidly identifying and disposing of dead broilers in
large-scale free-range broiler farms. The device shows a modularized design, which not
only facilitates future function expansion, maintenance, and system upgrades, but also
improves the overall flexibility.

Despite these results, there are some limitations of this study, as follows:

(1) Limitations of applicability—The current study was tested and optimized mainly
with respect to yellow-feathered broilers. Given the wide variety of broiler breeds
available in the market, further verification of the applicability of the device for other
breeds is required. If the recognition effect is found to be poor, a breed-specific image
database needs to be established as a benchmark for recognition.

(2) Efficiency and energy-saving considerations—When there are multiple dead broil-
ers in the coop at the same time, although the device is able to effectively detect
and remove them, further research is needed into how to optimize path planning
for a more efficient operation from the point of view of improving efficiency and
energy use.

Future work will focus on improvements and refinements in both of these areas, in
order to further increase the usefulness and adaptability of the system.
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