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Design and realization of agricultural intelligent inspection robot
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Abstract: In view of the agricultural production process, many scenes require human monitoring, an agricultiral intelligent
inspection robot was put forward. The robot can detect and track pedestrians around the production site and transfer real-time
monitoring information to the host computer for storage. Robot consists of three parts: the hardware platform, seftware
The hardware

platform is mainly compesed of sensors, actuators, mechanical structures and electronic systems. Like human body, the

systems and intefligent algorithms. They help the robot to achieve commen intelligent inspection tasks.

hardware platform configuration is the basis of robot design. The software system is mainly compesed of ROS system, like
human brain to deal with coordination of various kinds of information. ROS as an open source system, has multi-platform
support, multi-langrage support, toolkit and other advantages. Intelligent algorithm is the robot's “soul”, from the intelligent
algorithm, we can see the robot targeted feedback to the operator. In this paper, the robot obtained the color image, then the -
pedestrian detection was carried out by combining the channel characteristic and the faster R-CNN algorithm, and the

pedestrian was distinguished from the background and positioned accurately. Then, the pedestrian location information was

detected to be transmitted to the depth channel Boosting pedestrian tracking algorithm to track pedestrians.

Meanwhile, robot

sent back the monitored pedestrian information to the master computer to save through WiFi.
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1 Introduction

With the continuous development of computer
science and technology, people’s way of life has
undergone enormous changes, more and more tasks that
have been done by people who spend a lot of manpower
replaced by the computers in nowadays. With the rapid
development of robot technology, artificial intelligence
and robot combination of intelligent robots in more and
more areas have very good-applications.

In the agricultural sector, there are many aspects in
agricultural production and processing of agricultural
products need human to handle. Such as some food
of the strict

quality requirements cultivation of
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agricoltural products need to be monitored fo prevent
agricultural products from damaging and ensure the
quality and safety; keeping the idlers away from the
important experimental fields to prevent damages to the
tests; seed bank and pesticide library should be protected
to prevent theft; keeping idlers out of the flour mills to
prevent the occurrence of danger etc. Briefly speaking,
using pedestrian tracking detection technology and robot
technology, designing agricultural intelligent inspection
robots can replace manpower in the above-mentioned
areas, and will have better results and benefits. It is the

direction of future development,
2  Materials and method

2.1 Pedestrian detection

Pedestrian detection is the image or video appear in
the pedestrian from the background area and precision
positioning. From the time of the issue put forward to the
present, pedestrian detection, both detection accuracy and

detection speed have been greatly improved, especially in
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the past ten years. Machine learning-based pedestrian
detection improved the detection performance to a very
high level. However, in solving practical problems, the
current study is subject to the influence of the
environment and pedestrians, and in some cases, cannot
achieve the desired resuits.

Pedestrian detection, from the method, can be divided
into the moving ohject detection method and feature
matching method. In the early study of pedestrian
detection, the method is mainly based on moving object
detection. There are background elimination method (Jain,
1979), frame difference method (Meier and Nagank, 1998)
and optical flow method (Lipton et al., 1998). But these
methods have great limitations, cannot detect the object
in the static image or detect an object that does not move
in the video

In Tecent years, the pedestrian detection algorithm has
been developed rapidly. In this paper, the pedestrian
detection algorithm, based on machine learning, is used to
extract the pedestrian characteristics, and the
classification model is constructed according to the
characteristics. Then, the pedestrian imape data are
trained and identified. The At present, the successful
features of Haar (Papageorgiou et al., 1998) wavelet
feature, LBP (Gjala et al., 1996), HOG (Dalal and Triggs,
2005}, and edgelet (Bo and Nevatia R, 2005) are used in
pedestrian detection. The general detection framework is
to extract features and SVM, adaboost Combine.

Based on deep learning, from the beginning of 2012,
pedestrian detection research gradually entered into the
people's vision, a variety of pedestrian detections for the
deep leaming methods and deep learning network
structures have been put forward, and it greatly improved
the effect of pedestrian detection. Especially in the past
three years, the deep learning in the object detection has
made great progress, led the pedestrian detection
performance and speeded up its upgrading. The great
development of object detection was the beginning of the
R-CNN (Girshick et al, 2014) method for object
detection and segmentation published by Girshick et al. in
2014, followed by a large number of the same series of
algorithms, this pedestrian detection method has achieved

very good results, and this paper also used this method

and channel characteristics to achieve pedestrian detection.
2.2 Object tracking

The goal of the object tracking is to estimate the
position and motion parameters of the object after the
imitial position of the object in the first frame of the image

and it is given in the image sequence. The typical object

" tracking system consists of three parts: object visual

model, dynamic model and search strategy (Wang et al.,
2011). The objective model of the goal is the most
important part of the object tracking, which determines
which objective function is used to search for the object
of interest in the frame. The dynamic model is
pre-defined or obtained through training data learning in
order to feduce the object search space and calculate the
load. The common dynamic model method has linear
regression (Seber and Lee, 2003), particle filter (Al et al.,
2014), Kalman filter (Chang and Ansari, 2005), Mean
shift (Comaniciu et al., 2000), the hidden Markov model
(Chen et al., 2003) and so on. Finally, the apparent model
and the dynamic model are combined, and then the
optimal search strategy is used to obtain the most possible
position of the object, and the positioning of the tracking
object is realized.

In order to deal with the change of the object
appearance, the object tracking algorithm in recent vears
mostly uses the adaptive representation model based on
the generated or discriminant formula. The generation
method is based on the objective detection, the
background of the object after the modeling, according to
a certain tracking strategy to track the optimal location of
the object tracking. The tracking process and the
detection process are independent, and the object is tested
and then tracked. The discriminant tracking method is to
obtain the object state by the object detection of each
frame image, and to see the classification problem of the
object and the background. By training the classifier, the
object region is selected in the current frame and the
background is the largest, detection and tracking will be
done at the same time. The discriminant method has
better tracking performance than the generating method,
and the method of using the incremental learning to
distinguish the object and the background is less costly
and the tracking effect is better.
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2.3 Robot

The robot is a programmable and versatile machine,
or a specialized system with computer changes and
programmable actions for performing different tasks. It is
generally composed by the implementing agencies, drive
devices, detection devices and confrol systems, complex
machinery and other components. The future direction of
the robot is to research the intelligent systems. At present,
the mainstream robot operating systems on the market are
ROS, Android and Ubuntu, providing some methods for
writing robot navigation and limb procedures. These
methods do not need to consider the specific hardware,
and they even provide a higher level of command. When
the robot operating system started on the robot’s
computer, it will get robot attribute data, such as the
robot’s limb length and motion data, and then pags the
data to a higher-level algortthm. The data are then
processed by these algorithms and returned to the motion

mstructions of the robot.
3 Hardware platform construction

Intelligent robot mainly consists of two parts: the
hardware platform and software system. The “hardware
platform” m the intelligent robot component refers to a
robot entity, like a human body. Hardware platform
mainly involves two major areas of mechanical and
electronic techmologies, including sensors, actuators,
mechanical structure, electronic systems and other
components. The hardware platform is the basis of the
software feedback

information to software and receives system information

system. It provides real-time
to complete the corresponding action.
3.1 Agricultural intelligent

hardware platform

inspection robot

The components of intelligent robot hardware
platform are mainly four categories: sensors, actuators,
mechanical structure and electronic systems. The
configuration and performance of hardware platform are
directly related to the possibility of a robot apphcation,
therefore, a robot project to carry out the first step is
based on the project objectives, the appropriate robot
hardware platform should be selected. This paper started

with the configuration of sensors and actuators in

hardware, and the hardware platform of agricultural
intelligent inspection robots was designed.
3.2 Sensor configuration

The sensor is a sensing device of the robot, which is
the main way for the robot to get the information of the
external environment. Whether the sensor type is rich in
configuration and the performance or not, its accuracy
and reliability are directly related to the appropriate
environment data the robot obtained and also the data
processing the robot handled.

Sensors, such as accelerometer, anguliar speedometer,
encoder, pressure, temperature, displacement, ultrasonic
(infrared) ranging, visible light, microphone and so on,
can be obtained from the environment, and detection of
mmformation can be regarded as sensors. A variety of
sensors of microclectronics miniaturization, integration,
high precision, high reliability, high stability and other
direction are endless new sensors, appeared in recent
years.

Intelligent robot sensor configuration should meet the
robot's intelligent needs, and use intelligent technology
data sources. The sensor configuration of the agricultural
intelligent inspection robot mainly includes the following
categories: RGB-D sensor, wide-angle HD RGB sensor,
laser radar sensor and infrared distance measurement
Sensor.

RGB-D sensors are visual sensors that are widely
used as somatosensory game devices and as research
tools for computer vision. It is mainly used for collecting
depth information of near depth images, and is used for
robot obstacle avoidance and following tasks. Wide angle
HD RGB sensor is used to collect high-definition images,
and these high-definition images are used to achieve
long-distance pedestrian tracking detection, thus to
expand the scope of robot surveillance. Laser radar
sensors are used for real-time map establishment and
robot position information acquisition, and it is an
essential tool to realize path navigation in the process of
robot patrolling. The infrared ranging sensor is used to
acquire the distance information of the near obstacle, and
is used for obstacle detection of moving robot.

3.3 Actuaior configuration
The implementing agency has the ability of the
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robot to act and react physically to the outside world.
Such as robots and mobile robotic chassis drive
mechanism are the robot's actuator. The performance
indicators of the implementing agency are directly related
to whether the expected directive can be carried out
smoothly.

In this paper, the agricultural intelligent inspection
robot mainly means the mobile chassis, does not involve
the implementation of mechanical arm and other
mstitutions. The mobile chassis is not a pure actuator, but
a complete robot system that contains sensors,
mechanical structures and electronic systems, used as an
actuator. The main body of the mobile chassis has a
three-wheeled structure, and the first two driving wheels.
The last one as a driven wheel is to ensure the accuracy of
its turning angle. The response of the mobile chassis to
the instruction is guaranteed by the system of the chassis
itself, and the mobile chassis can also provide the position
and attitude information to the system through its own
SENSOr.

3.4 Hardware platform architecture

The intelligent platform design of the agricultural
intelligent inspection robot mainly includes the sensor
configuration and the actuator configuration., The sensor
is used to obtain the information of the extemnal
environment. The actuator provides the mobile ability,
the position and attitude information to the system
through its own sensor. It is foreseeable that the robot
needs a powerful host to process all kinds of information
in real time to ensure that the robot can respond to the
command in a timely manner. The hardware platform of
agricultural intelligent inspection robot has simple
interactive function and autonomous navigation function.
The hardware platform adopts a distributed architecture,
which consists of two hosts, one is an airborne host, the
other is a master host, and two hosts are commected
directly with WiFi, and all the Ubuntu systems based on
ROS are running. The on-board host is used to process
information of sensors and actuator, feedback the
miformation to the host computer, and receive commands
from the host computer. The host receives the feedback
information from the airbomme host and issues commands

to the on-board host.

4 Software system

The software gsystem in the intelligent robot
component is the robot’s data processing system, just like
a human brain, which is used to collect and process
various information. Software system is the bridge
between hardware platform and intelligent algorithm,
which provides a good foundation for the intelligent robot.
The coordinated control of the hardware platform
provides information interaction for the upper level
mtelligent algorithm, and is an integral part of the
intelligent robot design.
4.1 Software system selection

With the robot becoming more and more intelligent, -
robot software system is more and more huge, including
the wunderlying hardware drivers, environmental
awareness, motion planning, machine vision, logical
reasoning and behavior decision making. For the
realization and management of these functions are more
and more complex. In order to effectively shorten the
development cycle of the robot, reduce the R & D cost
and improve the development -efficiency, many
companies and university research institutions have
software

platform; there is special software to achieve the

developed a unified robot development

simulation function. In addition, there is mature
algorithm software. These software platforms have their
own characteristics, covering all aspects of the field of
robots.

ROS is an open source robot software platform, its
purpose is to integrate different research results, achieve
the algorithm release and code reuse robot software
platform, It provides functions like operating systems,
including hardware abstraction, underlying driver
management, inter-process messaging, and program
based on ROS

development are currently up to 2000, covering hardware

release management. Applications
drivers, simulation, motion planning, motion control,
environmental awareness and other aspects. As these
features meet the needs of the majority of developers,
ROS bas been widely used. Therefore, this paper will use
ROS system as a software system, and it can greaily
speed up the robot design and development speed.
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4.2 Operating mechanism

ROS processing data is a point-to-point network

structure, so the program is running through the following:

node, message, fopic to achieve indoor autonomous
mobile robot function.

A node is a process that executes a task in the ROS
operating system and is an executable file in each
function package. The modularity of the code in the ROS
helps the richness of the intelligent function. The indoor
autonomous mobile robot operating system is composed
of many nodes. The function packs related to these nodes
can be called software modules.

The communication between nodes is carried out
through a message mechanism, and each message has its
own data structure. The message can contain any array of
nested structures, similar to the structure. The node
announces a message to a specific topic, and the other
node can subscribe to the subject by subscribing to the
subject.

The publish/subscribe model in the main body is a
very flexible communication paradigm, but this broadcast
mode is not suitable for simplifying the node design
synchronization mode. ROS, with a pair of more stringent
message definition paradigm: request/response. This is
similar to the operation of a web server, just like a remote
call. The service call is bidirectional: a node sends a
request to another node and waits for a response. Each
service is initiated by a node, and the response to this
service retumms the same node, so that the differences
between the message and the message can be seern.

A service is a paired message that occurs when a node
requests information and another node needs to respond.
The service can be used to send message between nodes.
A providing ROS node offers a service under a string
name, and a client calls the service by sending the request
message and awaiting the reply.

ROS has a lot of nodes, messages, services, library
files,

mechanisms to manage the code, such package, stack to

development tools, and need the effective
play a role. ROS functional modules are organized in
packages. There are nodes in the package, depending on
the Hbrary, configuration files, etc. and the package

provides a convenient portability and reusable software

structure.
4.3 Automatic navigation

Robot autonomous navigation is mainly composed of
two steps, the real-time positioning and map construction.
The use of envirommental information after the
processing of the data to create and locate the map, it will
create a good map to calculate the probability of the map,
and get the global and local weight map. Global path
planning to accept the weight of the map generated by the
global weight map planning from the starting point to the
target point of the path as a local path planning reference.
Local path plarming uses local weight map which is
generated by weight map to plan robot’s movement
information. Then use the package to convert the data
obtained by the sensor into real-time environmental
information.

Map-based navigation: the built map information and
real-time envirommental information obtained by the
sensor are transmitted to the server, and then refer to the
global path to the robot real path for local planning to

achieve the purpose of autonomous navigation.

5  Implementation of pedestrian tracking

detection algorithm

Artificial infelligence algorithim, is the robot's soul,
can make the robot behave more like people. The
realization of the intelligent algorithm can give the
machine owner some of the ability to replace the human
to complete certain tasks. The pedestrian tracking
algorithm used in this paper is to use robots to obtain
fpages, first pedestrian detection. If there are pedestrians
with a rectangular box circle, and for each pedestrian to
create a tracker to track.

5.1 Pedestrian detection ajgorithm

In recent years, the R-CNN method for target
detection and segmentation has been initiated by R
Girshick et al., 2014, for the first time using the selective
search (Uijlings et al., 2013) and the convolution neural
network to combine the target detection. Subsequently,
Kaiming He et al. can only read the fixed size of the
problem, put forward the SPP-NET (He et al, 2014)
method to further improve the detection results. After that,
fast R-CNN (Girshick, 2015) and faster R-CNN (Ren et
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al., 2015) have also been proposed to achieve end-to-end
detection.
In this paper,

combining channel characteristics with faster-RCNN was

a pedestrian - detection method

used. Firstly, the VGG16 network pre-trained on
ImageNet was used as the main network to extract the
original image. Afier convolution, the original image
generated a feature map (Conv4 3) with 256 channels.

Secondly, the channel feature of the image is
exfracted. The channel feature is preprocessed for the
input image. A series of linear and non-linear
transformations of the original image are carrded out in
the pretreatment stage. Fach image is transformed into a
channel by different transformations. In pedestrian
detection, the LUV channel, the gradient intensity
channel, and the gradient histogram channel are all very
efficient channels.

Then, the channel feature is input into a two-layer
convolution neural network. The convolution kernel size
is 3, the step size is 1, the maximum pooling layer is 2,
the step size is 2, and the output is a 128 channel of the
channel

activation map, the size of the

input
characteristics of 1/3.

And then all the obtained channel feature maps are in
series, input to the RPN model, RPN model relative to the
original version of some improvements, each anchors
used a fixed aspect ratio of 0.41, and then from 40 pixels
to 1.3 times the steps to generate 9 different sizes of
anchors. The RPN model outputed the candidate target
area,

The generated candidate target area is put into the
Fast R-CNN model. The Fast R-CNN model has two full
connection layers, a softmax classifier and a Bbox
regressor. The softmax classifier output pedestrian
detection results and the Bbox regressor output Iocation
information of pedestrian.

5.2 Pedestrian tracking algorithm

In recent years, the target tracking algorithm mostly
uses the adaptive representation model based on the
generated or discriminant formuwla. The discriminant
method has better tracking performance than the
generating method, and the method of using the

incremental leaming to distinguish the target and the

background is less costly and tracking better. In this paper,
we chose the online boosting algorithim and pedestrian
detection process to extract the depth of channel features
to achieve pedestrian tracking.

The tracking method uses a detection-based tracking
strategy, that is, uses a sliding window to obtain a
candidate region, and calculates the visual feature only
once in the search arca, and then extracts the features in
each sliding window. And, this method uses a coarse to
fine search strategy, you can quickly achieve tracking.
First, at the beginning of the trace, the initial position is
obtained by means of a detector or manually annotated,
and then a number of positive and negative samples are
collected and the boosting classifier is trained. In each
frame of the subsequent sequence, the tracking area is a
candidate region with the highest ‘classification scoring.
Some positive and negative samples are then collected
after the end of the tracking and the classifier has been
updated until the end of the tracking.

The tracking method uses the depth channel feature,
and the depth channel feature is a feature of the channel
feature combined with the faster RCNN method. The
network structure and training mode are the same as in
the previous section, but need to combine the network
cutput before the full of the
faster-RCNN network with the underlying channel

comnection layer
characteristics as the depth channel feature. And then put

it into the boosting classifier for training.
6 Conclusion

In this paper, for agricultural production process,
many scenes need to monitor the situation, design an
agricultural intelligent inspection robot. The hardware
platform is mainly composed of three parts: hardware
platform, software system and intelligent algorithm. The
hardware platform is mainly composed of sensors,
actuators, mechanical structures and electronic systems. It
1s the foundation of robot design. The software system is
mainly composed of ROS system. The intelligent
algorithm is mainly the pedestrian tracking detection
algorithm, use the robot to obtain the image, make the
first pedestrian detection, and then the pedestrian has
been detected to the tracker for pedestrian tracking.
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Finally,

the -

monitored pedestrian  information  is

transmitted back to the master computer through WiFi.

Agricultural intelligent inspection robot has high practical

value.
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