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No. Items Specification Q'ty Note
1 Body Frame Steel Frame 1 -
2 Main Wheel Wheel Track(RUBBER) 2 -
3 Cater Urethane Wheel 2 G-Dok
4 AC Motor 700W 2 MitsubishiA}
5 | AC Motor Driver MR-J4-70A 2 MitsubishiA}
6 Controller MIO-5290L-U5A1E 1 Advantech
7 Laser Sensor LMSI111 2 SICKA}
8 Laser Sensor OMD30M-R2000-B23-V1VID-HD-1L 1 SICKA}
<E ALFYZE BYAF ASAGA>
No. Items Specification Note
1 Dimensions 1,140 x 2,225 x 2,000 (WxLxH) (mm) -
2 Weight 1,800kg -
3 Payload Max. 1,000kg -
4 Speed Max. 30m/min -
5 Wheel Type 2-Wheel Driving, 2-Caster -
6 | Driving Direction Forward/ Backward/ Curve/ Turn -
7 Battery 24V, 160Ah, ‘dHll & ] A =]
8 Communication Wireless LAN (2.4GHz, 5GHz) MOXA
9 Main Safety %ol = Al A/SoftBumper/7d 1L-5/74 1L +/EMO FHYH
10 | Driving Safety o B 0 ) S 2 () d SRR
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No. Items Specification Q'ty Note
1 Body Frame Steel Frame 1 -
2 Cater NQB40-ST200 1 TPCH 7FEZY 2~
3 DC Motor S8D40-24A 1 SPG E.H
4 Motor Driver DCMD-50-A 1 FE =28
5 Controller MSB764T 1 HadH I =EA
<, AFZAH R A APA>
No. Items Specification Note
Dimensions 740x580x935(WxLxH) (mm) -
Weight 100kg -
3 =471 DC 24V/80A
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No. Items Specification

1 CPU Cortex-M4 (168Mhz), Flash 512kB, RAM 192kB
2 HERIEY Max.100-240VAC 0.6A

3 2RHY Max.12W

4 ENRTE Ethernet(1EA), RS232(4EA), RS485(2EA)

5 HA AH(4EA)

6 HERA HE /O LE(SEA) 0~3.3V
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“"version" : “1.0",
"data_type" : "SYNC_DATA",

}

"db_name" : "DB 0|E2",
" table_name" : "H|0|Z O
"data" : {

data_id (ZEF)

etadia ! - AHEF 0| 47 : CONTROL_SETTING
[ - 883 4% : WATER_SETTING
( “db_name" : "DB 0|Z1", - 22X1:ROBOT_1
e et L - 2%2:ROBOT.2

22 4% : ALARM
7t% M= : LIVESTOCK_INFO
AtZ B E : FEED_INFO

152"

<SYNC_DATA %>
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@alculate the WeighB
( resampling) l
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<THE|Z WE slue] 9AFH mA o>

CEA U ANFY AY BE 2 TAL Ted 2

- AE AV E A U AEFY FYEo] I e d9 UolA AYHUS
4.5m i i
(o P2 - | P4 \P5

v i i v v v "'+

- AAFA ARG AYEles FAE W AEFY SRE] T Thed G oA AT
-9 ah3 o] P1 ~ PAALY AHS XA AA olF Al FAE YS9
A= E vluste 9AF4 2aE SAT
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P2 : (5042, 21.77) P3 : (54.99, 21.87)
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P4 : (59.51, 21.88) P5 : (64.04, 21.82)
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(21 m)
AXFAH
% TR | WA AE AR | T LT | 1B AR A | over m
P,—P, 45 441 0.09 X
P,— P, 45 457 0.07 X
P,—P, 45 452 0.02 X
P—P; 4.5 4.53 0.03 X

- wol 28| AAFAH A FHFH EHE T & F Uxol AAFH ALY F
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Lo

A4S nE/ARL AUEdolEE A B WY71EE RRT 719

O Jol 2% <,
S 7o R Sl VA e A5 A2 A JES T

off

V
=
O RRT 7] (Rapidly-exploring Random Trees)

- random samplingS F3lA AEE YA

- AAE ARES Sgete] HAo A= Adsie] A U EdolE A=Al

BUILD _RRT(g;)

Tﬁlit(q:»#}

fork=1to K do
Grong < RANDOM_STATE():
EXTEND(T, gana):

Return T

R S

n

EXTEND(T. q)
Grear —— NEAREST NEIGHBOR(q. I):
if NEW_STATE(q. ¢rear Quows Unew) then
T.add_vertex(¢,em):
T.add_edge(qcar. Grew- tnew):
if ¢ = X then
Retum Reached.
else
Return Advanced.
Return Trapped.

WO SO =) o s ) D) e

<RRT Algorithm>

¥[m]

j
0 2 10 : 7 2 )
K[m] X[m]

<RRT Algorithm 22+ B2 < A: () RRT*, (7) Goal-biased RRT*>

77 S. Karaman and E. Frazzoli "Incremental Sampling-based Algorithms for

ra
s
@

& i h I
-10 -8 -6 -4

*

Optimal Motion Planning", Robotics: Science and Systems (RSS) Conference, 2010.
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People detection using 3D information-based data attribute analysis
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1. Introduction

One of the target tracking problems of mobile robots is
target detection. Target detection is the design of a sensor
model to distinguish target from raw data. To distinguish
between non-human and human, the sensor model design
includes what kind of sensor to use and what characteristics
to use.

First, various sensors such as a Camera, a Lidar, a Radar,
and an Ultrasonic sensor are used to detect a person. The
most commonly used sensors are cameras and lasers.
Although the camera have many features that can analyze
the target from the image of the surrounding environment,
it is sensitive to environmental factors such as lighting
The laser scanner can acquire precise distance information
in a short time and it is easy to link with the autonomous
navigation technology of mobile robot. so it is widely used
for target detection research.

In the early days of a study on target detection using
laser sensor, there were many techniques for recognizing
the target based on the 2D data. Recent research has been
actively carrying out target detection using 3D information
due to various information and robustness of 3D laser
sensors. In this paper, we propose a 3D information-based
target detection method. Data analysis used support vector
data description (SVDD)[ 1] and binary classification.

The rest of this paper is organized as follows. Section 2
introduces the research methods and Procedure. Section 3
consists of experimental results and discussion, and Section
4 provides conclusions.

2. Research Method and Procedure

In order to detect a person, it is necessary to classify
the raw data received from the sensor and recognize the
target data. In this study, we analyze the characteristics of
human body by receiving three-dimension information and
distinguish between people using attribute of each person.

Figure 1 shows three-dimension data of person. Fig

1(5) shows the human 3D data and fig. 1(c) shows the data
extracted from the height shown in fig. 1(a). The process of

extracting and classifying target data is as follows.

ene = lhe = (DL engor < Esnreshold )
Back
i
L
(@) (b) (©

Fig. 1. Data of 3D laser Sensor

In Eq. 1, €n(o: represents the magnitude of the error
between the i-th measurement height and the target height.
When €no is Within ecreshold, the i-th measurement
is classified as the target height. SVDD was used for
data classification. The attributes analyzed using SVDD
are girth, width and p. p is related to depth and width.
The classification boundary is derived by analyzing the
correlation between the attributes. It is determined whether
the data is the target or not. (Eq. 2)

minL(RE, 0, =R +C Y
H

stllx—alP<R*+§& &= 0,Vix

After the SVDD step, we train the atributes that match
each target to distinguish between targets. At this step,
binary classification s used. Through these two steps, it is
possible to detect a person in the cognitive range of sensor
and to judge whether or not the current target data matches
a specific target based on previously training data.

3. Results and Discussion

This section consists of the verification of the
classification technique mentioned in section 2. Fig. 2
shows the result of analyzing the data using SVDD. Fig.
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1. Introduction

As the aging of the country and the decline in the number
of people, many studies related to automation in various
fields of agriculture are carried out. In the case of animal
farming, there are many studies in various environments
where ducks, pigs, dairy cattle, and cows are raised. Among
these, the automation research on feeding is significant

The existing studies on automation system in agriculture
are as follows. 1) A method of driving by a designated
route using a magnetic sensor, and 2) A method of
feeding by installing a fixed structure. In addition to this,
automation systems using various methods have been
studied. However, it has been difficult to modify or expand
the system. In this paper, we propose an autonomous
navigation based system. The experiment result shows that
the stability of the system is secured and the system is easy
to modify or expand.

2. Research Method and Procedure

& 0

EERE S

Fig. 1. Configuration of mobile robot

The automation system consists mainly of mobile robots.
The sensors mounted on mobile robots are laser and
camera. The lasers are used for position estimation, path
gencration and obstacle avoidance. The camera is used for
the user o remotely check the environment inside the barn,
The manipulator and the conveyor mounted on the mobile
robot serve to distribute the feed.

‘The system can be divided into waiting step and operation
step (Fig. 2). The waiting step consists of charging, feed
replenishment, and monitoring in barn. The charging
function is activated when the mobile robot hav

mobile robot in the fixed position. The laser and the photo
sensor are used for matching the charging position.

7 ™

Waiting, Operating

R |

| ‘ ecting ysen

I|[ sty sem
- [

~_

Fig. 2. Configuration of Automation system

In Feed replenishment stage, the mobile robot receives feed
from the feed supply system located in the waiting area and
uses the proximity sensor to check the delivered amount. In
the case of monitoring in bam, the system was constructed.
so that it can be monitored and controlled from a remote
location by configuring a wircless communication network.

At the operation step, it consists of feeding and cleaning.
‘The mobile robot feeds the concentrated feed stuff using
the robot arm and the roughage and dry feed using the
conveyor belt. The cleaning function is to push the feed out
of the feed line into the feed line during operation step.

3. Results and Discussion

Fig. 3. Experiment environment

The experimental environment s shown in Fig. 3 and
follows the standard of cow barn in Korea. The right side
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1. Introduction

There are many studies [1], [2] in which robots
feed and monitor cattle in livestock environment
When mobile robot feeds the cattle, there is a
problem with cow sticking their head out of the
fence to feed them and colliding with the robot.
Recently, it was proposed Convolutional Neural
Network(CNN) [3] based on Image data for object
classification. In proposed method [3], Neural
network learns the feature of image data using
gradient descent for optimizing loss function.

It has proposed in [4] has proposed that 3d point
cloud data is applied to Convolutional Neural
Network. Voxnet [4] modelled the occupancy grid
map of three types of binary data using for 3d point
cloud. VoxNet network learns the occupancy grid
map to object classification.

In this paper, Collision Grid Map(CGM) is
proposed using 3d point cloud data to predict the
collision between the cattle and the mobile robot in
bam environment. The Collision Grid Map is
composed of 2-channel. First channel s
constructed by location data in x-y plane. Second
channel is composed of depth data about
zdirection. the point cloud data is measured by
situation and created the Collision Grid Map. Then,
the generated Collision Grid Map is applied to the
Convolutional Neural Network to predict the
collision of livestock.

2. Collision Grid Map

There is invariant of permutation problem that 3ci
point cloud data is applied to Convolutional Neural
Network. The proposed method [4] modelled voxel
of the binary occupancy grid, density grid, it grid
Then network is learned by voxel to solve invariant
of permutation problem. The method is proposed
that Collision Grid Map scheme is based on
probability to solve invariant of permutation
problem and predict the collision between the robot
and the cattle.

Equation (1) shows measurement data s and
grid map M. Measured data is x, y and z data of the
sensor coordinate system. Grid map M consists of
two channels.

=

r=in 0,23 M=in,.m, ) )
The posterior of Collision Grid Map is shown as

equation (2). In order to calculate the posterior

efficiently, log odds notation can be defined.

P =TT piom [
@

log odds notation can be calculated using
present point cloud data and previous point cloud
data. when initial grid map is free state, initial
Collision Grid Map can be omitted

The first channel of the Collision Grid Map uses
the decretization function G to grid the x and y data
in the point cloud. When decretization data
correspond to grid cell, grid cell values are added
up in counts one by one.

The second channel is consisted of the average
of depth z data. Grid cell has on depth value that
occurred to collision situation and non-collision
situation

3. Experimental Results

3d point cloud data is measured in barn
environment using D435 from Intel as shown Fig.1
D435 has maximum resolution 1920 x 1080 and
maximum frame rate 30 FPS. It can be measured
to 10 meters. The data in the case of
non-collision situation, when there is fence only,
has been measured 2,000 data. Similarly, the data
in the case of collision situation, when cow sticks
their head out of the fence, has been meastred
2,000 data. The data is divided into 1,800 training
data and 200 test data each.

==

Fig 1 Intel real sense depth camera D435
In order to generate Collision Grid Map, cell

resolution is set to 0.01m and the map size to be
150 x 100. Based on the sensor coordinate, x, y
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