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Items Specification Q'ty Note
1 Body Frame Steel Frame 1 -
2 Main Wheel Wheel Track 2 -
3 Cater Urethane Wheel 4 -
4 AC Motor 1KW 2 | -MitsubishiA}
5 | AC Motor MR-3-100A 2 | -MitsubishiA}
Driver
6 Controller ARK-1550-S9A1E 1 -
7 Laser Sensor LMS111 1 -SICKA}
8 Laser Sensor TIM561 1 -SICKA}
9 Laser Sensor NAV350 1 -SICKA}
AgFA ERE LA
Items Specification Note
Dimensions 1000 x 1936 x 679 (W x L x H) -
AGV Weight 1000kg -
Working
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AGV Speed Max. 25m/min -
Wheel Type 2-Wheel Driving, 4-Caster -
Driving )

Direction Forward/ Backward/ Curve/ Turn -MicrosoftA}
Battery 24V, 120Ah, Li-ion -SICK A}
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Arm 1

Arm4

ro Lljg = data 1 9| |data2: ©THQ| [(data 3: THY H| 1

IN |Mominal torque M, 320imNm 0.32,Nm 3.2ikgf.cm
oUT |2 EJ(7|HE) M, 320 mNm 0.32{Nm 32kefem

IN | E P Simm

IN |THo| T 3.141592654 rad

N |ATE =8 m 0.94:- izt

N It ES 10 1- eI |E

IN |/|HE i 1i-

IN |E=E 5L n 3000 rpm 50irevisec 18000:deg/sec
ouT |EF FE(7|0E) Dooar 3000irpm 50irev/sec 18000:deg/sec
= OUTPUT
j1[e] e = data che| H| 11
OUT (D|E =& v 250imm's | -7|01E SAISHE| @2 AHE)

OUT |IE £E(7|HE 2H) Vgear 250 mm/s

oUT | =2 F, 377.9964281 N ZIHE 2ATHA| g@a AE]
OUT |=2(7|0{E 2H) Fooor | 377.9964281 N

m 2 EAIE AFQF

ro Lljg = data Cte| | data 2! ©hel H| 1

N |2Z D 3 mm

N |2Z d 1.9\mm

N |2 E 1 1.6;mm

v |E|EZ o 1038 deg 0.18117irad

N g -QELIA 1T

IN |OpEAH== m 0.12 - RS
OUT |OpEZ p 6.842773413 deg 0.11943 rad
OUT |ATE =8 m 0.590906567 -
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1/0 Module
Robot Arm(425) Mobile (2%5)  Feeding(3%) Controller 1
Motor Driver ~ Motor Driver  Motor Driver  AHmQIH| 3 =2 x| | =
Interface Interface Interface

-1

Control SBC

<A o7] FAl

1/0 Module
Controller2
ALGLHIASZX HE
MSB748R

m 2olH MM 25

1/0 Controller
LI = 2R
MSB624RA-DC
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* NOTE
1. MATERIAL - SS400, 3t
2. Q'TY - 1 SET
L 3. COLOR - 7.5 BG 6/1.5
A/,‘} MACHINE FEEDING ROBOT DATE 18.08.10 ‘ DHG NO. ‘ o1
Z TIME MAIN PANEL LAYOUT
"Au 1:: o R = ORAMY KMH ‘mmm ‘ KMH ‘WB‘J ‘ ‘wm ‘
1 I 2 3 I 4 I I 6 T 7
A N?/d P2/4 N\24 P2/4
L SGEUXALCN| AUTO CHG START(RF-1/0 IN 0) SPARE
(P2 Hm —
(P33 )HTW—/\ R0 4 INT | AUTO CHG START(RF-1/0 IN 1) SPARE
B (_Ps3 )m[—‘—<
P34 e 3 AUTO CHa MC SPARE
(P34 1
L (P85 MB W@ W)l | GRAIN FEEDER START 0 SPARE
(P35 s —1
(P36 s GRAIN FEEDER STOP 0 SPARE
lc (P36 o P
(par F1/0 @ N2 GRAIN FEEDER START 1 CONVEYOR FORWARD
P37 Jan 4
L Pag GRAIN FEEDER STOP 1 CONVEYOR REVERSE
(Pag ) P—9
P3g GRAIN FEEDER START 2
o
GRAIN FEEDER STOP 2
[—s
B N\2/4 P24 C\D/M
E
% NACHINE FEED ROBOT DATE 18.08.10 ‘ %G NO. ‘ 1%
P
A TIME PLC 1/O(MSB748R)
oles o = | s oo | wom s | o |
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1 I 2 3 I 4 I 5 I 6 T 7
A P24 N4 P24 Ne4
N
L POHER POSITIVE o HOPPER GATE HOME O
POHER NEGATIVE | HOPPER GATE REVERSE 0
AUTO CHG STATION STATUS 1 HOPPER GATE FORWARD 1
b AUTO CHG COMPLETE 1 HOPPER GATE HOME 1
BATTERY LOW - HOPPER GATE REVERSE 1
GRAIN FEEDER STATUS(RF-1/0 OUT 0) - SPARE
L GRAIN FEEDER ALARM(RF-1/0 OUT 1) + SPARE
HOPPER HIGH 0 +~ SPARE
HOPPER LOW 0 e~ SPARE
e HOPPER HIGH 1 ] SPARE
HOPPER LOW 1 ] SPARE
HOPPER HIGH 2 + SPARE
L HOPPER LOK 2 ] SPARE
FRONT HOPPER 0 ] SPARE
FRONT HOPPER 1 ] SPARE
b MARK SENSOR 0 0 SPARE
MARK SENSOR 1
HOPPER GATE FORWARD 0
i P24 N24 P24 ‘NEA
E
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L s w(_ P10 ) | SERVO DRIVE ALARM 5 (P38 mE® B, START PL
s w(_P11_) | SERVO DRIVE ALAM 6 (pP ) —
e = P12} | SERVO DRIVE ALARM 7 P39 £ w0 STOP PL
b P (P13 SERVO DRIVE MC TRIP P39 ) P
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s = P15 ) | STOP PB
—
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E
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) A 2 73 7R A= 24

- SABAAEE A fs dolA 7Ivk A2 Al (Laser Range Finder)ol =
(Encoder) 2= “ A1 B9 1] % (scan - submap matching)”7] &< ©]&3t A =& A4

- AEFY ZRFY AANE =2 A ol HAHS Ade FIA A=E A=
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- 259 oY) AA(AE T AR =5 AA)E AE AAR st AEFd 9
o] 4amE Y
- AT SRFL AR FART A AeFY ZUHFY AA L AE AR

ok Wiy E oA B2 A 7le A
- 1Y/ AAYE Yy EolHE AT 42 HA7I€S RRT 7[H< 7Rte = st 7]A g
5 7led A5 A=A Vlee MY

(1) RRT 7]|"(Rapidly-exploring Random Trees)
- random samplingS 534 HAE2E A4
- AE BEES st Ao AR Yt AA miyEdoly A ZA oo v

BUILD_RRT(g)

1 T Anit(qmr)

2 fork=1to K do

3 Granad < RANDOM_STATE();
4 EXTEND(T. qrama):

5 Retun T

EXTEND (7. q)

1 Gnear < NEAREST NEIGHBOR(q. T):
2 it NEW_STATE(q. @rears Grnew: Unen) then
3 T.add_vertex(g,e);

4 T.add_edge(Grear, Grews tnew):

5 if ¢ = X then

6 Retum Reached.,
7 else

8 Retum Advanced.
9 Return Trapped.

<RRT Algorithm>

0
X[m)

X[?n]
<RRT Algorithm 22+ 24 < A: () RRT* () Goal-biased RRT*>
(FE3: S. Karaman and E. Frazzoli, "Incremental Sampling-based Algorithms for Optimal

Motion Planning", Robotics: Science and Systems (RSS) Conference, 2010.)
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Abstract : In recent days, the autonomous mabile robt for indoor logistics are widely developed. A map of the target
environments is most essential informatian for the autonomous navigation. The map of the environment s used for the
localization, path planning, The autonomous map building in indoor environments can be carried out by human
operators. However, the indoor logistics environments are wide than that of the typical office environments. As a result,
the autonomous map building, SLAM (simultancous localization and mapping), schemes are widely developed. In this
paper, the well-known SLAM algorithms are compared in a real logistics environment. The experiments are carried out
using the two different types of laser scannars. The experimental results show that the application of the SLAM
algorithm in the logistic environments can be successtully applied by exploiting the appropriate sensors by considering
the target environments.
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Abstract
I recent days, mobile service robots were widely developed using the Robot Operating System (ROS). Espesially,
the SLAM (Simultancous Localization and Mapping) schemes are most useful because the SLAM schemes are
requiring the previously recorded sensor logging data. In this paper, we represen the simulation setup method using the

ROS and supported SLAM schemes. The simulations were carried out using the pre-recorded odometry and laser scan
data. The SLAM results using the Carlographer and KARTO SLAM were presented.
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1. Introduction

There is a lot of research on tracking and follow

ple in the field of mobile roboties[1, 2. Whe
bots are tracking people, they are affected by
conditions, environment and sensors

actively carried out to track people’s location in crov

or complicated environments. The sensors whicl
are camera, lidar, radar and so on. There is a

how to process a la

And in the use of a single sensor, there is anc

of how to rec

tion with limited data. Therefore, proce:

these sensors is very important procedure

we focus on tracking people’s location based on

ange finder for autonomous warehouse mobile

The aim of this research is experimental ve
peaple tracking algorithm using single-laser range

by SIPDAF(Sample-based Joint Probabilistic Data Asso-
ciation Filter),

2. Research Method and Procedure

Fig. 1. Experimental Setup (a)hardware, (bsoftware

(Framework) (¢)Experimental environment

Related studies are

e amount of data from multi-sensors
her problem

ze a situation and track people’s loca-

this study

ification of

1. shows the experimental setup. We used an indoor

differential whee

BASE). And the

a mobile platform (Robot-

nik's RB- or is used with 3D la-

finder (Velodyne's VLP-16). The software uses

ROS(Robot Operating System).

which provides a stan-

dardized platform for robot software. The experin

environment(Fig.1(c)) was constructed based on the data

obot perceives as the logistics environ-

which is used for people tracking es

onventional Kalman filter during the cstimation

process and uses a particle filter. Particle filter can track
people better than traditional methods through the nonlin-
ear or non-Gaussian characteristics. The configuration of
SIPDAF is shown in Fig

| Laser Sensor dara(Range value)

Feature Extra

2. The configuration of SIPDAF

The local minimum is calculated from the distance value

n the sensor, and then th

pose is pre-

dicted by comparing the data at the previous step with
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1. Introduction

Rigid registration of tw etric data sets, which is

refere and input data, is essential in robot naviga-

tion. Most commonly, Iterative Closet Points are widely
used. ICP starts with two scan data sets and initial guess

for their relative rigid-transform, and finds the closet point

lates the transfor-

nd

pair between two scan data,

mation meric through the point pair, and apply the trans-

formation metric to input scan data. However, when mo-

bile robot is moving, scan data set s slightly deviating
this situation, at finding closet point step, ICP finds fault

closet point. and calculates fault transform matric. In this

research, we apply outlier removal method [2] in mobile

robot. And we test ICP with outlier remov

show this algorithm performance, when two scan d

slightly different
2. Research Method and Procedure
When mobile robot is moving, a pair of scan data can

be slightly deviating from each other. We are trying

is 1C

move the different part of s

n data. Fig

outlier removal pseudo-code. We assume two scan data. M

tm1 iy is reference scan data and X = {x1.x2

i input scan data. Line 3 is fining closet point step. This

step is finding the closet point as Euclidian distance and

constructing the pair of point. We search the point using

kd tree algorithm(3]. Line 6 - Line § is calculating the
pair of point distance. And sort of point pair, when pair of
point distance is over the distance threshold. By sorting

the point, we remove the outlier data. After removing the
oo SRR e

outlier, we calculate the transformation metric. To calcu-
late the transformation metric, error function is defined as

Equation (1)

S m-ry P @)

ar Value Decomposition(SVD)[4], we
the rotation matrix. To calculate the rotation ma-
hould compute the center of point pair. Equation

(2) s each point of cent

And construct the H matrix as Equation (3)

\pw

H= %,

o3 a)v=(s

rotation matrix can be obtained. (equation (4))

Tyl

pair it =

Sy
Finally.
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2. ROS: Mapviz
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F587) AME ROS package o YHLA Mapviz/
iz # AT NRBANA cps ATR LTI
2R FYr] AMAET Mapviz & AHSE A Ee]
A2 2% A2 F4& L8 ¥ & A Figl
€ Mapviz 2 Aol A%E AMNEE dHAD.
MipizE B A % AAES dEe 44 23
AN AP AR

GPs AAE Asn A A4 GNss E HITY
AU EX, *RAKRHcbmoon@jnu.ackn)

Fig. 1 The type of sensors with Mapviz

Fig. 2 GPS sensor test results
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AUTOMATIC FEEDING SYSTEM: EVALUATION OF ENERGY CONSUMPTION AND
LABOUR REQUIREMENT IN NORTH-EAST ITALY DAIRY FARM

Andrea Pezzuolo', Alessandro Chiumenti’, Luigi Sartori', Francesco Da Borso®
‘University of Padova, Italy: *University of Udine, Italy
andrea.pezzuolo@unipd.it

Abstract. Feeding operations in dairy cow farms are of strategic importance for the economy of the farm. In
addition to being strictly related to the productivity of the cows, feeding represents one of the greater costs for
farms, considering that more than 25 % of labour time is dedicated to this operation. In a context characterized
by the need for maintaining high production standards and of decreasing the costs, the adoption of automated
systems for the preparation and distribution of the total mixed ration (TMR) can represent a valid solution,
especially in specialized farms. Automatic Feeding Systems (AFS) allow for the increase in frequency of feed
distribution with a consequent optimization of dry matter ingestion by the animals, and simultaneously, assist
with maintaining a higher stability of ruminal pH along with significant advantages in terms of health and
production. Furthermore, they provide a reduction of man labour related to preparation of feed, distribution, and
to propel the ration closer to the feeding rack. The present research was focused on monitoring of a dairy farm,
located in the Veneto region of Italy, during the transition from a conventional feeding system (CFS),
represented by a tractor- operated mixing wagon, to an automatic system equipped with stationary feeding
hoppers, a mixing unit and distribution wagon operating on rail. The paper reports a comparative analysis of the
functionality of the two systems, including energy consumption and man labor, for preparation and distribution
of the TMR. Despite the initial capital investment and maintenance, expenditures have not been taken into
account in this study, AFS represent an innovative way to reduce the labour requirements and the improve
quality and consistency of work when feeding TMR. In particular, labour was reduced from 2.5 h-day™ related to
the CFS to 1.02 h-day”' needed for the management of the AFS. The AFS also demonstrated, to be of interest,
with regard to an economic point of view, reducing the costs for preparation and distribution of the TMR. The
CFS, in fact, showed a cost of 1.44 EUR-m™ and 0.16 EUR-cow’ per day, and the consumption of energy of
24.66 kWh-m~ and 2.74 kWh-cow™ per day, while the AFS revealed a cost of 0.91 EUR-m™ of TMR and
0.10 EUR-cow™' per day, and the specific energy consumption of 6.81 kWh- m~ of TMR and 0.76 kWh- cow™ per

day.

Keywords: dairy cattle, automatic feeding, energy consumption, labour requirement.
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