HIO|QAJABIZSE! (J of Bzosystems Eng)

Vol. 34, No. 4, pp. 278-285 (2009. 8)

0|85t L2 Ko pCy|dt X5

i

GPSE Mol AlA

A

rx

rot

FXH

e

it

tok
Ofo
X
E]i

PC controlled Autonomous Navigation System for GPS Guided Field Robot

J.W Han J, H Park S, K Hong Y.S. Ryuh

Navigation system is applied in variety of fields including the simple location positioning, autopilot navigation of
unmanned robot tractor, autonomous guidance systems for agricultural vehicles, construction of large field works that require
high precision and map making process. Particularly utilization of GPS (Global Positioning System) is very common in
the present navigation system. This study introduces a navigation system for autonomous field robot that travels to the
pre-input path using GPS information. Performance of the GPS- based navigation is highly depended on its receiving rate
because GPS receivers do not acquire any navigation information in the period between the refresh intervals. So this study
presents an algorithm that improves an accuracy of the navigation by estimation the positional information during the blind
period of a low rate GPS receiver. In fact the algorithm calculated the robot's heading in a 50 Hz rate, so the blind period
of an 1 Hz GPS receiver is extensively covered. Consequently implementation of the algorithm to the GPS based navigation
showed an improvement in guidance accuracy. The conventional field robot directly carried an expensive control computer
and sensors onboard, therefore the miniaturization and weight reduction of the robot was limited. In this paper, the field
robot
enabled the field robot to be built in an economic cost and miniature size.

carried only communication equipments such as GPS module, normal RC receiver, and bluetooth modem. This
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Fig. 1 System block diagram.
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Table 1 Specification of GPS and Bluetooth

GPS Bluetooth
Manufacturer Novatel (USA) SENA (Korea)
Dimension 46x71x13 (mm) 96x31x16 (mm)
Voltage 5V 5~12V
Accuracy <5m CEP -
Protocol NMEA 0183 RECOMM, L2CAP,
SDP
Sampling Frequency 1Hz -
Effective Range - Max. 1,000 m
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Where, R(s) : heading rate on field robot,

)
St(s): input steering angle
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Table 2 Specification of field robot
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K,

K, (d,~d) — Ky (©)
Where §,,

: input steering angle(deg)
K : cross track error gain
K, : heading angle error gain

d. : cross track error command

Fig. 3 Cross track error controller for field mobile robot.
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Fig. 4 Response for cross track error, 0 m.
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Where S : turn distance (m),

R : radius of rotation (m),
6 : rotation angle (rad),
V . velocity of field robot (3 nys),

t : time (sec)
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Fig. 5 Rotation rate

Fig. 6 Arc length.
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Where L : distance between two axial rods of the front

and back wheel(0.535 m)

o : maximum steering angle(20°)
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Where R(s) : heading rate at the field robot,
St(s) : input steering angle.

o/ 9 AEREERD S mis U
A &ol vl ohS 8 Ao Agage] A Ao
) Bk 2700) F D HAYE BN A
ol W8l 7 4E 208 4IA AEane 43
e Fol2At algich

I8 112 HE Z3el d=Fg2R 299 AEold

Adfoltt. TI¥elAM B ule) o] oA 13} HYrE
TF9ak A B B8 o0 A5ake) 0HL B 7



o Pra e 5] Bulo] AlEwo|d Al ZARH FF
e Zle B 4 Qe /\]ﬂﬂlomoﬂ*ﬂ Yaw rate”} 13 deg/sec
o £4sl717H4] 3.8%7F el Aol vla] 235)8 A¥ A
oM oF 2~3%& ZHellA] old] Eudle] o ME SRS
Bolq gl o)y A¥E d=FAREY A7 AL Al
ol B Eo] 7ol AA| F7)Ale] Hl3] $9 £E7) wE B
T Qo] AA| ARg Fe A9 vlurt Yo A7 Hol
B QM Ageks W SASEY) GPSY) T F
S A% YA FFLuEY BE FHoteA ok
02 Ao ee FF AL BuERRM HFHE
th 53] 18 119 434l B vlkgh 2o 12°4 %
fol7F vhe A& 15-20 Hz9| =¥ 253 o] 2 i<
Jgo® Aifel] F JTE v|AA fgom, E A7
5= GPS estimation & 18|&2] AJ50] Alo] Asol
Aol thgk *ﬂ-ﬂ-k‘ e ygow FAgE
F AlEgold A7t 2 AAEN

2

i‘

[o

fo b 5 o>

H
o
N

S
Ol
OSF

=2 o
1o N

oo H o X
mo L oo
[ l‘li‘

8

<,

o

tlo

ot

rO!'

=
2o

16} ‘ ] Test |
ot

Yaw rate, deg/s

)

Time, s

Fig. 11 Result of field mobile robot modeling.
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Fig. 13 Comparison of heading angle among GPS-Gyro estimation
and GPS only.
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Fig. 14 Localization result using GPS only.
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Fig. 15 Localization result using GPS and the algorithm for position
estimation.
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