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Unmanned Navigation of Vehicle Using the Ultrasonic Satellite System
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Abstract : In order for a vehicle to follow a predetermined trajectory accurately, its position must be estimated accurately and
reliably. In this thesis, we propose trajectory tracking control methods for unmanned vehicle and a positioning system using
ultrasonic wave. The positioning problem is an important part of control problem for unmanned navigation of a vehicle. Dead
Reckoning is widely used for positioning of vehicle. However this method has problems because it accumulates estimation errors.
We propose a new method to increase the accuracy of position estimation using the Ultrasonic Satellite System (USAT). It is shown
that we will be able to estimate the position of vehicle precisely, in which errors are not accumulated. And proposed trajectory
tracking control methods include both a new path planning method and a lateral control method for vehicle. The experimental results
show that the proposed methods enables exact vehicle trajectory tracking even under various environmental factors.
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Fig. 2. Ultrasonic distance measurement system.
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Fig. 3. Configuration of USAT.
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Fig. 4. Experimental results of USAT positioning measurement.
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o] Aol AREETh AFFe] AL 40cm, & 24cm, FA
+ 2.105kge|t}. 1/10 Ak 142 2% 8ollA{ 9} Zo] USAT K| B EXY
2 Fa4 04xe] ABY AzoZ FUNA)E A4 (CMP303) | | ¢
o 0128 ARFEOE A UFIEKCMP303-Robot Lo Je
Compass Module) 0. ZH-E| W&z 4)S A E3sHA ot Ax MM Aas
ke Bals 0100 dibEo R el v T4 A ( ATMEGA 162)
Hi= ATMEGA 1282 ©]-83}] computer?} RS232EAS
S 115200 bps®) SEL data(x, v, 6,v)AS L Al leso o
(5,7 Y& v "ok 3eke] TERE ATI0S313S ©]83) so A (HS-500)
] Hitec AF2] HS 50045 BEE TEA7|H - 2gzre ( ATMEGA 128) volt ase
A 300 ol) hE o2 T7 7oA BEo] gl FAIR (0C MoTOR)
sk 110 Re] A FAlo] TEER o)F IXAA F7] @, votrf] [, 6,9
A A o gk Computer
(Controller)
x=x++v5 +2° cos(8-6,)
@
y=y+52+2%sin(6-6,) ¥ 8. sl=s)ole) A,
e Fig. 8. Configuration of hardware.
A7NA g, E 25T TR FAFACG) Atolg] ZtolH,
6 Aol AR A e wrztolth i

=

a8 9 Ao ALEE 110 Fa Ag g AF mE
£ vehd glolth B EReAE F ni mug
lookedown 5 SlFelolE 24% 1Y RUPS olgHT |
[4]. F w5 Zbicycle model)& AF 2ukE, 35 v 2 !
b A SR T iR B71s @ el ol |
% Aozt BAolng Alge] g, WXLEL FAIS, 2 ¢
2 ko) Zbw Ao} T 50 YA FAE S A :
Az Fe}. ook 2 24 oA A} ofFoixick
Agsa 51 A o9 g i gy g
s Zhzke] sebulels ® 13 2ok Aok mage) A
€

¥
3t
H

fo BN 1N

———6————<—C< \—)8
cY

a9 9. A A 2,
Fig. 9. Simple bicycle model of vehicle.
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Table 1. Parameter of 1/10 car.

ki %
m 2.105 [kg]
{ 28.5 [em]
a 20 [cm]
b 8.5 [em]
Cr 0.191 [N/rad]
C, 0.51 [N/rad]
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Fig. 10. Bode diagram.
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Fig. 11. Position of car by control input.

a : distance from the vehicle C.G to front axle,
c - distance from the vehicle C.G to rear axle,
C/C, : front/rear tire comering stiffhess [N/rad],
1, : yaw moment of inertia,

/ : wheel base I=atb,

m : vehicle total mass,

r :yaw rate,

u : longitudinal velocity of the vehicle at C.G,
v : side-slip velocity of the vehicle at C.G,

6 :front steering angle input.
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Fig. 14. Path planning method.
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