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3-Dimensional Analysis of Magnetic Road and Vehicle Position
Sensing System for Autonomous Driving
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Abstract

In this paper, a 3-dimensional analysis of magnetic road and a position sensing system for an autonomous vehicle
system is described. Especially, a new position sensing system, one of the important component of an autonomous
vehicle, is proposed. In a magnet based autonomous vehicle system, to sense the vehicle position, the sensor measures
the field of magnetic road. The field depends on the sensor position of the vehicle on the magnetic road. As the
relation between the magnetic field and the sensor position is highly complex, it is difficult that the relation is stored
in memory. Thus, a neural network is used to lcarn the mapping from th field to the position. The autonomous

vehicle system with the proposed position

sensing system is tested in experimental setup.
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Autonomous Vehicle

Magnetic Road
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Fig. 1. Magnet based advanced vehicle and highway

system.
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Fig. 2. Structure of magnet based autonomous vehicle
system.
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Fig. 3. Measurement system of dual sensors.
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Fig. 4. Structure of neural network for position sensing.

34 MY st5u

EEe A7 Bis Y 749 A4e By 3 B
gt Pgor HAsigona 1§ 59 Zo] Reg Ko
Fiol d&xog viBdoE A8 o 5 ook uely A
A3 TFAT] S See e F URla g
E A gg dEdEHeR o, 2 g AXE 2y
Hog dto] etk qF 8ol AAZEY (dy, dy) 8ol

=
-
=

i

A XA 3% 4% A 4B,, 4B,, 4B, F 594
B (Bx’ By’ ‘Bz)

a5 SguE 95 Qe
Fig. 5. Acquisition area of learning patterns.

Wy

< M WAl S S5FEL olg
ik 98 9 21 g9 deols: 9S4 (unipolar) 2.8
garstetel ARt g2t 2] FAGSE
A MR Eisigmoid) B E AMgsYch &4 A
of el g F8 F AT WY dF StEEe Aol
o] A%g vehiy, shgol TE A Gy AR A
Aol ¥t Ao dwksl B4 oty HAF
28g A4 g

35 o4
Al 7k

Tl [=}

o £
gt
Ip

}.
{4

8 om

hig

4 RAZE 3%42 A U FHAH

4.1 AA - A #BA SiHAE

WETE FavHe olgste AAE A A
AAE st Bk e HaM 34€9 2L GG
A ahsdld e 59t & A9 $ixo] w334 g7
oM Al 3% dRoen RaEch WA 3% 48 24
BEE d5slol gt 859 AX9) A wAE 4vn
o BAE e

i

2



A g XM ges =2

=g X 2005, Vol

1000

ABx [mG}

15, No. 1

8
v
B 6 5/ + B Ay
®  C(s) > Als) > V(s) 1s?
~1000 *
-30 -20 -10 ] 16 24 30
Ay fom}
(a)
M(s) pe
g
£
g

-1000

-1

ki 20
&y fem]

ABz {mG}

O 5 AEE Aol o BHaAde] B¥
(a) 4B,, (b 4B, {¢) 4B,.
Fig. 5. Distribution of differential magnetic fields for

lateral deviation
{a) 4B,, (b) 4B

v ) 4B,
a9 58 %7‘:’”% A ez me 3% AE A4 £XE
vebdeh 2y 5 (a)e 66”‘%"“34 AAREE e
v} Zaubsk c};sﬂ #AZo} 59 AT dE v
ek gk
a9 5 (e JEPEE AAREE e 3ug A
oAt FYiet dAste] 0 o AAE
7hck b #Heg doldss

S2 AdAs
A 7F SR 30lem]

=TT
O] AR EE 0ol 7kl
;1%3 5 ()= Az‘tatsl:ﬁ:!. x}yﬂ*,ﬂ:{: L}ﬂ‘ﬁ‘:} %Hhsﬁ
Aeeart 09 W AAE 09 v, S92 ZoiAg A
9 arrh Fvhach F #92 Wlom] €old 9 AAE 3
W AZ7E 7Y e REe wheld
42 F¥ HdEg=x=y
AgFYe A8 Ao
Agke

we A

aﬁ} O}Cg‘“}

3.0
£FE

2% 63 o] FAlstel

a9 88 F4n

30

O8 6. A&7 Aoirage BER
Fig. 6. Block diagram of autonomous control system

Clole 4874 Aoi7|2 AAd ANAE7]% Aol
1% At A B 5 ool Aage] AW A =
B7h 5% 2YUT Aov|el 2YFUl e} 2 TEA
29 AE FAA 53 44 GuAs 28 0,8 2
A, Ae 2

Fe 25 50 93 Aske B9 B4 Vg
o wel J2g HAe] siex RS 98 ol X
of ARG FE o9 ERE HE 8 o] FaEA Hol

2234 4 193{} dy & ZAskA goh A4

A Misies AARE dy AFoA gdsts

gk Alejiol %

AFe w2
= A7 BE &
degich oje} & A-FY Aol V*"
ghB ko]l afel 2ol F8o] o]F |z}

A-zf‘

A4S Ao B & Tae AL 13;1 7 o] 2
L8 Fdshe

10[m] w72

=y b

12Im] €H 2 J«HES;Q} sz 33
FTdzzz stk A
oM Zste]l $Eor AAEA B}

S F‘s‘ B

.
IETE e

Fig. 7. Experimental condition of curved road
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Fig. 9. Result of autonomous driving test on curved road.
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