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Abstract

This paper suggests a new map-matching algorithm for matching traveling trace of vehicle,
which is measured by GPS receiver, to the road of a digital map. This eventually brings the
improvement of positioning accuracy of the vehicle with GPS receiver. After representing the
travelling vehicle’s motion by state equations using Singer’s model, the proposed map-matching
algorithm places the position of a vehicle right on the road and also improves the positioning
accuracy of the vehicle using a Kalman filter. In the crossroad, since it is difficult to determine
precisely a current travelling road, we take linear regression to the estimated values from Kalman
filtering. This gives the direction angle of turning vehicle, then we can determine the correct route

direction after comparing with each route-direction angle at the intersection.
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g7 e GPS($148) DR(5&3)
- S5 AALA} - elo]o] Aukg e w3} wlmy
oa1gel - 94 29 A=A R A - ARl AAe 28 g7 A 2ek)
- 7% Ad Az e] o gk
i - 2= 5ol o3t i 24
- B, 2% Uy 5ol we "} xelEa 911
= A4 A Zafo] Erlgslt). - A7k Aol whzl e A7} pAEe] F)x|A] S},
- - A8 A ale] Ak wel AUErE 4%k | - 1A A9 HiErt A
& e}
- A 7IETE ol 8% Alzr=lm
1‘?/];]2} = —‘f—]é - SS}PS Ak A - GPS FAI7|v A=Ay 5o o riss
W | M" ) f_; uﬂf RS Aleste] 9315 2 ol&sle] DRelA AN 912, Wzt 9 AA=
- Mol =7 o e F o . N o
A = o). dA] AME BAE 4= gt

22z} Agst dart gl7] Wil 2 Bt A=)
gl R AF7 FES) F4H] g 7

2 E=ElAE slEe] Andae] s gl &
A, & A 24 GPS 91X ANE Ay H
Aelel E2E Fo} WYA7IE wy So] Be] o
e doa Ay SAA|A AEE F3 HRE A
T3 HER ol x| {3 AL FelE ol%-
sto] GPSelx 41 xR xS siAdskd, &L
2ol AR e olgsle] Ae] zlg W
P2t AYIHES Vo) w3} AwelPe) Db AHS
FARR Agste] ZAR7L obd E2F FPAHE
e =22 siAEs ORKE WABIES itk

ey

=

.

0ok

7l

L sh7lest EAA
ek AEA] (CNS: Car Navigation System)2] A%

& Awe] FYAALE drht A EAzke vl
A9, o]2 g8 s slEAeR Q7HE o]

Aepel @A) AT A BB Prleeiny
AR 7bg el Al Sl Hrle
(B GPS 9IRS ol8siel Aol 912 ARGIE, A
= 51 AT AHPE71E3 DR A4S 0183
o oo Aele) vl ARE B AAq) s,qi]g__ -+
she FEapislee] bl sysps %
22keql H el wE EAAT AR

53

x1

éi&

(159)

Jehiigick

2. L A E2A % dofE &

e ale YRd £ 2| %(digital road map),
e /W, A v 2 GPS AR A"
o] AR SAEL BT ALHOFI QAN 1
FAAE tAF E2AE dojeluo]2e] T& g 1
FE9} e A Asde BH9se Sadal
fq9log zhag) =3 AT dueES 5345
£l Sleld 71Ee sk o] ERAE voleo]]

‘——0
L

E

wf o] 8- o2 dolelulo] g FAdstedop et
wWAA o124 71
(Intersection Point) (Vertex)
\ / &3
(Ending Point)

\/v — 219
2y oEH
Z3

213 1. Polyline?) %
Fig. 1. Polyline’s structure.

OAY E2AE dolel A4 A BEe o
olElMlo] 2 e} Bz weo] HAFIA FA,
A3 2, U-Tum 3), 2z28) o] Soz 7 Jeich
Aq7A] ETi= le% "YZ}-X‘j qAA]o] 5] F= 9l



70 Az AA Y Aol daeige EF AT ki St
A e F NS dFshe A vepie Al 2

Aflo) m2zte] QA ®EE 4 dE FRE M 4= I de s i=1l2 M
o}t g delejslolae W2t AREARIA 7

o2 ATY 4 YES polylined) FEE /HAEX Y L

AR A%0E TR T 12 polylined] T2
£ woiFw), poylined g BA, WAET 2,
TR BAE QAshe 9asel AT b
st olejol] Fze] Ao, mre) SRR, AT
Hx, ) 59 7l5h HRE dehlEE ol
os% FAY 4 ek

m. 7l2xel Xzojd ¢T2|E
AwopEe Aeke F2 2rdlold ek

P Aol ey Aeae] m2el mokst GPS
50714 DR Aol 3 FelRl FAARE vl asie]
o] o £RE W} ol By hEAE BT
240 Auabell Aol we} A A4 92 2 73
A2E AT 4 oA sk el old w2
supel Sagrles ww 24 SlAd 7 Tk
2w o] A2 2 9l Fskn g Aol
3 AR R2g Ads) 9, 7 22k A
22 Akl BAEe] vl 9 E25 Feld A
o) wgpsl mme] whel g fARY E2E
A e,

a2l 2. HIARE o] 43 A=A

Fig. 2. Map-matching method using shortest distance.
18 20fx19} o) FHubAZE o]4’t A

GPS 441714t DR AlA9] &A49A zol4 =2 R,
(=12, )79 HA=E Tl A4 5%

Q) ARZ AAFH= otk oL A (V)3 Fol vt

ehd 4= glek

(160)

R = {x{n | x» = a+y(b—a), 0=r<1}
3714,
a =[x Yi]T, b= [xi+1 J/z‘+1]T

o7 4= EHAA zelx 7 ER7RY A
Aeleld, x(y») © EZ RS 4 ¥

LI
=

et Y k= b E EPhe AR et
A wE oo B = b9 B, F W3
ZolE 12 Bokg ) A3 == o 2 FES 93
ARshe agolch ofw ko] W HRE o
slod 2 wie] Wt wlmdehd meh AEsia
4 Qe ARE AT £ e Aol s
ol T3k 92 Aueke aed DA gl A
of Wkt AuzkA 3 #H9El D ke
& A (92 e 5 9l

3

= A2t

1T-T
a—

=

¢> oo ajn 1o

A

[e]

Ko

o

FAl

K=
=

)

3

D= V(g d)+(aqy-4¢)" i=1,2 - (2

1714

d¢; = ¢~ ¢;
o] W g, )T 2] WY 4,2 F

a9} 49,2 FAEA

ai, 4z -

B =Rl 9% Arrke 3#d HdA= 4,7
28 7ol wakt ARz ;g =] DE
T3le] AR AAseH, ¢, ¢, F °183l 7}
232 2 AR ¢ JES sk o]} o]
A elel Wkt ARE o|4tt el daElES

s

magds sasje] Il 2t 42E 23, 2
Az A2 Al FUAS AAGATIE PEe W



2000 3R EFILEEHRIE

gt =EehAs pasha, ApEkel Fef A 2o} A7}
A o]zl A4k =Ref AmuAEl $HE o]
43le] =Rekdle 2es| 3gle). & polyline®] T+
22 Holgle txg ERALE ey 94X
(connectivity)-& Z#sle] £ 25 &2 2 1 49
A|7to] #A3] FolEA Fr)

]

o

9, GPS A7l DR MGl 535 dlolel s
Heilelel W Hug ol88 NEohy el

of A3 Agstede chedt e S Ao
ek A, 4151 dlolels} Falgal ERellA] wel
sohbl B Aol Azkel Atk XS AR
5u}, B4, dsd o exy} AlshA vehls A4S
of A28} 99 AAe] AP 4 glow, wg £
o) Ao 2§ E2HaS ST 4 gk Wik
o2 A%¥ ¥ ALY A7t Aolela] Aepigt A
77t opd ARl o8l frEEE B ZERA
Ao, Aelabgs) Zakse] AFREE spHlciw,
Ak Ll o) gsle] HH9 T ST £ Y
gzl Apgord” U gElne B =rele

 Flshe Al 58S wdwd

o 1
o2

dagle B2 9

F A BEE Agale] 44, S= WgAL 29
oos fsh 2 BARE SRBRE
V. Riotst X TopE 2na|E
1 Aol £ melee] e 2 Be) e
MHor FaF Ake Folrl masleld &
Aoluz 43 5L Dehn AT 4+ ek el
A oA el Avke zel Wkt g0
SE, Wt ARg FHTORH

o A wol A8
It ool Wik Adeig A
%‘E}[IO].

x(tk) = F- x(tk) + G- u(tk) (3)

o37]4]

(161)

374 SPiRE OB 2% 71
00 sing; 0 0
_ |0 0 cosé; 0 _ 10
F 00 0 0 G k @
00 0 0 0
184t
x(1) 1 xFe A, yF2 A, Ak &
I, akeke] wRgzhs el A
Bl [x(ty) ¥ty oty $.t)]7
Wiy + AR ARl el e Y
(unity white noise input)
b WA FAF w2 Wt
ko &xo] wslek
el mdEe A R U T2l Wit Wt
A e] Agslelo} gtk a|BE AmeA] daelE
o gl Qi ART /1EA AwY e
2¢ olgsle] 27] m28 igems re Wi
g ok 4 ek 2 ol £22) Q746 29 o
< F3 7ARe] Hkskrhs o]gs Hc,
21 (3)9] AebAlS- o]ab AlRtellA| 2] AdeinlAdAl
o2 WAz A (5)3 2ok
Xpr1 = O + wy, w, ~ MO, Q) )
ANz, = AT g oA bR x(z)0],

0, = Ay oA o 2O Aol RS el
u, v AR o] Oola FEAL o]
Q. 7FAIRE #E F-EE rigich ofu AbeiAo]
g9 o, ok FEAL AH Q.= 44 A 6), (N 2

o] 7% 4 3k

[N

tsin¢,- 0
tcos ¢, 0
1 0
0 1

[\

D, ‘Ii».l{[SI_F]ﬂl}t:At ®)

10

1
00
00

Q = E[wkw/;l] fea T [ (0:.6) '(ka)T]tr—m

AP K sin’p; AP K sing,cosd; Atk sing,; O
IR sing,cosd; AP K cos’p; Atk cosd; 0
AtE sing; Atk cos ¢, K 0
0 0 0 0

)



) A A A ol A 2] A = o)A
o714 GPS FAl7le 1% ACR Heleg 54
st s AEE XZF 4+ 1otk 123 GPS 417

|
&

Nlo

o DR M2 ¥ 49 939 £ el
dehle SAAe A @)} o] % 4 sl

=
=

v, ~ NO, Ry ®

zp; = Hxptuw,,

A7 2z, &
R Za ]
2] #AE el

A7 ol Az p %) $14,
) Atepalelol

IO
Uy ﬂt:)‘

) gl Hi
4] (@)} 7]

©

A5 ek
1gale] Aape] Fal

[e]

Oui‘:]' e} WApR A
o A%z e 29 Wil clelielng A
Jo) 3 A2E vzl Bslolt sk BApt olrk
Z B =iddMe ZAE =2 6 9le 2kl dib
Al ZdllEsiolr] digel Aot AASA o2 Al
Ae A A Y ook aElER wAR2
oA zepel T3 ARE At AR daeiEel
2ast
2. A3 AE o83 AR A2 AA
AR} Qe A%, Yol AR AL A
4 dueEolt 2w Al o4 Axo el
2o A4 Aes1h YSch meky o 33 gol

o}
E=4

(162)

s =

ek A ek

¢

2t E{a]oﬂ _/ISH _,JJQ z}alq _r.zi z]zsg ul—z‘soh a3

. o A" ERAE Holele] &3 7 &2 R,

) 2}l ¢ (i=1,2,, M

ZARe| E vlasto] wARRel|A] H FePEal
2 A=

g,

[o)

(i=1,2,- n}gkz} o

=

=g
s

-

Regression
Line

a8 3. AR 22 Bgre MEske By
Fig. 3. Comparison of progress—direction angle and
road-direction angle.

NEA Y5
NSOHEY 28 Hay

AR LE

02 4. 3R ke g
Fig. 4. Principle of crossroad detection.

ol WA Aaslofo} sk Zo] WAZY ofiE
sk ol o] APk wAtzeld 2] Asehy o
TelEe S-S Heickn @ 4 ek ¥ =i
A T ash 2ol Al WAl Fedgel =g A
A = Q0% BY e Cloe] AR ulel ARk
ok el A FaEl 22 A k= (0F §

el FALlE FAL &} 35, B olgsiel 2

W roheme] Alg of o

B

H xsg FyYes 3

Wl mAT elvE mesima doh old
G=0.1 e AT 94 7] AmeiAe|
o3 A=lE vielich ¥, aAp2 k) slAghol=t
i ) . L A% dle]g] zlAje] Q.
2l zlepel o S -5 ssle] dAsjebdt A}
Holm AHEE 2 4 9 Aelch olul HEaL



20004 378 BEFILEH

A= Y FdsLeals 150009 1:25000 %4
o] 7% 247+ Tme} 36melri™,

o|¢} o] ALy} A, Ale] AR =t
PYohe 7S sk A HHE AR T4l 4
A Zle}, olu el AR AE=my] gl
AR, o) el sy flsixe WA Tl
o eeA A A rhed 7 =2l tispe] AR
A keE FACR RZex] AAMEReze) wekh

£ v Aatel ok oho® At el o

93k zeold xF9) 9F, yE] HAL S oz9

gl

}jA

E Ay e AdlsAyla, 7k A8y A
& P)FoR B WYAS AR o] AR 3
2 Ag ekt 3, 7 Aok
AYFAE Azl 7 v, = A 103 2ol vepd
S, 3,9 B WelYel o@ 3 3, Aole] 2.
A e, e A (119} Zo] mawg,
Vr = mxptn QLH)]
& = §k— .;’k an
e, ol g MSE (Mean Square Error)e 4 (1202
2 FAEH, o]F HAE sle AF m, wo] A (10)

£ o) WAL CE BE 4 Sk

MSE = El&] = E[}:ez] = E[f}( - y‘,-)z]
= E[i{ 3= (m )?i-’rn)}Z]
12)
Al (129% m, nol i3] 22 wjEste] o] =HA 3}
= m, a2 2 A (13), 14 FsEick
3 & 5~ ELRIELSD)
m = (13)
S R EEP)
7 = El31-mEI2) (14)
o37]4],
ez = L35, m51 = L35,

=+
-7

(163)

£33 %H SPHRE OF LK

Hepe] 24 3]
Al(regression hne)«] 7)-87|nk okl zjEke] Az
ulekzhg 8k 4 9&‘4. gejez v "9} 4133
ol o3t Ajuke] A4z wpepzke A (15)9) 7o
“FEzIck

15)

o)sh o] Tt Aupe] sl Azt
of gzt g, sjel o)t AH A 4, olsht o
% auje) Wkl dsle AR ME *d%}l
A A7) A gy ooz e o) g
2ol sgels Az ME Al 2ol F )
A3 Ajolzhell SRR A% $1e] e
s FAToRA g AT ARE YT

=

3.9 7w

=2

O

En&

d

=]

§2S

A

T

32

| $— 6 = p; ¢

3, ol Aedsle A2 M2 A (16)

|/<7>u—¢,-l >y -

3, o e A ME #H7] )

#1< l&u_

[o3}

ofuf ]
Agws F7leHA
el 7] A

A

“

el

)
o
2
a
=
do
ﬂ .
o
o
_::’1




74 AeFiiaA da e A daelged B AT A

[§, Cor Na-wigatin E:g.ssterr -~ Stap Playing

B B H B s o o - PR
O UTM E: 356062500 N : 41802167500 - Mouse Postion

Offset E: 1210 N: 1770 E ;3258701773 N : 41602149358

¥ UTHM Convert o5

(a)

B, Car Navigation System - Ste

s P 5 |

Gonnect flecord Play  QOption  Kalman Filtering  Map Matching  Help  Exit

TE YR YR - T o e 8 e B u BR - — e -
O uTM E: 3256449608 N 41601307500 -~ Mouse Postion - : (O UTM E: 256402812 N : 41801262500 ~Mouse Postion
Offset E: [210 N: i —  E: 320762161 N : 4160063 6855 Offset €[50 M [770 E - 326028 360 N : 4160128 9875

=S¥z AW E: Eating

=ara] SE¥We AN E: Eastng
2 w=we N : Nothing W UTH Convert 81 = b

i e S G N Korthing UM Convert £

(b) (c)

a8 5. HA FY Ay A7
(a) GPS F4l7|qtd] ofgt xpake) =84 4]
by Azuld dneF(@Ag7e et w3zt J8)d o Ao FHAH
(c) AEmd daeiF(ER FE HF8)o g 2kl FHAH
Fig. 5. Simulation results of straight road travelling.
(a) Travelling trace of vehicle by GPS receiver.
(b) Travelling trace of vehicle by map-matching algorithm(using shortest distance and heading)
(¢c) Travelling trace of vehicle by map-matching algorithm(with Kalman fiiter)

(164)



2000 38 ETIBEH

3§ Awr} ARR ol WA B B TR
Sagoss ASHoR Adde) ARTE Aviuz,

Azr} WA FAF A2 ohfeln BRe] AL
Agelt sl AgE Gt Anel W 2
< gelel o8] 249 SlAls) Wt
19) A=y drelEel g T AR

o}

°r£':

=

5

i
D

AlS }%{

V.

I8

210

Ho

.E_

A8-E Trimblerte] 6-Ad GPS A7 1E AHSsl 2
W, ZHo] 1:50000]x UTM #Fzteg Folgl= ]
A R E ARl it & =] Ha9
Atz 1721700 22 gele Zaluale] Cr+ WD
10& ARgsidch A F7RE <igtRee] — o
PHEaEdty 4 - BEE — T EARA O -
Foish ueiiel F5H9) o — glkREl]¢]

B

[t}

o

o
g

3
B i

Q

I8 Saks GPS FA7IaHE o] 83 xEke] Fa4)
Ag Jehgla, a9 Shi 23 5@} FEARE
A ele} waktks Agsle] A=A daelEE
Fegh Adfolry. aReA & 5 %ol GPS wlolE
7b FEe] =2l o] Wolvke Aol 71wl

Ay duelEe Be4 ARE A2 AU
oF 4 glck wehd B ATl A Amehy b

&g 223 43 38 5(c)el wnelniel o] £
2 FAele] A viAlE|w gle-g oF 4 gleh olef
7ol =7 Fae] A ke
217) ol mAfRolr FEAR ]
sheia & 4= lck

a3 69 27 7 AEke] Y ke wPrE
Aokt A=) dwe]ge] e Ag vepdch o
F 68 vl EFES GPS HelelE xHolx gl
=2 92 viAle] & H3 9JL-e Rolw 9k g
a7 539 A9E Avnd dFdy F 2 Ao 7
o] % e WY ETebw B F Qe Pelx 2
35 AR FEhe As B 5 drk o7l mAlE
ol =l A7k ARpEaL lebt oA Febg AAE)
T ASele AR XellA GPS dHlelelrt wi B
Ao 7 e 73] glo] ApEke) A whakzt
JHol 2s AR HAo] Aushe Heat xelA|

A

G

=]
2

N

7}
L

4
[iT0)

(165)

%314 SPE F2H

htfal Mavigation Systern - Stop Playing

=i £3 1)

Connect Record Play Option  Kaiman Filtering  Map Matching Help Exit

E wg e

(7) UTM E: 3254504062 N : 41607857500 . Mouse Posiion
Offset E : [210 N: [770 E : 3258445607 N : 41601734381

=y ss@n WA E: Essling
d g N - Mothrg

¥ UTH Conver 214

BT .
() UTM E: 2253828125 N: 4160777.2500  Mouse Position

Oftset E: {210 N[0 £ 3255435463 N - 41509208933
e =EWZ SN B Lating
]l wsasz N : Northing [ UTM Convest 218
(b)
a2l 6. B FE Ad A3
(@) GPS FAl71el o3k 2pgke) a7

(b) A A&=rhy darels

o ol@ Azl

S99
Fig. 6. Simulation result (Ist case) of crossroad
travelling.
(a) Travelling trace of vehicle by GPS
receiver.

(b) Travelling trace of vehicle by map-
matching algorithm.



1

(0 Ao

H70

. Car Navigation System ~ Stop Playing .
Connect Record Play Qption  Kafmanp Filtering  Msp Matching  Help  Exit

Aol Ao Axr)A el

ECR:A-R-E

(O uTM E: 254616250 N : 41605622500 ¢ Mouse Poaiiory e () uTM E: 2BI657188 N : 4505925000 ~Mouse Postion - o
Olfset E: lzm N: |77u i E : 325716 4835 N - 4160065.7575 | Difset E: [210 N {770 € 03253261332 N - #16029.7482
e =S8 AN E: Easting EWe % E: Castng :
=] ecws N : Nosthing = UTH Convert 183 -5 3 N Nathing ¥ LiTH Convest 5

(a) (a)

l;‘Car Navigation System - Stop Playing
Gonnect Record Play  Qption Kalman Fillerng  Msp Matching  Help  Exit

3]
noyol

—

B Car Navigation Systern -

Stop Playing

| .
Hi - * o
ECE T | ECRCRTY \
(O UTM E: 3284543438 N: 41605792500 Mouse Postion——— s (O uTM E: 361905312 M: 41608827500 “Mouse Posiion -
Oifset E: I3 N:[770 E : 3257187109 N : 4160492 6762 i Oifset E: [210 N:[f70 | E: 3253508265 N : 4161631 778D
3 ==¥W3s AH E: Easting eEWE AW E: Eawng
_ =) ==ws  N:Nowing P UTMComet l’E'hJ d mmdz W Noting P UG 18
(b) (b)
a7 2AE F AY 249 2 a3 8. AAERFYe it HFEF
(@) GPS 41719 olgh 25k} FHhHA A (a) GPS 47|l ogt zeko] a4
(b) At Aufy Fme]Fel g 2k (b) A3 A w=u)x orma] =l o xjeke)
FHAA A
Fig. 7. Simulation result (2st case) of crossroad Fig. 8. Simulation result of whole road travelling.
travelling. (a) Travelling trace of vehicle by GPS
(a) Travelling trace of vehicle by GPS receiver.
receiver. (b) Travelling trace of vehicle by map-

(b) Travelling trace of vehicle by map-
matching algorithm.

(166)

matching algorithm.



200044 38 EFIZEw

g8 8 AFE T2ol A FAAe Jehlm
otk 23 8@t GPS FA7|of4 2L & )
B Azl bl Aoz, ol Al FaMe =
ZE glovl: FAAE A HolgEr) 53] wAE
e FAELE Hodeb} oh] Sehot Fa)
A& Holx gtk a3 by - =FollA] AjedE A
EujA) dwelES H43 AFE Relx 9lrh &
7] ASeIAE 7R A=l kel
slo) #zy Ajeke) ¢lx)e) ARE AAIQm 1 )%
ol A Azl Pl el AAF o185l
Ae] $AE EASA. wepd mAEs} <As7]
AAAE BIRENE o gsle] Ael 912G Al
7, A} oazmﬂa szl 9] ARG Aepe 9]
2|} Hzol wlEkhe olfsle] et & oA A
=25 A-83le] a8 8(b)e} 7o)

& % g % gk
o7 7R FYPTTE 03] Az H
 TAR 9N 2EE A=E 24

o) vepisteh

L

=17

ES
3

5 ol

LA
AL

HE

[\V]

2. mAZN BLR AZE YD A4
Table 2. Number of mismatching in the crossload.

0 1 2

S x] S og;p_a]

&& Ak
s

2l

A} PSelq SAE 27
slol E2 918 74
- Ao 23 FIA
299 %+ Ydw, =% A
Zolr] SHLE 91N AHRL Bch
TR keEr B HARE =AY FeAedle wat
2ol AR FAAE AYS)} oJeisme 2
wHEE Rl o8l F4% AXge A¥sH A

=
2 =

o

¥

=+
T

(167}

#£31%& SPiR B2 7

ko] A A wEkzhe Axsle] wakzel] A4

7t xRelo] whepzhs ulwgo 2y LnlE H2E 2
Aol 2 2 AR Aol wd Aol 285

99k, 79 BE wAkRelA HlE ARE AHTS
io:h;}_

B E=rellA Ak daelEe 9l
o 7S A delss wAg g o
W, gl H27} opd sxEeldE viS-
ez Ay
od4kA|zke] wWol A4 QxR oo} AA)zle] w)
23 8TEE xjekpiAlz]
gk wleh B ATe
A AgHelw A=
off 714% Zojck

=z 3

Tz
AAbst
@ @

o]-g3te] Allslr] wiitel Aik
+ %
ol &4A 788
doR HAAHR dwelE
IS e e |

E.E

=y
0.
=

o

7
=)
T

d

AR

Z

1}:1_.

ook R

:-L

3T
A
T

o3

L
L

X

3

D
rot

Mo

a

{11 A. Leich, GPS Satellite Surveying, John
Wiley & Sons, Inc., 1995.

E. D. Kaplan, Understanding GPS Principles
and Application, Artech House, Inc., 1996.
R. Conley, “An Overview of the GPS
Standard Positioning Service Signal Specifica-

[2]
[3]
tion,” Proceedings of the 7th International
Technical Meeting of The Satellite Division
of the Institute of Navigation, pp. 179-188,
Sep. 20-23, 1994.
R. L. French,
Where is it going?,” Navigation, IEEE Press,
pp. 101-107, 1990.
K. Ishikawa and M. Ogawa, “Map Navagation

(4]

“Automobile Navigation:

[5]

Software of the Electro Multivision of the
'91 Tokyo Soarer,”

Information Systems Conference Proceedings,

Vehicle Navagation &

IEEE Vehicular Technology Society, pp.
463-473, Oct. 1991.

C. Vicek, “GPS/Dead Reckoning for Vehicle
Tracking in the ‘Urban Canyon’ Environment,”

[6]

Vehicle Navagation & Information Systems
Conference Proceedings, IEEE Vehicular
Technology Society, pp. A34-A41, Oct. 1991,
(7] R. G. Brown, and P. Y. C. Hwang,



78 Azl el o] A e daejZe B3 dF EkiE ot
Introduction to Random Signals and Science Press, 1991.
Applied Kalman filtering, 3rd Edition, John [10] ¥4 ALF “FIRZE]E ol&st ry[EmAe]
Wiley & Sons, Inc., 1997. 4" Ak o) dedd] =24, pp. 14
[8] o], " A =2A RS N 213 = 4~149, 1994
Eokd A7) b 888 95 A AZTAS, [11] K. S. Shanmugan, and A. M. Breipohl,
pp. 61~72, 1996 Random Signals Detection, Estimation and
(9] Richard A. Haddad and Thomas W. Data Analysis, John Wiley & Sons, Inc.,
Parsons, Digital Signal Processing Theory, 1988,
Applications, and Hardware, Computer
x X & 7H

£ %k B®OEEE)

197248 17 1084 19964 28 =
el T L e R e
FHAD. 19984F 27 wIdjska ojs}
4 AAZIIHEEAAD. FIAE
ol YRA| fAdukE, oiAE oAb
AlzAe] 59,

F & BOEGR)

19765 2R sAAdsta Axkgsst
EQ(ZIHD. 1814 28 FAs
2 oEr] AxgEls) Ed(3ErA
AD. 19994 28 =mlciala il
AAbgstat wpaby R 19814
3A~¥A AAEWet A =
% FEARole AATEA 9 )
A& AsAe 59

(163)

Ak HOESE)
19694F 118 1484 19954 28 =
et gablet ARREHE

- D). 19974 28 Falcfeh ofat

o AAEEHEEAAD. 19974 3

A~dx swidsta Aixpgeta
bl Sl Reks tAE A
wAl2) 29

= & F(EFE)

195748 128 17H4 19804F 28 Al
e AR EEAD,
1988¢ 8F The Pennsylvania
State University AARgsls} A}
el A% 19904 129 The

Pennsylvania State University A

AzEta) whalehg] HE 19904F 3H~10854 129 =

vijal A4 A 19984 28 ~1999d 29 UC,
San Diego 734 1914F 38 ~&A AxlZahi 3

e

FIARoks tAE4lsAe], CDMASAINA]

fo)
o] 2 24 59



