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A Study on All—IP Bus Information System
Based on LTE

Gyu—Nam Hyun

Department of Telecommunication Engineering
Graduate School of Industry

Jeju National University

Supervised by Professor Heung—Soo Kim

Abstract

In this thesis, the bus information system(BIS) is suggested for
Jeju—do. This is ALL—IP BIS based on LTE, which is included a
information delivery system for passenger, a bus routes guide
system, and communication protocol in the system.

The information delivery system for passenger i1s designed to
offer bus courses, video of city news, and informations of
weather and disaster in real—time, this system is connected with
LTE modem through Wi—Fi. Also, when the communication 1is
disconnected with the bus information center, this devise is able

to find its location independently by using GPS, and to indicate



the position and to provide information of the next bus stop.
Route guide system is installed to the front as well as the back
and the side. It has LED display system and to be controlled by
the same signal. For this, it 1s composed to enable information
display command by using RS—232C. Also, operation information
of bus 1s managed at the center. The server system in the
center 1s designed for communication network expansion and
capacity addition, reflect allowance rate of 50%. Communication
between the center and the device on the field is bidirectional in
real—time, and automated management system 1s introduced and
designed to enable surveillance and control in real—time. The
network between the center and the bus stop information device
1s duplex, wired and mobile communication method, and the
communication method between the center and bus is of LTE.
The each devices in vehicle have Wi—Fi module, connect through
Wi—Fi. In this system, the public transportation information
exchange technology protocol are applied.

The system that it was proposed by this thesis would be able
to be used for bus information system in Jeju—do conveniently

from now on.
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Fig. 1. The area where BIS is managed and the area to be introduced



Table 1. The present states of BIS in domestic

iy
o Z
o |E || ||| T iy iy i SRR
P 22 XXREXIXzZ g 25X SggE X 2g e
% T AN IN|BEINININIE BITIsIEIREIANIR DTn a1 I~ % DTn DTn DTn
do |TlO|TF TP |TIO T 2T IS ST 2GR
o o | mh AMn o~ | ok | o- | oAk o o o = | o | ok
& @)
O
N NINININN N N N N N
PRLYEEL L L N N N _ N
N O e O B e e B e O B I I N R I B e e e I N I M N o
I I O e I I PN I s U I o O B -l - B B B - Bl B B B
R I I O o o e I B I e O B e B B e ol B R )
T w IR E|E | w w w w w
~3 o o |0 |0 |0 |0 o o o o o
~H
A
5 cullliod T T T T T
wmlelo|lT|T o T | wlT ol nlw M T |l wn|lT | unl nl nln|lTm ol vl n
oAl | A - A A A A R A A B = VN I W B Wi e A A A A
KTl v Olun|2 | n 0 00 R n OO0 n 0l ln G O OO
oF A A ol ol ol ol ol
OO O O O O O
|| B
e A R - A R o ol Rl R R i B S R G
AN R e e e B R I R e e L R e R R AR Bl Rl e
| o TR E D
X =
TR H RO B % No <4 1 < o 3 B R




3E 12 20099 7ol FRAAGY SANA S YEbd M ABEAAE 9 E
golth. WA RA g0 HolE FHAI LA X5 &1str] $lste] 483
7= 3l GPSE A4 <l vl (Beacon), <42 #8841 (Dedicated
Short Range Communication: DSRC) &°] = AFEEH 1 At} Holg 9 43
F71= oHIEZL HASAS et A5t =HE HolHE M RAHE
at7] 91 SAVeRE FAdlolE], DSRC, TRS, CDMA(Code Division

o

Multiple Access) ¢ T2 AF&E 3L Q)

T HEo] HASHFHRAAELE 1995d A Q] ITSAHAIG o2 55 R
o, HAY} &Y FAVATEAS o] &3 HFTaSHRAI LTS 3dA o A3
Ao ®m A Aol FHE &4 Tl Ak ol F WHFGA, AFA,
3l A=Al AbY & 71ES vk
of A, FRAY TALA, AW wEAF BAER HA MG EA2H

FAplo] il QUvh. Rk S AF] M AYuA 2T TE WAL S

Y
N
>,
o
}1.1_"
0,
=
offt
kd
i)
=
>,
Ry
1
S
>
s
o
ol

L

Sl WMAGREA LT AN ARSE = fA7]e2 A4 FHA GPSeE A d@dd
H[Z, DSRC 5ol 3tk "oy #=HdF7]= oHES} AF7|= dAsta o
dE delHe WMagdrAHz A7) 9 SAAA= A Y, REF-AF

A1, DSRC, TRS, CDMA 5<& & Ag3slal g}



1) GPSHHA

Ho] b4 9 ol Asla FEHEA(WGCS—84)E AH-&3tE Holl ZS9A R
A 9 Aggdo] et 2e]al 6709 Al 247] 9148 wix| sk AH] 2~
£ AestH, P02 HH Y Ase AR o] 73T 9k 10.23ME9] 1544 <}
1208081 2709 Wy} 3749 ==, YA HA A So] 2tk PRN(Pseudo Random
AFE=, PRE g3 YRE=OY C/AZE=E L1

Fupol Aev], PR 27)9 WEvtel] AR i YA ES PAESE FAL
g FERA PREE AT ¢ ok fAMAIAE 9149 fA e AHE "

Z,
@]
%
&
Ky
[
3
CJO
m T
Ky
I
rir
Q

: 9|3} £M17]9] Az
2 9l4o] 9|2 HE]
AFZA R 2417]2] 9|z|4E]

GPS Z9ARelE A5Fe AuE Agatsd AP AP A e

HA o) A% 2487 geM 1 ARG A G F 2he] Ar)sh 3 Aele] Mo



AA #H2 =T ATe WolA FA7 Y AAE AT
GPS $17d o= 5 H ZI7MA 8] ARls ™ 33 o] A FsEet FAlV|EE

AR,
LR 1= i

Fig. 3. Satellite signal checking method

GPS 591 8ak= 37HA = R d. Al exf, 9749 w3l wa 7]skshy
b agla e o] &4 (Selective Availability)ell gk Q. xfo
A Zdol oJehd GPS 59 xk= HHolA 953 A E
oA 227k 1007 ) 21 ak= 100m 2dRMSE WA &% gl FA]
Ho dnt. AgH o] &l o3 eat= e ol &t ¥ F A= fslou
GIS(Geographic Information System) Ho|E 2] FHS5o|u FEoAet o] 4
AE el A o= Hejnge] Alez AAS Taof = drolle &
obd HUISHE AAIEH. GPSAlA A= LdubE o= 207 B oA 1007 B o]t}
53] Astd e stelM = A4S fe o 8l JIedA okl FAR TET

o] Q= A9 F EE 55 F9) 291 WEE Aol ERelAE vkt <o



2) A1

__imEl
— oo % o
< N T ST ) 1
QE%%W%E%M%%@ 5o
7t\Jl] ) T
R oo ul Al - GO R o
Hﬁ 1o % ‘E|E an = = oy CAN WooN e A Ho__h WI H g0 X o T T
qm@jws.m;gmww am;_wwﬂqg&rwm%
o o <O X o o or o m AR ™ N H o< oo X o~ o o) RT O 4
Mxxmc1 = A4 ®M 5 .do]équLEve
wo o < o b f o — x X n < 5 XX = B g I
i e I = HlOHO o o op & M o < o T %o U
xﬂa%maw&oﬂqqmaﬂ@ Euf%wyogwgﬁ
T oF A WO ® ﬁgoﬂr. d v X oS
o do A I I ) oA — s X
ifijzwm}oimﬂif;j?
wom m B o lﬂﬂ% Lfmgtho}}
ﬁ%www%%%ﬂmgaA%ﬁuﬂﬁgﬂo&w%omw
% N HWX oW ny - do = R w ) Ho < m.*lo - W\W ol oo iy il | T
EQ.XMMQ @Eﬂu_wﬁr%éwqumﬂ%diﬁﬁﬂ
= 3 B Cow M e ™3 g oo - AL o W
L S 3 %ﬂrﬂﬂi z 4 S o o} aﬁm.]]ﬁ; o 0w
AL = oM o] > oW © r X w0 He < W ox 9 <=2 A A -
%M%QQ%OELAT@U_% ﬁﬂ_xpiﬂ@_ﬂa%ﬂ
Owﬂﬂﬂg@W%%&%ﬁ%%%ﬁ%%@@%%qq
= N K Te
Mm%l,%o@@%ﬁ%wﬂﬁwoﬁbgwﬁmﬂ%m%wﬂm
(Y —_— ~ © W = J J
ﬂmﬂaﬁﬂﬂ%mﬁﬂﬂ;wum%ﬂ%oﬂ%gE%o_narﬂ
gxmﬂ;aag&%ﬂzow%%Mﬁmg x6w g
ATMx%ﬂ%%%wb%wuﬁnﬂ%Wﬁﬁ%@Wﬂ%%%
%ufwtxoeleﬂllﬁﬂﬂnunﬂardﬂ@ﬁfé@ﬂ7M
zT =~ __o#JILdﬁ/,IE My B o~
L]i]ﬂdﬂzT_/ﬂalnnmﬂ&o]uodo ﬂlimﬂmﬂﬂ_x
) ol 1o FAR T ~X ~ oo X w _ - T & oF
JE.%m«%?%ﬂ1%%ﬂ«%x%ztngxVI
© L0 ° | Mz11qﬂ%%@ﬂ@g@qw5
o % o T % = = > - ~ X M
5 R TN W ooy w % o of v oz ® W K B o oF O
%WEMJQ@ammiwovnonmﬁﬁﬂmemﬂ%mw%ﬂ?Eﬁﬂ%
N v — .
MQMMM?%Ltixﬂwzéi1xﬁmo%ogﬂriommw
W @ﬂ@rurmﬂﬂo7ﬁﬂ@@ﬁﬂﬂ&%ﬂﬁr%i
oéﬁﬁﬂ%xoln%%mzfiEm,@w Bk oE o
K T o o W N £ oo 1 ~ oF A
N o SR s, 1ﬁomﬂ N
7O O ° &
G1__/|1_,_A|OJ|O _ui
) m o

- 11 -



4o

g Auzgeow

Jolm, 1
AP9] $]

WHoltt o714 AP

o} A

1
s

HAl ok, Zpkoll A

o
<
-

]

o
=

e

ks

Z

1
s

FegEell A
Fol 2Rl o] 914]

J|

il

°ol-&

KeX
=

il

B A B A

Fig. 4. Location beacon system

<)

3) oAE AEF

T TE A

KeR
-

Br
o
{

o] A H]
o] X% 7]A=(Road Side Equipment: RSE)¥} Au]A~d 9L x|}

2=

](On Board Equipment: OBE) %Fol] 114:9] to]E %4l A]

ot} (i, 2005)

kX



ar

X
3

+7} 5.80k DSRC] A A4S

B

=3 ITS AH

B

g

ITS AE A<

1
s

stlon, 7EREdolA

SEEEE

Fig. 5. Dedicated short range communication

5.80 o

e 2 dko]Z(Half Duplex) EAlo] o] Fo]X]

A s rrolof &

Fohe

bo Fste A}

013

HA 7 =

=
=

Joll A 7]

)

1o

A=l v



el Aol g 5

[e)

=

- 14 -

ol oje}

,mﬁ T oW o~
O S
%ro gyl __o, E I,U_ll o o Bo % B
o) — X o T Ho X9
G ~ A W ~ X =%
o X i E " o 1M of W T
T Y oRE DR g
TRezE X T 2 s
=~ mr of B oy mm __1& < o N | 8| E =1 AHU
= g B & X < E ym & ™ 2B S|E B g2 E =
T E S on B D w222 % 273
it i Lo Ot B o 1:0 — o =
EMAAT@_M%%%Q%m -
B = o) o &; T X X B A N i ke
o T A TR S 27
= F T 5 = W R OE Z T T
W - N A]M — ° o) A X =5
2B o Z T % opoow oy 9 N
R Iy S o < of I o
X ~ o= ¥ o E® er o m il o ®
ay AR oRw o0 T o o o < v | O
N ) o T = I % | % | &
éaucﬂﬂmomo@aﬁw%mﬂ ZENNS &£
VI - N T o~ T om oy 5 | A28 L2 =
i i T < w5 o B n x| © = A |« S | Q
= il Mo L T o w3 R do | w | Lo - = =
ﬂﬂ#.wzﬂﬂ%ﬂ g 2% 2|
o M,Mo ) WF ~N oo _.ﬂ ~ °of o ) o o | g
wmaﬁwmw%% D S 2% E
&%gﬂVﬂM@ﬂnﬂdon S s 5| °
— o o wm ° 2 an O i i iy < < |3
o —~ — o = a ZT =N © %
R S TRCI) ° T A T — s
o) ™o mu 0 Wo rJ 03 AL B s NI .M
i Wﬁ Hr MML © P Ho ‘Ul = M_I o ,Dr — Nm 5
ﬂr%ﬂoh%mo?%%}&ﬁu% S = | = _
oo m XOE x PR = | S w30 M
i Ty oo on o j | ! 2o | i
- W < oo R Hom g o) o mE | e |
o T I S TN < TIRE B o
T o od oS T = )
u =




Aolt), wheha AlzH o

[e)
=

ot} EAIH9 QoS(Quality of Service)7} %

N
To

=
e
i

e

of o] wel Au)ze] AUA G

=

.

g A7}

1

s

ok ol g gkl

el

el

ZE el

hEs

ghoh =3 g A

A7 oF

=0
o=

bl

i

E

AAA EA g, 1l

1

s

5

°©

4

ot} &8 A2 7} Bo] el

s A=A 2~8l (Electronic Toll Collection: ETC)¥}

A

Q==
a1

B

=
[}

R8s

@t} ol

2 LR

F

A2 7F s ofok

ox

B!

just

N

Hr

-

ol g7ke] A

o] WEAR AFTORE EFA
ol gas Fust & b A
]_

Cashless3}= =3t

o

=K

olo

o
v

oL
T

Ao gn,

1

H,

Table 3. ITS service using DSRC

8] 2~

WE | e

2H LS 4965 o]t} 7]E T+

N

AYA

Fet

Z_1

g 3

A

W 71X =k 8577 Ao ek

)
S



ot #3580t ool A o

TDMA/TDD(Time Division

12

PPN
FTTA

dlelH

13t

)

XO

i
o

)

A

]_

=W 7 A =2

Multiple Access/Time Division Duplex)

l
il

=

X

=3

M

,.EO

Ho

3

A Adek.(F, 2008)

4) Fdd ey

o

il

Hol Mu| 25 A-Fsta
Aorsl B EZglAle] RDLAP(Radio Data Link

=
=

oA MIEYAZE T

1<

A

=]
5

'
dlelH

L=Ne]
o

TR

Access Procedure)

ola AFET}F FE& MH|AE A

Ho

Table 4. Features of wireless data networks

ojo
&

fAl _ZT!

o -

HO >
o S R R
T
< _dﬂ N _i iy
do | BE N m HAH oF | =
FE o | m m_ﬁ EL .
™ | o4
s X nm | - | ®r
W7 S|P | =
E =0 | X° S| X X0
X [ 1_,_A|O =) 1_.E
= A S| M| R
N ,_ﬂﬁ ,UFL

~ = —_ T FL
| K T M| e
T N | o7 A=
s o |~ po m 7
I N | R S
W T K| TS
= H|n- N~ || A
(@) (@) (@) (@) (@) (@)
o 2R
X KO ) —
E:: Murn_ ‘_ﬂﬂ Hl N




gk 1996)

Fof 7WEE A ek (o] <F

°©

-

o
v

Ao}

-

SENAAY BAG B
o] gol@ & o] glo] A2y

A=l o

v o=
K3
=

R

s

Sk

oA T

3}
=]

of A%

=
=

PR T

J|

_,AO
o

~
UO
O

&t

S}
=]
9]

o

Vs
5t

°©

3}
k=]

=

-

o

A2, A9 A|

o] 7}

3}
=]

o

dolge] &-8A27t 7

o] 7}

gLov] vleh g Aulz
g
Al

[e)
73

fo] UHFtf 2] A}

EIR=E

=i}
=

7hg) glol
A

o

3}
=]

o

AlsstellRt A

7} 7F

=
()

=

o Al

FE T7HAI71aL A
Table 5. Features of TRS

5) TRS

Th

—_
fife)



Zol StEA TRSA M 25 7143 & Au)2 W] 202 2rEolA 502 20 g
FojAsht QR T w Hol 27 FAu7} At

TRSWAE ol§ F3h50} 4479 ol o] we} 72E 1 glon, oy
N3} e o TRAG. Y TRSe] 54 A thse] 1§ 2 A
Aot TRSO 742 o9 7He] o= FAEY, 4 252 S
HEE FARR 545 7R AR AR G AR A EY. o9 Eo] ARgAtE
S OaFAY] AAHE FAYL S FEor o] gstorq AlxE W Fulo] g8
S FogtAIIth TRSS F8 542 % 59 2rh(F, 2004)

Fo gAEA o= F9/iE 259 TETRA(Terrestrial Trunked Radio),
B APCO25(Association of Public Safety of Communications Officials)
a8l REZ2H] #59 iDEN(Integrated Dispatch Enhanced Network) 5 ©]
o},

%2,

(1) TETRAH®

4 EF3}7]7< ETSI(European Telecommunication Standards Institute)
= 1990t =] EP TETRA(ETSI Project TETRA)E= WA o2 X +3E 7
3l th. ETSIC] TETRA ¥+ PMR(Private Mobile Radio) % PAMR(Public
Access Mobile Radio)elgt &2+ dEtobe] A S 98 tJAd TRSol| #

gt Frolt. st 1 542 AlEsE o] = PMR Alds @dsteta, 9

o] T S A= AFAF A9 Do o] dF
AREAFE Y] AA et vl Y @ FANS FHAE T e 2Ee gYst
= 3

T et Ag- A 4329 ARAEAHAA TETRA 1149 tAd TRSHY =
TFste] 9 Folw, I AUIAEZH = TETRA 149 HAEEAow
Agksto] g FxskaL vk Aol e F7kakd o] AT dEA e V=r]E
o2 TETRAWA S HAd TRSZ #Aste] FASAES F5ekaL vk,
2006) ¥¥F FoEE AR 1EdE AFH ARG 2 Asjet Ak AdE

A

TR FEHE] glow, Adnt VAR E X225, AT ETY, TR Sl A



f

3|

=

[e)

=

=

JJo]t}. APCO Project25

A

9]

(2) APCO—25%2]

W o W ™ X9 W T e F T M N W X
K o W W gy 9 = o Wy o R Fo B <
— —_— ==
[y o \w/ _A,uﬂ oy o T o) ﬁp@ w o 5T _HM 11 SCI
To- Arm o) N ol ) ‘hlo fit = I m ) Jor
= —_ 0 e
wiiT B R Ly TEPIEDT
¥ Z2E R - S S
) 2 o = X — o N T
N =2 g "% T T ° T % F B oy W
O - -
o §E o T B om o _ s Moy E X T~ om oA
et = 0 = [yl O# — O# o oy
B S B g ™ ol 3 Z o Y, =
o = (L\ B0 = T o o s =T B3 - ol i =~ Jo
FAEETT R SR T IS
mos 2 WO WM T X ou oo X N
g = o P L o) = < DTn o . o of LN
w S ow o M A S - -
N mv; e ﬁl g = 0 T RO S T \AT)
| D) [N X ZT._ — . EO o ‘L§| a A Ot N v ()
ET T MR T o P S I -
S = T o < R Jp e S
€ = S T W N+ o 2o BT " o oo e 3
< Z 2z ® I A T o P Lo o Tk
~ A g0 — Mo T b = WX 8T = T de BT
= . XN o o) (o oy
S ﬂrﬂqor%ﬂ% i TR %%ﬂw 4%%
S :.L — ) — )AO Xo panll _I wn
Q Ry W M~ o =y X oy
,gz%g%w% WE m N R T oz R o
o W ~x ©° 2= OIS T i m — - o
e I L, S e I T = B
Yy | W "= o A AT - o =) o
—_ 0 o ,mﬁ o) = No N B X° = iy ol ¢
O fo T + 7 = - =)
5 © 5 M I Fo ST T BB T 4
"o N EO "o ﬁ_l P ;O —— — ﬁAL
WX = 3 =~ b %o LS K o= T K] o
o T WD T = M e e = © 0w = wox % =
oo B omm E M = D2 o -
0y X0 oD * =)
L N Z T oo i do — T
e e X omk MM 2o o 9F ® oM 2 T
s 2 < X m oy 2 oA o g A by
2 2o N o 4~ o WD W oopopr N d oo T
R R Y Z o T NE oW RVONR B fe

FEAAYG o] 77

1

s

dris AR 7PER A 24

Zivtete] 749 300MEth
800MEz+= o] A7+A o] 45ME=A

s}

=
T

[e)
T

yl
o

T



Table 6. TRS frequency bands and channel spacing

=7} | Ty T3k~ (Miz) Qa4 o) o =
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Eie=n 56Miz
800MH 806~821/854~866 45\
700MHz 762~776/794~808 32MHz
n] = 6 4MH
800MH 806~824/851~869 45z
300MH 380~390/390~400 10M
400Mz 410~420/420~430 10M
4 7 M
400Mz 450~460/460~470 10MH
800MH 870~876/915~921 45\
800MH 834~838/889~893 55Miz
800MH 850~860/905~915 55Miz
SRS 7 OMILz
1.50H 1453~1465/1501~1513 48
1.50H 1468~1477/1516~1525 48\
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Table 7. Hardware status of BIS center
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Table 9. Information and periodic of BIS
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