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SUMMARY

A Study on a Location-Based Service

for Mobile Systems

Jin-Suke, Kang
Department of Informaticn Engineering
Fraduate School of Chejw National Unlversity

Recent developments in wireless computing and GPS technology have resulted
in the need and active development in application systems of location information
in real-time environments, such as transportation vehicle management, air-traffic
control and location-based system. Especially, studies regarding location tracking
systems, which monitor a vehicle position in a control center, have been studied
as applications with potential wide-use. A management system for moving objects
manages spatiotemporal data, which change their location over time such as
people, animals, and cars. These management systems can be applied to
vehicle-location tracking, location—-based services, and so on. The existing
management systems only manage past or future locations of the moving objects
in a separate fashion. Also, the current location tracking systems cannot provide
position information that is not stored in a database at a specific time to users.
On the side of memory and processing, satellite image processing systems that
are previously created have poorly functioned with RDBMS and GIS and have the
problem of restricted memory capabilities. Therefore, trials using the complete full
scene mode is not possible, and those attempts were replaced by a Sub Scene
mode.

However, the emergence of highly precise data leads to a high demand for



utilizing the full scene with a mosaic screen. According to the increased demand,
the suggests manipulating the memory and the capacity of the disk through a
saving procedure algorithm instead of saving in the middle of the result of the
image capture, and it supports visual programming for the convenience of the end

user.

In this thesis, GPS and the electronic mapping are used to realize such a
system by recognizing license plate numbers and identifying the location of
objects that move synchronously with simulated movement in the electronic map.
As well, throughout the study, a camera attached to a PDA, one of the mobile
devices, automatically recognizes and confirms acquired license plate numbers
from the front and back of each car. Using this mobile technique in a wireless
network, searches for specific plate numbers and information about the location of
the car are transmitted to a remote server. The use of the above GPS-based
system allows the measurement of topography and the effective acquisition of a
car location. The information is then transmitted to a central controlling center
and stored as text to be reproduced later in the form of diagrams. By getting
positional information through GPS and using image-processing with a PDA it is
possible to estimate the correct information of a car location and to transmit the
specific information of the car to a control center simultaneously, so that the
center will get information such as type of the car, possibility of the defects that
a car might have, and possibly to offer help with those functions. Such
information can establish a mobile system that can recognize and accurately trace
the location of cars.

We designed a vehicle location tracking system that can track vehicle location
using a mobile interface such as a PDA. The proposed system consists of a
vehicle location retrieving server and a mobile interface. It provides not only the
moving vehicle current location but also the position in the past and project

future position as data which will not stored in a database for users.
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Table. 1 Cases of query for moving point
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Table. 32 ol 33 ol& FH] Aol& &7l A 2o Aeolnt.

Table. 3 Comparisons between moving point and moving region

ol A o) % o
A o Wt = ALEA} 2 H] 37 BEo o]E ozZo w3
_ “2 215‘ 9] 1 C,)tx_] 9—%__1 10~
_ “54—1]-]7]- _TLJ—L]_ 7]_;]_ 7]_77]__?4 OO - 8 O 0 ]
= . of BEF AN} mFe n
Z¥ =)o H;q ol t] el 712
7é]9’] Oﬂ “437 H]E ]/] ]E e o]/\]o”
- T S 7 %
Ho| A7 S 7% - “1900d ¥ 200093 71# <
B 59 WgEs BeoAe”
A9
] AA o] $1A] MA el 9% @ =} wof
Hkek gk

2) 91 dlolg = HHA
QUTI= GPSAIAE olF AAe] AF L AR olviet olF AAe A o
o 5 Azt 2 GBS vAA Gk o]F AAe X delHE ASY u)

fFold Ao e oF Aol 9NE Qv BAstE B WL H25 o]}

AR HolE 59 AR AYL o5 AAe] A Au WELo] How 94
5 2742 Heln, WEFe] 2w 93 A5 AL Zol: otk EE, BA 9
1 ARE Ve el 94 Anel WaE dEFozd IA IS aHe F

44 94 doly A% AL A A5 A BAL A4 Qe AAE

Sats wgolth oled A5 WPS HolEEE RE of% Ae] 57 40

_21_



]

10

o o5 AR 3

ook

SRS

WS

o]t}. (Good Chile, M. F. 1991)

=

Al
o ww YoM o §HTh Z At

=]

ol Aol Ho =, Abgl #ojo, A 2

4 g E B

I3

S

7]—0

]

D)
JO

S W
=

€

p==
[e)

3}

=

]

8l

S
A

ul

]

= 4Ae Fig 139 o] o]% 7

3

72l 719k §1A] HolH

ol

ilin

)

el

ilin
®r

)

3

TR

B

g

X

T+ ZAolt}. lower, upper bound S A

=
=

(threshold value)

3l

o]

= A

[e)

=

ub — At T

(Good Chile, M. F. 1991)

. threshold upper bound
. threshold lower bound

Ad > ub — At |
Ad <
ub
Ad : dt_dtfl(owl
At

Fol lower bound®} upper bound®] %k
Ib

ol# A¢ #oloj¥E I hounde #ol LA E o]

dgolojo] ohd o]% AAME 7px 2

01'6

=

o},

R8N
=

, dolojd® O 5485 9

<

=

] oF

S
bound

=]

o
~
]l
o
~

Fig. 13 Distance-based location data attainment
- 22 -



N

(3) L& 7I¥k $1#] dHolE g5 8

I5 71k 91A "ol g5 JAL ol AAVE 54 Aol 54 A He H
SHATHE L AYgE Hojd wi7hA e d5 ARF HAS 5944 TA FEE Eole
Wy ol

o] WL o] AA ] FHte]l $1A$ XE<S MBR(minimum bounding rectangle)
S THoRE Fto, FUtE 5% olF AAY 91X 7F MBRe| X3E=A < =4
£ #aste] A doly g5 14S A eth o714 MBRel 23 A erAnk, &
ek rog9o o]Fd sl E xFH = AR kFst7] flste] MBR 7 rate
(0 <r < D& FolA MBRe @7]E Fdigt
ol Wl FQ FvHEE HZ n Jle A gk MBR¥} MBR 37} rateSl r
ojth, mp AR Heolojd® I 5AS dotste] dgwHE 24 A48T 5 9
o Fig. 142 % 7|9k 914 "ol g5 WHS HoFE=th  (Good Chile, M. F.
1991)

Lo

o o ) o o o
o o
_ o o
& MBR
o o
MBR r y-n MBR r y-n
o o
o o
o o
08° o o 03° o o
oo © & oo © &P
o o o o e

MBR T m_ MBR  mn
o ’_/‘o(x,y) ijr—’/‘
2t

Xl

=]
T

MBR,,_ Contain (z,y) = false—At |

MBR,,_, @ A< N7 o] sA< tigs MBR

MBRr = MBR+ MBR*r,0 <r <1 : area 57} rate

Fig. 14 Group-based location data attainment

_23_



@ % w94 doly g5 44
2 70 914 dolE A5 AAE BA olF A AR(EF, S8)E o] &a

of g olF A AZshe itk AW of WWe we Aol mEch o

=

437 984 Fig. 15% 2ol 94 A5AAE A4 9 453 F BA P58
C

gsle] YA E oA|=3HA Dot (Good Chile, M. F. 1991)

Predict using vector
(velocity, direction)

‘k Predict

Fig. 15 Prediction-based location data attainment

5 #= dolg Ma2| Al 2H

11

W OSHE et

B oA AE 917 dolH % AAL o]gatd o% Adel §A HolHE A5

@ ¥ @astax & W ool dolHuels Axwoll GPSE ALY u LA
A A BARES delguels 0, uxe 2w, A4 2 P ZHelA Ay
B},

_24_



1) dlelgulo] = SwelA el A4

Pt = Ao 94 7Nk MuE|zel A THE TR A euA R Fad Y]lwo] HE
Pt = AlAE AREAH(S, olF AADe] A Frye] Z|Holth 53], olF AA
of gk 912 Jr= Alko]l S5 wel o Watke] WdistA T
& diolHE weldtr] A dHolEulolx AJxdle] &go] wt=Al HadsA d
TP dASHem oA ARVE WAE = olF AAlel thshe] dvlolEuHlo]a Al AHlS
A AA e A AR W3S dolEu| o]

2 el 23t o5 o] &F Ao % Aol Jheelof vt shA Rk v]Ee] 83
O~

9.
ofo
of
S
s
2
o
S,
e
AL
o
N
fo
)
2
fr
e
JH

| odelEfulo] = A =gE o]gate] o)F AAE A B #AT ¢ olF AA
ALAQ 91X Wa Auel e A7) 5Fe) we waste AAd Wi 4 A
BE Awsty] offrh aEa 91A dlolEE Azke] Wste] weh Fwshy] wiel

o]z Al&=El B GPSE AREsHlel= EAZE vk uhebA
datal 9% dlojE e Al

@ WAL wdar] Pl ol% A gl HolHuel s Axdol Bt

el

-
fi
9
lo
f
N
X,
fo
>.
=
o
Y
fo
B~
il
o
_E
ax
1 o
1:M

2) Qe S Ae] FAH

o AAE Aelay] A AT dolEHmols Axgle] us syomt



filo
T
&
N
i)

of

—_—

4

1l

Fig. 16014 543 A3z Fro udt 1S 533 49 R-Tree 7|0 Al
oo} &}7] wito| tlxA /O 357 Z7hE o

Qdejzgl wEE ofz W FH TR

3) A w HA S EAA
AElTI= GPS 2oke] 1A 71wk AqulzelM Fd A 24e oF Al A

AHolm olgjg 91X FR= GPSE FItel 2%

OBl 7} A4 2 wWAwECh durdowm olE Mo 9x ARE= ALY U we

T2 92 ARE FS537] e Aol HSFE 1w

ol HWETE ©

of HolHE v Alxd, @ deolguo] e At A AlAage] Adeol v

H NE BAG AA B

B oERAAE olF AA X ARE ol gstel 9A AW Au2E AFtu
@ w 7)ze] dolEulols Asgl W GPSE ASE W BAT 4 ot BAUL
golEule] s 27, Qdze 2w, A4 L A4 ZWoR o] Awugch o
olEwlo] ulo] s SRiclA el EALL ol AAT AL Sy

L

_26_



ol eald 914 dolEsl f5 wul dolguolzel EAaE 7Ee] 914 ol
H7b watslolol shiul 71E9 delHulels Axd 2 GISEE oF aRHow
W] offth aenE of% AAY 94 dHeldE A&sA Aes] AsM e
Uz e s dolguel A sg noks 7719 419 gelHule] s A

=]
=

a4 AE stax g a1 5L a3 2

[>
tlo
o

gae Ao By aRHolny B =FAAL U&T 2 548 A48

2

- Az 14T dolE A R A4S NAdFoEA 7 AAE
7 WE $RATE BA

- dolg HAZ W2 FF3e F719 FA dHolH Ax=d

- dolE 7t T WEZHd FFer] dEA g s ZEA 27 F2o] Tt

T 3 Z2A 27 o8 HolHuolxd HE JtE

- 39AY HaYEd o BAH 274A Y FFE AL

AN 2AEH L LAAAY $AEH AFA 2AEF 7% g =2
Az LA &

- ZRA2 AR FFFd TH AR IFE ol FAAG Al

- HolE A A HAYZE AFE + de AZ=9 FE AA

- HI=EY 48 FY Yy g EE 98 49 dd @9 a3 g
H A E oJHE A

- W2 de doHE #UdE Y JE=, Hdd de HHE

Lo
2
"

|
i

Al

aejar ol F3E 2 o AlEgtel Wi g A® = Rotree 2o ke W
9, dl4 g zeld HIss Wy, 183 Botree AE 2ol FHTEE Yo &

ASG Retree A8 zolA] G2 PWe o AA ol HE wEo] wA

Aol ldx A7k AAA Avke wAe o2 Qe AFA (DAl FL 7 MBR
< e AAEe] ARE AAE AAs] Y "3 /O S7F 2ASA "k

A el ATk A AP zel A Fahs BHS Az Ay Bl gAe] Lo

A

=)

=3}
-1 =

s

@ AE AR 5 QAW A el T Ao} s Ak 9o



o] A71E AAs717 o olF AAL] HT Aol AT G5 d4l =l
et SHER7 A TE EAlde] A

B-tree 19 2ollA Fitsls WS A FAo] ols Al FHE Gr7L ofd
ols AAL A 2HE wFL Q7] Wil AlE Wele] AdAE 23]
R-tree Qle=olA ggd 9ant HA £r7F =g dxde] vk agez
ol MAe] 912 ©vlolH 54& nkgdsti R-tree A9 AL 4] ddx AL
o] #AHS sl A3 HBR-treeE % &3tch.

mpA o 7 A% B AA S AL ols AA] fA dHeolHE oA

ol s AAES #1A HlolHE AFstcd= FH3 Aol B wiel ¥ w=ZolAMs

%o 914 dolgE avHow

_28_



b dlelH

ar

o

t}. PDA] A

1

9
pul

B T MW
o _

m = — T
5,8 FEE T4 EZpuTEL =
~ o = . [ B o® B = %
= = 1 %o = HoOR o X 0 ca
CCI X o T e E
T w & ) - WOk %W o %o
eI~ e ok = k2 Mmo W o 4w > = =
Ho Mo R N A Ty wowm o N ez
™ T Mg = o RO® g o
BT = o R G
N 2T pg® o ®ERZ X
< D W w8 e T ML o
g mwm « WSy i " o ™ < z
NPT B @ A XN _ oF OF T 5 o

. ‘OI 3 n — < o = ‘m_ﬂ ~
oy W = gy © o ) = o W W mo )
1%.0 40r _— . i n .A# 1rL ~ = 3 0 ——
°° ; I o8 AU <0 A [T M e o
T o o — 7 m 4 o T . T = T i B
> W o ° T U o) Wr 22|
L T T o W 4

s = T« - T o Th e % b ™
PR M g T o@ X 5 T 0% .
T, F ke =7 I
- wm ! T _ = % WNoo & % o
& B Mlo o N w_m n = ©° R ~ mrﬂ
TOm R g X = o R Ho A N
~ = ] i T oo <
o el oo Al Yo AR S 9
[T RS LA P m o =
z N " o = T B o om e X i
v T g W oR WP oy E 4w N =
UGN VI -0 o T wmo° N
L e w0 o " b

e I a2 % e Mo W o jal s Ho

T Mo ¥R YD , T T T o= M °
SR = B % e ®E Y i

N | o o - oo 2 om o © &
bt i T o M x 5 o@m ® K w0 ol
ol o P = o o} o N S

w ool T EBOL TR o g M z
T — ox # 3 o >A1_ -~ EO Of Cn
NS ®omy m - = - A o W el
ofy % i o ¥R T o = NS
5 NI _ R s EaET = T
) N 3 ]

o w P ouog : o TEE R TR T g F
woR o B W T . OO O S o

- o ™ W N5 B oW

_29_



of gt} e} ol %

7
=i

A7) ok 4

a

S
s

Al W7 mlgo] mlal

=]

A<l

o]

-
]

A el 9 A]

=

1Ho

TR

DS
)
K
ol

o
)

1o
e
B

o
o
%0
oj

5, Ao writ} o

T

j

B

Y

22|

it

™
BA

o

el ok ey wl ol

L

fu

bt

S

H}goz Adx7} 7

g Al A

o E
T =

ﬁo

—_
o

JJo

7h wa g

g gxo]7] wio] dHelyeo| #

9 yerd. ey ol% AAe 7

)

rH

R-treex= =9|

3

]

Tow ¢

°]

A

&5 =

JJo

Mo
o)

Gl

aig

ZIRte 2 AA 7]

=

=

]

TR

s

03
)

sl

719

F A

=
0
N

Ho

A A el o] Hlo]

N

el
ol
T

o

]

A

R
.

o -]
Table. 43 5

31 7]

o

_30_



Table 4 Merits and demerits of the method using hash indexing
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. 7/d¥ MBRS R-treeol| F7bgtth. Table. 62 34 oAl o5 A7}

g mo] dugEs HolEh
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Table. 6 Insertion algorithm for HBR-tree

Algorithm InsertData(p)

Input p @ array of points

Output The new HBR-tree that result after insertion of p
Begin

1. Calculate MBR(p)

2. Search R-tree to find predefined hash table.

w

. If previous hash table is found, call InsertIntoHash(p), else call
MakeNewHash(p)

e = MBR of p

cn = root

If cn is leaf stop.

From all entries in cn, choose the one e with smallest room.

cn= e.ptr, go to 6.

© ® N O

Insert e into cn. Call SplitAndAdjust (cn).

SplitAndAdjust(cn)

1. If cn is overfull, call Split(cn) to produce cnl and cn2, replace cn’s old
entry in its parent by el = Union(cnl), e2 = Union(cn2), «call
SplitAndAdjust on cn’s parent.

2. Otherwise, if e = Union(cn) is different from cn’s old entry in its parent,
replace the old entry with e, call SplitAndAdjust on cn’s parent.

End

HBR-treel A o]& AAE A7 943 daugla FEFE Azt Eg

obel Wgom st Aol G AAE T weel A4FE da Ut
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e}
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o

Ao #3 +=A % 442 Table. 79 &t

Table. 7 Search algorithm for HBR-tree

Algorithm SearchData(W)

Input W : search window(MBR)

Output All object overlapping W

Begin

1. Start at the root

2. If current node is non-leaf, for each entry <MBR, ptr>,
if Consistent(MBR, W), search subtree identified by ptr

3. If current node is leaf, for each entry <E, hid>, if E overlaps W, hid
identifies a pointer of hash table MBR that overlaps W.

4. Find all objects in hash table.

End

HBR-treecl| 4 o] & AAES 2fAlsty] 9@ daelsS FERE AZeir =99

B ggo gasty Ao Goat AL B weo] AGGSe el Bt
4 wEse FER g ANHoR st HPe ASHTh o AAd U@

A 8 =4 2 42 Table. 89 #tt.

Table. 8 Delete algorithm for HBR-tree

Algorithm DeleteData(T, e)

Input T : HBR-tree rooted at node T, e : Index entry(id, hRect)
Output The new HBR-tree that results after the deletion of e
Begin

1. Using the search procedure, find a leaf cn where entry e is located

_43_
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Table. 8 Delete algorithm for HBR-tree (A<)

2. Remove e from cn. Call SplitAndAdjust(cn).
SplitAndAdjust(cn)

1. If cn is underfull, deallocate the node cn remove cn's entry its parent,
call SplitAndAdjust on cn's parent, and reinsert all cn’s entries of merge
them into some other node

2. Otherwise, if e = Union(cn) is different from cn’s old entry in its parent,
replace the old entry with e, call SplitAndAdjust on cn’s parent.

End
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Pointers to Hash table
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Fig. 28 Past location data index using HBR-tree
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Table. 9 binDB class justice

typedef enum {BD_POINT, BD_MULTILINE, BD_POLYGON} gistype;
class binDB
{

private:
FILE *fp;
int total_size;
char f_name[128];

gistype  f_type;
protected:
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Table. 9 binDB class justice (A4)

public:
_fastcall binDB(const char *filename, gistype type);
void_fastcall AddData(int count, int layer, db_point *pt);
void_fastcall ReadAll();
void_fastcall WriteCount();
_fastcall“binDB();
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1. NMEAR 0183 Protocol 2F GRAlglobal positicning syetem fix data) E&E

1) NMEA 0183 Protocol

AE 7AAE o] TAE A% A71F dEFolx B oHelH ZREZO Adl
NMEA 0183 ZZEZ2 19839 % National Marine Electronic Association®l <] 3}
A, & GPSY DGPS 55 E o]~
7] 93 FF ZrEZw 7hdsln oldlsly] 4$ ASCI dHE FAEo th
o2 o]&dl FAVIAA EHH = dHelHrt Eue WE HAgs ARA i PCE

AEstel GPS #d BRE 78 4 Avh Table 102 RS-232¢] th3k NMEAS] A

Aold QEFH o]~ ZREFo|t} o=

ot

Table. 10 Establishment of NMEA on RS-232

Baud Rate 4800
Data Bits 8 (Bit 7 set to 0)
Stop Bits 170 2
Parity None
Handshake None
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PEPEEA141115.999, 3720 0308, 1, L 2655, 2369, E,1,06,1.7.68.9,M,.,, 0000« 3JE
FOPGEA AR LS 0] 3G T T3, B

PEFFMC. 141113, 958 4 3730 0008 K, 1 2655 2360 E.19. 77, 195.25.1 01200, . =3C
BabraA 1411 14,999, 37 30 UG N 260, 2351 B LU0, 1.2.58. 8. M, J00d = 30
FOPGEA AT OLE24 0413, 23121 89-3E

FOFFMC. 1411140 B A 3730 0264 H 12655 2351 E1S 5120212101200, -3
FOPGGEA 1411159993730 0831 N1 BG5S, 2345, E. 1.07, 1 &.98. 7. M....000Q 37
PEPGEEA AG0E07.00.20,24.04.13,.....8.3,1.2.1.8+3E

S e A R R e TR 0 L om0 B e DR B - i e R [
BEPEEV 2. 2.0T7.01,23,101,47,13,20,1 31,32, 24, 19,268, 40+ 49

FOFFMC. 141115 O A, 37300231 HOEB55 2245 B 12 141 84,75, 1 01200, =33
FOPFEA 1411 16,999,372 0210 M. 1 2655 230, E. 107, 1.8, 08 5., 0000-37
PEPEEAAS0E07.01.20,24.04.13,....,.2.3,1.2.1.8+ZE

FOFFMC. 141116, 99 A AT 0E 10N, 1865 5 2330.E.8,01, 194,635, 101200, . +JF
PEPEEA 141117998 3730 01 93 N L2655, 2350, E,1,06.1.5.88 2. M, ., 000033
POPGEA AZOZ 0TS0, 2 520430

FOPFMC. 141117, B A T30 0190 H, 12655 3320.E.4. 20, 192,91, 101300, . ~(F

Fig. 29 -NMEA sentence

ol e A&7t 7t FHuitk 12 A Fx vich IUY GrE FHZ AL Eo
ook W SIEE AR $F e AURES W WA, 7 (comma)7h P AR
AgE
- BE &R AWAR Y2t
~GP : talker ID, GPSel A= 7] GPZ Ag3t} 714 Raderdl A RA7F Agd

-GGA : &4 ID, GGA= Global Positioning System Fix Data®] ¢Fz}olt}. £9] o
B HTo] og7hA]l o] Slar o] uwke} wjAlA] f&Eo] debih
-141113.999,3730.0308,N,12655.2369,E,1,06,1.7,98.9,M,,,,0000 : GGAo°l 39 =+
W&o =M Commart o2 7H A5+ FA dolof & FHdd A W&ol gle
7d-Folth.

-*3E : checksum, "*" F°l 16304 F #Agj= FAZH. "$", "*"E ALt 1 A
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o A= ZF TAE Exclusive-ORE ok 3tS ¥ Akt o] gho] A &A &2 H
5 Al BAZF A Aol 1 Lined AHESW ¢t

~CR-LF : ®l npxufo] 2=tk 7 #4& 824 744 7hs s,

2) GGA - $9x % H¥.(global positioning system fix data)
2 =l A GPS Al A EHet= o] NMEA 0183 %3 oA @Al olF &
=

Aol A R A9 #Ax, 1EE Awsts GGA EARbe HEsta, HEd
GGA & FoA f1A FHo dad AEtE A HEste H8S st A

&3 S Fdgth Fig. 305 GGA 49 s HES HoFth

GGA — Global Positioning System Fix Data

1 2 3 4 5678 91011121314 15
I Lt

$-—GGA.hhmmss.ss, IHL1L,a,yyyyy.vy,a,%, %%, XXX X, M;x:X,M,x.x,xxxx*hh [CR] [LF]

Fig. 30 Parameters of GGA sentence

B Ao = GPGGA, GPRMC, GPGSA, GPGSVe Y &Eo] Al&% 0= GPS
FAZIAA EA R AFET F o a7 A9E 9 B 2% 9 o
o} 2HAIE T2 AR AY & A Ho Aok gEo] AlxANEe] 7 B
S UEE AR Jdud 1 ASESPE AlFeh B de] A aFeaE v 74
T4 AR e GPS Viewerg 1@zl gtk WA, GGA #3845 A9 R

2

GPGGA+= Table. 11% #t}.

Table. 11 A sentence analysis of GPGGA

Field Example Comments

1 Sentence |ID $GPGGA | Global positioning system fixed data

2 UTC Time 92204.999 | hhmmss.sss

_50_



Table. 11 A sentence analysis of GPGGA (A <)

Field Example Comments
3 Latitude 4250.5589 | ddmm.mmmm
4 N/S Indicator S N = North, S = South
5 Longitude 147185084 | dddmm.mmmm
6 E/W Indicator E E = East, W = West
. ) 0 = Invalid, 1 = Valid SPS, 2 = Valid DGPS,
7 Position Fix 1 .
3 = Valid PPS
8 Satellites Used 4 Satellites being used (0-12)
9 HDOOP 24.4 Horizontal dilution of precision
. Altitude in meters according to
10 Altitude 19.7 o
WGS-84 ellipsoid
11 Altitude Units M M = Meters
) [ Geoid seperation in meters according to
12 |Geoid Seperation Y LIl
WGS-84 ellipsoid
13 |Seperation Units M = Meters
14 |DGPS Age Age of DGPS data in seconds
15 |DGPS Station 1D 0
16 |Checksum *]1F
17 |Terminator CR/LF
7 @%el B4 uge theyt 2o

@k WA el

@ AA EF

L o}F Asst Alzto| B PDAY w=ERe| A7 Fr]sd] nA

Aolm g fgfgtel 4= 9A7HE He] Fofof

GPRMColl A A sty @t 22jal 2+ GGA &7 #trh A3t

of 2FH Aolsk d ot 7}

Fol AAE = AAle] Aol7k U] wiolt,
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= el AARZE Soll sl

< e
AbsElo] ot A v =), 22 gbstE W A W s2xbel 605 ok

4 6HE 43 M, 59 F9E HEhE R Sfudtel = N, E Bl =

THe 91X Aol HUEAE AT ek oolehw AR AAE We 5 9l
ome AgsE o Bk A AL Wy AT F FAle] gkl Ao &
A9E AHg Hssd

AR A QA7 A
MSL# Geoid®] aL=Ezfelth, mpo]y 2 gho] vg S YARE B GPSFA
719l NULL H2l7F 5 vk WGS-84% e A S 7|so2 89 4
Eid=
13H 3} 14 %9 wh9jo]t),

12¥ 2

t}&-& GPRMCO #3+ jgo|th

Table. 12 A sentence analysis of GPRMC

Field Example Comments

Recommended Minimum Specific

1 Sentence 1D $GPRMC
GNSS Data
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Table. 12 A sentence analysis of GPRMC (A<)

Field Example Comments

2 UTC Time 92204.999 | hhmmss.sss
3 Status A A = Valid, V = Invalid
4 Latitude 4250.5589 | ddmm.mmmm
5 N/S Indicator S N = North, S = South
6 Longitude 147185084 | dddmm.mmmm
7 E/W Indicator E E = East, W = West
g Speed over 0 Knots

ground
9 Course over 0 Degrees

ground
10 UTC Date 211200 DDMMYY
11 [Magnetic variation Degrees
12 Checksum *20
13 Terminator CR/LF

RMC* Recommended Minimum Specific GNSS Data®] ¢F#}o]t}h, @WiE IthE 4
v Aol el dnkd oz Fasgk voje] FHOZ GPSAA M Fae HAE THA
< F Atk GPGGAdA A S F sfAIvE &3] Fo] 2+ Fo] Sxet Wa I
oItk GPGGACIA = At @S = QAR o] A= Hxo WEke
GPVTGOAA E#+= GPZDAONA 7}A =t}

2H2 UTC timeoltt. GPGGAZ & s U™ NMEAo|A &= ol #H A Fdg 3o
ofg] o AA vtk 10H9] @5 o] Aitetd ehdg dnel AFS
AE F Arh FA] 9AHE Hsjof gt

8L Hrolth s FEolet

18

Al Knots@ 92 ¥ dt}h. GPVTGolAdE Km/hE A
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Table. 13 A sentence analysis of GPGSA

NAWEFe R 07350748 ZHEl Fol At

ol

e Yo

NULLZ YA

Field Example Comments
1 Sentence 1D $GPGSA | GNSS DOP and active satellites
2 Mode 1 A A = Auto 2D/3D, M = Forced 2D/3D
3 Mode 1 3 1 = No fix, 2 = 2D, 3 = 3D
4 | Satellite used 1 1 Satellite used on channel 1
5| Satellite used 2 20 Satellite used on channel 2
6 | Satellite used 3 19 Satellite used on channel 3
7 | Satellite used 4 13 Satellite used on channel 4
8 | Satellite used 5 Satellite used on channel 5
9 | Satellite used 6 Satellite used on channel 6
10| Satellite used 7 Satellite used on channel 7
11| Satellite used 8 Satellite used on channel 8
12| Satellite used 9 Satellite used on channel 9
13| Satellite used 10 Satellite used on channel 10
14| Satellite used 11 Satellite used on channel 11
15| Satellite used 12 Satellite used on channel 12
16 PDOP 40.4 Position dilution of precision
17 HDOP 24.4 Horizontal dilution of precision
18 VDOP 32.2 Vertical dilution of precision
19 Checksum *0A
20 Terminator CR/LF
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GSAT GNSS DOP and Active Satellite®] <fx}olth. GPGSAS thgo &
GPGSV+ navigationell @ Q3lt}r] Wt GPSY
|ET A XA sl A A E o
of SIS Wid HHE AT e®
2} 32 GPSzhE REo ek otk ffellA B &3] Ak 302 Holglth

AN st AL vE JANZTE 1270 7HA FAE F Qs oujolt) o
o] GPSFAI7IE 124145 B o7 ALg3it}
16 E-E 187H A= 949 &9 4o #3k d&o|t}, a7 47] o]Ake] 914

o] A EHeE F4171= PDOPe] FHa9l A 4719 widE 3ol IAE Aits)
dth PDOPS 4171 $1215 & Ao 7}7to] o] o]2= Alztio] A Ao
ghal gl gteh, A H o] F AIF S99 LxX7F HA Hed os 940 dE HA A
7b A=) wiEelth AW s E Wol §lv] wiite] SRt A7 #
=3

VDOP-& 422 ¢ 22 HDOPS 3 ¢35 w3t}

PDOP = Sqrt(HDOP+*HDOP + VDOP*VDOP)¢] #7A17} A3} 4 e 1002
g7l 6ol sk= AM&-gte,

t}&8 GPGSVl #3k ugolth

Table. 14 A sentence analysis of GPGSV

Field Example Comments

1 Sentence ID SGPGSV | GNSS Satellites in View

Number of Number of messages in complete

messages message (1-3)
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Table. 14 A sentence analysis of GPGSV (#A£)

Field Example Comments
3 |Sequence number 1 Sequence number of this entry (1-3)
4 | Satellites in view 10
5 Satellite ID 1 20 Range is 1-32
6 Elevation 1 78 Elevation in degrees (0-90)
7 Azimuth 1 331 Azimuth in degrees (0-359)
8 SNR 1 45 Signal to noise ration in dBHZ (0-99)
9 Satellite ID 2 1 Range is 1-32
10 Elevation 2 59 Elevation in degrees (0-90)
11 Azimuth 2 235 Azimuth in degrees (0-359)
12 SNR 2 47 Signal to noise ration in dBHZ (0-99)
13| Satellite ID 3 22 Range is 1-32
14 Elevation 3 41 Elevation in degrees (0-90)
15 Azimuth 3 69 Azimuth in degrees (0-359)
16 SNR 3 Signal to noise ration in dBHZ (0-99)
17| Satellite ID 4 13 Range is 1-32
18 Elevation 4 32 Elevation in degrees (0-90)
19 Azimuth 4 252 Azimuth in degrees (0-359)
20 SNR 4 45 Signal to noise ration in dBHZ (0-99)
21 Checksum 70
22 Terminator CR/LF

$GPGSV,2,1,07,07,84,025,47,04,51,289,48,20,40,048,47,02,32,203,46 %74
$GPGSV,2,2,07,01,23,101,47,13,20,131,32,24,19,268,40+49

GSV+E= GNSS Satellite in View2] 2kxpo|t}. z+2zF Al o] Aefo thsf o
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Fig. 31 Process of detection of GPS position information
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Fig. 32 Receiver and detection of GPS position information
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Table. 15 Ellipsoidal coordinate

EF A 7 1/9 % & (Flattening)
WGS-84 6378137 298.257223563
Bessel 6377397.155 299.1528128
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Fig. 352
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Fig. 34 process in map projection
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Fig. 35 Process in Bessel ellipsoidal
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Fig. 36 Process in cartesian coordinates transformation
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Fig. 37 Process in marking of position coordinate
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COM Port, NMEA Sentence Viewer, Date & Time, Speed, 28" So] T A Y
Wl ge] e Hyieolth %o FAddE mel 9 wWole 4] wiA =
ol 1 Ut xAE $14 WIEelth I U Bard A2 H¥k
a2 Qb AL e A8 A5 F4A AHE BRoFa vk Serial SAIF-ES
GPS-Emulatorel] A AF&3F ClassE 12 A}83t9 o™ Table. 16 OnlnitDialog(

o ARE welE Yt

o
2
o
=
e
iv‘
ol
o
i)

O

Table. 16 Function of OnlnitDialog( )

m_comboPort.ResetContent();

CString strPort,;

for (int i = 0; 1 < 4; i++) {
strPort.Format(_T("%d"), i+1);
m_comboPort.InsertString (i, strPort);

}

/) 4 COMI o] €Ht}

m_comboPort.SetCurSel(0);

int port = m_comboPort.GetCurSel() + 1;

// portE 7WWFsk)
BOOL bRet = m_ge.OpenConnection(port);
if (bRet == FALSE) AfxMessageBox(L"COM Port Open Error!”);

/) AEEE 28]7] 93] NceSatelliteView® subclassingS 3k}
m_sv.SubclassDlgltem(IDC_STATIC_SV, this);
m_sv.SetGSV(&m_nmea.Gsv);

m_bContinue = TRUE,;

// ZAE threadE A 2F3Ht}.

AfxBeginThread((AFX_THREADPROC)ReceiveGpsData,(LPVOID)(this))
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Table. 17 Content of ReceiveGpsData( )

UINT ReceiveGpsData(LPVOID pArg)

{
CGpsViewDlg* pWnd = (CGpsViewDlg*) pArg;
NcGpsEmul* pGE = &pWnd->m_ge;

CString  strT;

int r, n, p;

char strNMEA[1024], strSentence[1024], strAll[2048], strRemnant[1024];

DWORD dwRead;
BOOL  bRet;
strRemnant[0] = 0;
r =20

while (1) {
dwRead = 1024;

// AW 1024byte?] ¢lo] 2t}
bRet = pGE->Receive((void*)strNMEA, dwRead);
if (!bRet) {
continue;
}
*(strNMEA+dwRead) = 0;

// ©1Aol parsinge] LdHEA] AMZ ¢ WE&ES W &<
strepy (strAll, strRemnant);
strcat(strAll, strNMEA);

p=0;
n = dwRead + 1}

for (inti=0;1 < n; i++) {
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Table. 17 Content of ReceiveGpsData( ) (A<)

if (strAllli] == "\n") {

strncpy (strSentence, strAll+p, i+1-p);
strSentenceli+1-p] = 0;

p = i+l

// WideCharater= W 2+% T},

strT = strSentence;

/) EEE A g
pWnd->ProcNMEA (str'T);

}
// parsing®] ¢t¥l YHAE KA T
r A1

strncpy (strRemnant, strAll+p, 1);

strRemnant[r] = 0;
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Fig. 39 Integration result
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o}
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Table. 18 Content of SendGpsData( )

UINT SendGpsData(LPVOID pArg)

{
CGpsEmulDlg* pWnd = (CGpsEmulDlg#*) pArg;
NcGpsEmul* pGE = &pWnd->m_ge;
CString strBuf;
CString strEdit;
int nLine;
int nChar;
LPCTSTR pB;
strEdit. Empty ();

CStdioFile pf;
// NMEA ®lolg stele eirh,
BOOLbRet = pf.Open(pWnd->m_strFile, CFile:typeText | CFile:modeRead);
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Table. 18 Content of SendGpsData( ) (A<)

if (IbRet) {

pWnd->m_editOut.GetWindow Text(strEdit);
strEdit += "File Open Error\r\n”;
pWnd->m_editOut.SetWindow Text(strEdit);

return 1;

/)@ B folA A @,

while (pf.ReadString(strBuf)) {

// End Buttong =3& o w2t}
if (pWnd->m_bContinue == FALSE) return 0;
/) FEFol 827 Qtell Eofefof gt}
if (strBuf.GetLength() > 82) {
return 0;
}
strBuf += "\r\n";
strEdit += strBuf;
Vi =
pWnd->m_editOut.SetWindow Text(strEdit);

nLine = pWnd->m_editOut.LineFromChar(strEdit.GetLength());
pWnd->m_editOut.LineScroll(nLine);

if (nLine > 50) strEdit.Empty();

nChar = strBuf.GetLength();
pB = strBuf.GetBuffer(nChar);

// dlelH & Hulth
pWnd->m_ge.Send((void*)pB, nChar);

strBuf ReleaseBuffer();

Sleep(200);
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Table. 19 A PDA classification
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%3} (run length smoothing)
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S oA ARe Bed 2 3x3 FAFRPEHY FAL AADI (129 2t
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+ M5* f(x,y) + M6* f(z,y+1) (1)
+MFflx+1,y—1)+ M  f(z+1,y)
+M*flx+1,y+1)
AN
ML M2 M3 ~101
M = | M4 M M |-] —101 (12)

M1 M8 MY —101
AN AN

T+ dE & (spatial filtering)2 18 7K 39 F3HAQ WHIE A AGHY]
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Fig. 48 Detection of vehicle in front and back
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W3k 3 (H. Antonacopoulos 2001)
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Fig. 59 The pattern applied to three-end point and one cross point

Fig. 60 The pattern applied to one-end point and one cross point

Fig. 61 The pattern two-end point
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