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A Study on the Accuracy of GPS Received Data in
Travel Vehicle
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ABSTRACT

The introduction of GPS technique in transportation study make real time tracking of driving vehicle's
position possible. Position information data gauged with three dimension(X, Y, Z) can be achieved with
time—continuity and from more than two driving vehicles. For this field of study, in past day, there were
many difficulties in collecting real time data, but now, it becomes easy thanks to this. But for the
resonable result analysis, fully understanding of GPS data—accuracy must be proceeded. Because
accompanied magnitude of error depends on the study’s accuracy. For this reason, this study surveyed
the GPS data’s error and suggest calibrate technique. This study’s result will be helpful for following
studies using DGPS data. For this, this study takes two types study in road, and set triangulation
coordinates, and compare it with GPS data. DGPS data contains less than 0.6m'’s error.

KEYWORDS: Car Following Theory, ITS(Intelligent Transport System), GIS, DGPS

20021 11€¥ 4¥¢ H4 Received on November 4, 2002 / 20023 12€ 159 AA}¢ESE Accepted on December 15, 2002
1 AL =A AR X A F 3} Department of Urban Information & Cadastral Engineering, Kyungil University
# AZ A2} E-mail: jskim@bear.kyungil.ac.kr



76 A Study on the Accuracy of GPS Received Data in Travel Vehicle

MOE FAT FAE ARE B &% AFAY
(spacing), 7}- #&=e] 54& 248 A
M A 591 (GPS: global  positioning olth. GPSE o] &3t zpake] WA ~Ele] T
system)iEokE 2007 ARE v oA & AT RN 2801997, FPF1998), &
wAPRl sHom AREE] As etk gajageo)el @@ el sl AR Aol
ToolF AR ARms AP B Zpopd) sle), AU odnelA wETEE
o}, WIZHEEOl A dRiRlEe] FHEEE f4 oke} A Al Helo] Qrii H)= o)
g Qs 19909 3YN-E AREAAIK(SA el WEES Fof E3 wER| a4
© selective availability)o] gt ©]Fo= 1374 N GPS #BEARE o]4d 2o FHol
g Ui S Aok oldd 4 A 9lojot 3 Aoz woych WER fe 3
o] 2000 5¢ 1UFZ FAHHA Unk o] & He AR E M T AdE= Ro] 7R
Aol 4E F dr AR AFEE A old], 1 E¢t o]5Eel Ao Ly ES A
AT A wEREA s GPS 5% Aztoz Ass =4 - FREdE 7]ed
Zleol B2 s 7 HSde, st ol BA7} worth s|uk GPSe] SH o & o
AR AHHUD ol FA] AFge| 91219} 7t TAHSo] wol g Aol Aot
Sk, 2R fAWE S B9 As o] wEl B BARC wERS Ao
7l A7) wiielth. Akl GPS AvlE 8ol M BFAR Aol W] Tt
Astal sRekd AAzrew dA A AE} Wylojo} sl g A|Lali= Aolt) 7|HAow
o #Fixghe SAs= Zlo] Thsdd, o] A% FHtE = eake] Arle weh Al of
T aEedlA dds] agso] & AlEol & Az Ao gatd S 97 wEoluk
IE s w2 S FdEhe AdE ae 2 odye ged ge yeoz 9w
o gEshi, AnsdE 2ol WHE X A Fon. mrEs FAsks AForRE 4
i, RREES wol7] flsiM e alEsRel & Y= pEzle] ojn Awol AL x| 3
e oviAMeR - RAsek S, gesie setely] aiAe WA wlae] v
DGPS(differential GPS) &9A5+= ol FH= 72+ AAE ol s 3 179
A A8 7] el A g e A AR@ o ZHEd o)
SHARE  ARgAbAIofo]l  FAE o] F-F-H 3 ZFHEPS FHe ALHS o] &3l
GPSTAARS ol &8 wgwelrel A7 Zga) Hid, dd @g 48] 98
T ob &dshATE g A saE Aol o] -G A7 =A3 Aot 1 e
A, AFel FESAS E4sh] Sld A7 92 o] Zaswa  wEx
GPSE #-&sk= el s A3 Draijer DGPS WSS 7L S5 53
(200008 A77F Ak o] A= THE P Fg3} vaeks ES "eith AT oA
shs mAA Aol 84 ] Wi GPS grtome A@TRa Al A7, F
g o8% AnsHd FHA HFke 7HA 58S AAE AFoly, Fue FoE
W E& T Aotk EF, GPSE ] 2 018 FAFde] WE & - 2 Mee 7
&3l FEAF YEEF AT ARE F Zow Hort}
fahar wAshs Wwel o dE Ay ot e Mol A AEEHE B AT
Hatipkarasulu 5(2000)¢ll 93 Z%= Sl=t, o] mAO DGPS #EZre] A2 Wil
IR 2thel APl GPS AuE wASA gl wUYIFe) AHE olgale] £



R R e 77

st FFE A7 F FAR ANsu
Folut

= Aol DGPSHHIE
AAoR AgolgPrel B
%

[e)
ol Sleh 714
e} ZEge 2
SKI Z2Ide ogste] ¢

S
X2

1
£

5
NS ol gste] HRE AAT e, 99
o el di3 HARARE DGPS TS
Aol vlasty] gk 7o w2 o] &3H3iTh

I 18 ATelA ARSE GPS s |
Zoll A3k o) 2% B9|R FAlEE AR
o= #TSAIZE A - 9Y=#E  TMtransverse
mercaton)# 3, 3L - Azk G E 5o 14
AE7F 23] i, o|ZHY A £
AR, SN, olsWE T 22k HH
F=% F vk o714 A" DGPS
= GARMINAFS] Differential-ready Phase

T
[4 |

i

H]

Tracl2TM 21718 o] &stgtt 212189
Ao AMEE Sf&EZ WS A ALY 2HA|
Z 2393} LISCAD, AutoCAD Z21o]t},
% 2% B Aol AREE GPS S
oJt},

R E———— =

e vh '-' 3 d
FIGURE 2. GPS equipment for data collection
3. £40|E % dlwEHH

1) GPS

GPsE Al oltel st 715 7
glo] AA7Hreal time)o® $IXAAIY &

&, AEAS Thestl dlge desde

olge HEdHAAL & + Utk oYF
GPSE A BA3 Py



78 A Study on the Accuracy of GPS Received Data in Travel Vehicle

A AeE F Qe Be gA=e Adm ek ok A (D cok RE oAl 2w 2
= 7)1zl (4)s} 7+t
2) DGPS Z9 XT = ¢ + uxcosa — pysina
GPSHA71E 27) ol Abgshel o) YT = ¢+ uxsina = uycosa @
292 g wdeld, FEE AnYE 71X o], AEMA ok ¢ yu, RS OW, X
Hol| wlo]~2AHool AL GPSFAI7IE AXA3} ALY HEE A 1o o XTHEAZ WS
T, 945 e mUHee] Auede] Ages  Hrh MHLAS wEi= 49 33 wa
wANE Aushl AdE T o2 A9 A% 3} fAlel TEAS A4 T ol H;
o] Zhl(rover) & 719l oA olgst AN ztzt FEM distel 271 WAAS
= oaolth, 2goene wWold i A AEeT 4o AIEsE HAaAFyd o
e olBahE Art WRRelth A& 24 skl Aeuh WA fg Agugae o
oAM= oabAEY nASET gxATe] By &3 P
W35S AASLaL, o5 AAFto R JESF XT = ¢ + px - qy
oA wold 9= A Agsth o] 44l VT - e ¢ ax ¢ by -
NelHe= BER oabAee] a0 e el
A BAES Hgstn BAHE JAAE o714, p = upcosa, @ = usina®l, pot
olgstel AXNANS AR AR oapy M Sdastweh SAHOE B A
go) Age 9HAAY e mejFz  OSWTH U 2ol 7R 5 R
upl o]}, NN

tana = q/p (6)

- o sliel FEHl e 4% e w3
A=A 2709 He H XT, YT HEZEE H2A47We 2830

HAFAE X9 XTE YehlH, 27 337 Zo] A=t}
HEY 5 glid, 9ES gl oz @, DNEFGATMED] 21 Gauss-
gel(e]d, 20008 & Slrk Kruger 8-S Sgubabel A 1910 el 28
XT= ¢ +uRX 1) HAW Gauss 4ol FIHE MAS AL
24 deldog o9 F5slth dA A
AN ez ARelTH, iz FHEA RS ol AN Y BSgy TTSY
sl do|tt, Aol ¢ b #r oA FEEI g TMERS Axzz 7
. o oste] dEAS AH Hgstm Yk

o 1

=l @ Kruger olFolE 4859 B8 gsto] @e
Koz AEE Al ). Meadei= b 7H
R:[ cosd — sind ] 3) AF A AT UTM 5ol 2851 9
sin@  cost o}, B Ag AolA] X2 (northing)= )
I TR e A i (M3 2onm YHH(easting), ATzt

=

= 4
o

W 2 (convergence), = % Al4(scale factor)?l
Mol MPelsHa FHAF, 37 «F X 21 Zbzh 2 (8)~(10)2 #t).



BRI CHE GPSeAAE L] HEHES

B AT/ YA - C1SE - 4 79
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FIGURE 3. Basic concept of 2 dimension
transformation
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FIGURE 4. Test section on the digital map FIGURE 5. The survey results of the test site
using 3rd trigonometric point
TABLE 1. The results of GPS survey of the test site using 3rd trigonometric point
x| X™ 2/ =E ™ ZhE H
& ds X aX(m) Y dy(m) X y =
1 4001 35'50"4.054273" 0.00250 128'31'22.259343”  0.00250 3224315.3082  4049990.5682
2 5001 35'50'3.802002" 0.00249 128'31'22.009730"  0.00251 3224309.0450  4049982.7913
3 5003 35'50'3.297268" 0.00339 128'31'21.510699”  0.00211 3224296.5225  4049967.2249
4 4003 35'50'2.539571" 0.00373 128'31'20.761453"  0.00226 3224277.7234  4049943.8765
5 4004 35'50'1.782622" 0.00321 128'31'20.013463"  0.00241 32242589543  4049920.5434
6 5004 35'50'1.025117" 0.00292 128'31'19.265651"  0.00221 3224240.1902  4049897.1928
7 4005 35'5070,268956" 0.00275 128'31'18.513943"  0.00188 3224221.3276  4049873.8830
8 5005 35'49'59.51304" 0.00265 128'31'17.766073"  0.00181 3224202.5618  4049850.5811
=3 ARE a9y 5o AAEE AL, o= wf Z}73(433, 436, 4374)S o]&3 GPS SFHS
goz AgTRe] 84 FH g FAAE Wste] <lele] 54 FHol W FERS F
E % 1 Agste] JEdSth Atk Fagk S4A U 49 A
Az 1AM ol 7F Azt = A HSE
2. NZEX| 124 AN F 6AIZHE Al Bkt 1% 62 A
NFFA P Fwe]  pEE(o}TE)E 23t AZHATREe] AA SHE FAE A
VY Aspgojesst g Acjols wage), ML AW T SEAAelH. & 2v SHd
24} Aol DGPS 3ulE g% F, o ¢ o8 HERL A9ME, 2AEEel DGPS
e Sa)EHA] 07t o AR SukE dHE ' 5 57 53 fE SdskA
QeAE dohuy] ol Aesigley gy TAE AEIE SEAN S A
o koA AlATE7E Z=AA|e} EolE WS vl - FA =Y AREEY, X3 1/5,000
Hgsged, WA Tl ms) Fu 45 4 TImsh vlalste oA R Ak
o]-&3 o olt}
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FIGURE 6. Downtown section on the digital FIGURE 7. The survey results of the urban
area using 4rd trigonometric point

map

TABLE 2. The results of GPS survey using 4rd trigonometric point in urban area

x| XA d9E =% TMZELE H
& ds X dX(m Y dY(m) X y =
1 5001 35'52'17.653730" 0.00282 129'12'52.186644" 0.00229  3271393.8441 4009054.2679
2 5002 35'52'16.463750" 0.00299 129'12'53984897" 0.00196 32714389552 4009017.5913
3 5004 35'52'14.944653" 000616 129'12'56.285236"  0.00639  3271496.6623 4008970.7713
4 5005 35'52'13.467617" 000274 129'12'58513485"  0.00228 32715525616 4008925.2480
5 5007 35'52'10555502" 001119  129'13'2.912079" 000324 3271662.9091 4008835.4983
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TABLE 3. The comparison of GPS TM coordinates and DGPS TM coordinates in the test site

x x®  GPS 5% TMAE DGPS AlETZHH ) DGPS AlET2He ) |
8 #o X Y X Y X Y =
14001 32243153082 40499905682 32243152664 40499906019 32243153895 4049990.5028
2 5001 32243090450 40499827913 32243000090 4040928204  3224300.1307 A0499%2.7226
3 5003 32242065225 A0A6T.2249 32042064853 AMIGTIAS 32042066063 AMA967.1575
4 4003 32242777234 AVA9A3ST6H  32A2TTE928 AMIM3I0L  3204277.8164 A049M38016
5 4004 32242589543 404205434 32AZRI262 AU 3224259.0427 40499204722
6 5004 32242401902 40498971928  3204240.1430 AMAIR0T2266 32042402627 ADAIR9T7.1344
74005 32242213276 A0A98T38R0  3WARIA) AMISTISESH  3WAIATIA AMISTITETI
8 5005 32242025618 40498505811 32042025048 AMISH05537 32242027086 40498504586

FIGURE 8. The results of GPS survey and the real-time TM coordinates from a moving car in

HE DGPS FAAEZEE E4ste YeRd SAPHLAZE  -0147~-0.0727kA o], dy+=
Aotk w3 AIF3Ee] 379 3T A 0.068~0.1237k#] &A= At} o5 7HAaL A
B 7lEmes Aeelal, 1 ol At gleztel ek 2 A A}, dEme] o
W RANHoRr Zbzhe] AAlel FiEdata 2P 9= 0.0232~0.0540m= UEFR L, 99
HE FASsA A5 GPS S Aot Al SAPE = 0.0932~0.1609m=E A = ST o]
Aapigoll ogh Azl o] tiFk ke del Atz B uj, A3l Ao DGPS
A71E Hlagk Zo] & 4o|th. TMHRIZES] 2 ARz gk Qb= AA &2 ASE UE
22 Blagk Ay, 87 AR eAb= HE U, SAARE OdE aEEAd ol&s=
TM#ES] 4% dxo 2x$7F -0.033~ Z A= s Aew AddEn

0.04274A1 0™, dy+= -0.033~0.0287F A = 4]

AT o] T™M #Hiel g 49+ dxé

the test area
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TABLE 4. The comparison of TM coordinates and the distance error in the test site

X XA HE TMEEZELR} 2ts TMZEHE AL At Az 2R} g
H #s dx dy dx dy Ab(m) Ab(m) -
1 4001 0.042 -0.033 -0.081 0.066 0.0538 0.1043

2 5001 0.036 -0.029 -0.085 0.069 0.0460 0.1100

3 5003 0.037 -0.030 -0.084 0.067 0.0478 0.1076

4 4003 0.031 -0.025 -0.093 0.075 0.0392 0.1194

5 4004 0.028 -0.022 -0.083 0.071 0.0361 0.1134

6 5004 0.042 -0.034 -0.072 0.058 0.0540 0.0932

7 4005  -0.018 0.018 -0.144 0.116 0.0232 0.1609

8 5005 -0.033 0.028 -0.147 0.123 0.0432 0.1482

TABLE 5. The comparison of GPS TM coordinates and DGPS TM coordinates in the urban area

PSIRPSFS GPS &2k TMZHE DGPS A|ZtX|FZHHE) DGPS A|ZtX|FZHe=)  H]
M dHs X Y X Y X Y o
1 5001 3271393.8441 4009054.2679  3271394.2148 4009054.7428  3271394.1032 4009054.5998
2 5002 32714389952 40090175913  3271439.1875 4009017.8586  3271439.5690 4009018.2979
3 5004 3271496.6623 4008970.7713  3271496.9008 4008971.0460  3271496.6321 4008970.7365
4 5005 32715525616 4008925.2430  3271552.6018 40089252943  3271552.5722 4008925.2602
5 5007 3271662.9091 4008835.4983  3271662.7517 4008835.3049  3271662.9286 4008835.5223
wH%
¢
4
“‘"}‘ /__/'/ ) (:‘g)@
%ﬁ : / f':ép“ '
o 5%
§ e NN

FIGURE 9. The results of GPS survey and the real-time TM coordinates from a moving car in

the urban area
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TABLE 6. The comparison of TM coordinates and the distance error in the urban area

xR HE TMEEA} o= TMALER} AT 2|2 H

H #3 ax dy ox dy Ab(m) Apm)

1 5001 -0370 -0475 -0.259 -0.331 0.6000 04211

2 5002 0232 -0.267 -0.148 -0.706 03541 05000

3 5004  -0233 -0.275 0.030 0.035 0.3638 0.0461

4 5006  -0.040 -0.046 -0.011 -0.012 0.0614 00162

5 5007 0158 -0.024 -0.019 -0.024 0.2490 0.0300
23, AL 9199 dEE FAlEte] GPSE &l " ZATE fls Aow dAdy
e 579 FH Hxeh vl A8l = AETRE AAle] AZEA e R TSt
olw - abF T 2AE(HE)F A of astet. WA Aldg7re]l 87 FHel
N 2zE ddste] FdsAsd, BdEd ek GPSSHHA NS 7IE 2= dto] A

&= 25~40km/mhE PEH AT

I 6 TMRREFS 7HA 3L o3k nlag
ul-goltk 570 Aol A vlal - A TMEaE
o] oA+ xS A, dxo HWelE -0370~
0.1587}A01H, dy= -0475~-0.0247 A &
Aot 5o A, dxo ¥WelE 0259~
0.0307FA01H, dy+= -0.706~0.0357F4] & -4
HArh g GPS SHEARE VORI,
Aol o] DGPS FAAFA A YERG A
Foats EAsIAEY, HAEe AWM=
0.0614~0.600m31 A o& e}, Eo] o
A 91 0.0162~04211m=z A &k 24
Ay, Z2Wo] n5AE Fo] Y8 & -
Al ol 7} Mk Pkl s g A ok
THE AT E AEFHHES 227 Y
A EAS= 02 YERTE Ao S
NEoz & ) Alggtel wlal] Al 7R 7]
A e xgke] 05m vl & Ao ® Yehyith &
ARk o] Agw HHWA7E 06m BrEolBE
FA A g wFsty Rajont

SRR

2 =
B Ao = DGPS FAIA RS wE3Et
wokell FE37] f8) AgeEs A=,

(6]
o] DGPS FA1#2t&E Hlal - #3519, |
29 A9 0.0232~0.0540mE LFERE AL,
B ol o2 9E 0.0932~0.1609m = HA] F
Atk AIZEA Rl A= A=) A9 0.0614~
060002 YEREI, FEe] A= 00162~
04211m=z FA %t}

ool Az B uwf HAAIFo] TS
Aejol GPS ZZHA ol o8& FAE AEZ
o= o 0.6m olWe] Hamd EL J
A=, 2efo] FaPA o5 A =
EWstol| gk DGPSTAl AF59] AR A
= QS Aow wekdrh

DGPS =74 ZH¥o)| w}

o
J

_>|4_'4
o
N
)
30,
pe
By
=
I r r].g:
re
-
=2
>
M
>

Lo
o
ol
Job
o3
rr
2
ol
=

oo M o

bow
fn)
R
©
o X
B\
ox
i,
N
i =
)

il
N
N
257
ot
B
]
)

s
N
o fo AL W oo K1

o
N
QL
-
BN
a
o

s
av)
i)
B
%
4«»{1
2
rlr d
o
)
T
ok
it
tlo
o

o
ol
o
2
?
n B
v
o2
o
g
N
-4
N
it
2
|
> =
:OL_I‘

>

e 2

gu] H:}
&

)
oo
]
&
X0,
I o
oo
g oo yo
offt HL
4H 2
U
o X
o X
Jo
oy
Mo
)

i oft
>,
(e
il
rJ
ALk
o
o
ot



YA het GPSH AR I

B AT/ YA - C1SE - 4 85

A4 1998, GPSeF A v ]S o] &3k %)
%hf%‘?é Al="e] F4d 2 VRMLE ©]-&3h
GUI AA. ZF4gu AALehe] =

o]£3. 2000. GPS 714 %9 =A4ALHA
Aol #Het A+ AAddstn AALee =T

ZHg 1997. GPS¢} 3
2ol #ek A SHarEr|ed A
A}el9l =1
A, 1999. Differential GPS =3 4355

of 3t A FAFE e AAFEY

=
.

N\
o
ok
tlo
o,
oo
e
rlo

rr o?z,

Draijer, G., N. Kalfs and J. Perdok. 2000.
GPS as a Data Collection Method for
Travel Research(The Use of GPS for Data
Collection for All Modes of Travel). TRB
Papers 00-1176.

Guo, P. and A.D. Poling. 1995. Geographic
information ~ systems/global  positioning
systems design for network travel time
study. TRR 1497:135-139.

Hatipkarasulu, Y. B. Wolshon and C.
Quiroga. 2000. A GPS Approach for the
Analysis of Car Following Behavior. TRB,
pp.34-42.

Parkinsn, B. W. 1996. Global Positioning
System : Theory and Applications. Vol
[.I. AIAA. pp.3-112. KAGE



