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[Abstract]

For improvement of network RTK performance in survey field, Spatial Information Research Institute (SIRI), LX Korea
Cadastral Survey Corporation installed 30 GNSS permanent stations in Korea Peninsula, and has been running the MAC-based
network RTK service as a test version. In this paper, we introduce the LX GNSS network and analyze the positioning accuracy
of the LX MAC RTK service. For field test of the LX MAC RTK service, we installed temporally fixed anchor points and
observed simultaneously with VRS of National Geographic Information Institute. As a result, the horizontal position differences
and initial times of LX MAC with respect to NGII VRS are 1~2 £ 1 cm and <10 seconds, respectively.
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H:4 Mx|x|H ITRF2008 GRS80
& X(m) Y(m) Z(m) Lat(°) Lon(°) Rad(m)
1 ZEHKAWH) -3003051.03882 4059906.27660 3883100.26033 37.74465 126.48977 48.908
2 3} (HSNG) -3049045.32742 4071455.99603 3835251.03823 37.20117 126.82893 85.764
3 Z2l(YOIN) -3074203.11797 4049925.39461 3838034.82292 37.23230 127.20128 140.094
4 ZZX(POCH) -3047201.65589 4014485.58974 3895961.71161 37.89073 127.20037 135.208
5 11M(GOSN) -3113998.20844 3920043.03201 3938650.29905 38.38029 128.46288 48.480
6 L (NAJU) -3126007.56246 4191756.54741 3639986.56570 35.02288 126.71378 72.405
7 T2I(GUNW) -3211078.18382 4027093.78343 3749531.04419 36.23724 128.56776 127.019
8 2 4HULSN) -3290250.30270 4018636.61182 3690050.40093 35.57482 129.30883 219.924
9 A (IMSL) -3145124.34149 4129651.57091 3694078.39729 35.61917 127.29274 265.780
10 HE(PNCH) -3152145.14431 3978050.20402 3850200.90820 37.36878 128.39276 331.758
11 7| ZHGIIN) -3297091.85556 4040601.26994 3659769.51988 35.24095 129.21412 65.442
12 | HE2KCHNY) -3077258.40160 4112593.52568 3768770.34302 36.45246 126.80576 131.639
13 I =(JNDO) -3113053.96621 4243882.16701 3590625.19937 34.48153 126.26151 39.229
14 S F(YON)) -3191448.48751 3994642.23771 3800403.67112 36.80734 128.62249 179.956
15 A (SCHN) -3083624.08340 4138321.08675 3735340.83073 36.07937 126.69123 49.010
16 | S+=(HADN) -3199539.36822 4132517.49339 3643758.95311 35.06457 127.74829 46.490
17 | L= (YNDK) -3259937.68356 3972685.19859 3765153.11142 36.41245 129.37189 56.551
18 | E22(BOUN) -3140734.19034 4061375.30960 3772035.88448 36.48862 127.71542 196.364
19 Ef 2K TEAN) -3028384.85107 4123891.89964 3795632.49282 36.75440 126.29174 70.564
20 &H& (HPCH) -3209842.53567 4083728.11139 3689159.72345 35.56590 128.16763 72.741
21 | EHEHWCH) -3073505.56563 3975452.11762 3915162.84393 38.11019 127.70836 144.348
22 | =3l(DONH) -3195111.01216 3929803.23998 3863769.89402 37.52463 129.11270 62.555
23 | 2%I(WLKN) -3237761.49891 3941089.47102 3816771.75254 36.99268 129.40446 46.421
24 | CI2KDANY) -3166283.81222 3999515.52259 3816245.78842 36.98560 128.36749 214.765
25 013 (YEJU) -3102736.56097 4023043.83183 3843230.44725 37.29143 127.64088 94.155
26 | 11&E(GOHN) -3183644.90116 4180751.25057 3602743.61727 34.61397 127.28930 70.143
27 T2 (GURE) -3173196.57188 4140695.23294 3657437.61260 35.21518 127.46453 71.873
28 7{X|(GEJE) -3269222.52403 4092237.47513 3627460.26962 34.88520 128.62079 59.055
29 | H=(WNDO) -3155427.15372 4225356.07864 3575555.51374 34.31690 126.75178 38.742
30 x| Z=(CHEJ) -3169316.34090 4278439.91650 3499977.19334 33.49549 126.52973 109.130

551

www.koni.or.kr



J. Adv. Navig. Technol. 18(6):546-554, Dec. 2014

baun -16.1+13.7.1)
40 T T T T
20F | | E
3 ”Mu‘ gyl
= | [l I | ++
= O b=
< il i
# 2D1I11.5 201:1.55 201It1.6 201::1.65 20147
boun -0.7418.(3.4)
40 T T T T
) | " | |
£ | INITINN N Ay g
e ol by i, |
w “\W'WW mewu wwmuww#ﬁ
<
al |l | |
R ZD1I4.5 201:3.55 QD1I4.E 201:1.65 20147
boun &7.+21.(11.0)
o . . . . :
: e
£ h“LHMMMH”uMJL‘IM\llh
S R AN |"|WL
4 |” L AL |
-SD_ 1 1 1 ] 1
20145 201455 20146 2014 65 20147
Year
a8 7. 228529 FH(N:ES, E:SA), FA(V) ZZAALE
Fig. 7. Horizontal(N: North-South, E: Ease-West) and

vertical time series for BOUN.

gl Sl Al A5 S, Sl tigh =e
(uncertainty), 18] 3L |53 7(RMS; root-mean square) 2-%}°]
t}.

a9 78 WY BeRHA0 A ' e R (6.1 +
13.0 mm/yr, E=x ko g 07+ 18.0 mm/yr, ks
© & 57.0 + 21.0 mm/lyr®] HE7t AFFHJh BH5A S0t
T A a0k A JEoR, A Uk B¢
Xz o 2 o] HFeEAS- 71X &= AL ou| g}, 18
2 go]E] A7 7]7h0] zz]}o} F)2 BalE sk 77t
WE sks Aol 7} 3) q
¥ 79 RS, 5*1 ), —}Fz—l xggg)rg% Z¥7} £2 ecm
9} +5 cm 2ol A ”“*QE“] "irxé-'Jrﬁ =
cm®}+5 cm 9] Ujol| A &

“ﬂ%%W“”d§%$%.ﬂﬂ§ﬂﬂﬂ

FAYG

l
2
>
2
ilg
=
=
>
H
[\S}

(e}
=
I B0 AL S TS 1 HS D AFLE

A Ao

Il. LX GNSS7|t} HIEQA RTK M5 U=

http://dx.doi.org/10.12673/jant.2014.18.6.546

11

~

A HFA FAR ALY M= LX GNSS 5 1=
of uje} Fd% 7Y 5-E MAC 2] 9] RTK A998 A28}
ATk o] Aol A= RTK 8¢ A3 A5 7]t @4 A3
18 9S8 214320143 79, 1297 AAE oM, M8
, B71% o5, ae]al 1F Astell A ATk
(1% 8). *é%— TS flato] A Aol A S HA
&tar 2713} F 12 IH 0.2 15 epoch S 1AA 0.2 5o 104]
H5E AANBIITE v AlAdnic} 27]81E sto] 7]
Son LX MACH =EXEgHY VRSE
of AHSTol| &8y = 5 FHx s vkt
23 Zjiﬂr g8kt
]VRS«] 739 e 5-7%, MAC
= 1o MACO] F% ol A
U R UrE}kkfﬂr. OE T Q1) 3F A Apolebr )R
o] 5402 Attt MAC W22 Bl
9 449} HARRE B2 07 A1) wjito|t2]. th
°2 % AolE HH VRS MACS A, & Wako s 3
7 12 em #folE HolE A& & ¢ qUth o= durA o
RTK 53] @A} 5 (2-3 em) 0.2, 7 122z 94 7hs et
FE AL E ARG 0l AE ofn gt = Qlaretol A 3t
=5 el Faratrete] AfolE 17 9o YERSITE 171 9
9 Tl zo 5*1 Al i._}% %._t%ul—sk_ o]n) o}l:q = o] ot
Fxolty 19 95 W VRSS MAC 25 HtEabE
2-3cm WO A BIsh= 21& & 5= vk webA] 339 2 2
ol 574 qlxxete] Qaprt & Zlo] o #} RTK=E YA 7Fs
3 =2k 5ol Aol ¥ 3¢9 ¥FTxE Awrw VRS

[¢]

o

=

=

o;
3

ail

. X
¢

>,

g
A w
ol
ol

Fkl ol fob

w
2

_ll}l'

MAC®| 55 2718} AJ7kah H3gell M frAkRE 202 vrehu
FlzEt BE AR e AR eS¢ Atk

=

8 8. UER3T RTK AF &%t
Fig. 8. Network RTK field test.



LXCHSHR| R SAL 2l E2| elZat 5 Y U ES T AAlZto|S &R s 24
I 3. VRS2t MAC szt Ay Zat
Table 3. Statistics of VRS and MAC field test.
g EZFHRL xtol
T x7|3} i x7|3} aE x7|3} e
Alzk N(m) E(m) Alzt N(cm) E(cm) Al N(cm) E(cm)

1x} VRS 6.4 548156.976 193250.868 2.2 0.5 0.5

ofe] 7.8 23 -02

(9215) | MAC 14.2 548156.999 193250.866 1.6 0.5 0.2

2%} VRS 5.6 522115.992 258246.209 1.2 1.0 0.3

NES 0.8 1.7 1.5

(015) MAC 6.4 522116.009 258246.224 1.2 1.1 0.8

3R} VRS 6.2 556209.264 154123.109 1.2 0.4 0.5

b5t 6.9 -1 -1.6

(&=r) MAC 13.1 556209.254 154123.093 35 0.9 0.5

, o | oA A B AAlEkT B A Bl A5 Al
N o RS 35 A& ARk glon, /le} akslr} ¢haE 2015
T e e ________ ...... +  MAC |- o] A2 0 2 RTK A H]| 22 A2k o ot}
SO SO OR SVNE. TN, SO W
=B N 2 -
s b ;_4_.+__;____*8_;_%o__; ________ - ZHAtel 2
ra e B : : ] :
£ 5 o @ 4% I o
_éu, | AR S ;.O ..... go ..... ?— g'f}re ....... +OO ....... N Az ?i:rLE 20143 % ;H{s};(]@%l)\]. Scj—z_}zjy_h?ﬂ xgzljqu.
) Tl E B A LX FAE9 ek s 9 A Qs 7 o) A
i 5 o AU < P + ....... + ....... e Qo] 213l o]=0] B}, #<el] ZHALE i)
oAy hs 3 5
R ........ T PR + ....... ........
RS
15 ........ ....... i inl-_Tl__E_%I_]
i 1 1 | | 1 1 |
2—2 1.5 1 05 1] 0.5 1 15 2 [11 S. G. Kang, J. Ha, W. S. Jung, J. M. Lee, and H. H. Kim,
AE(cm) Comparison of correction models for improvement of GPS
a3 9. VRSS} MAC IHE Qi positioning accuracy, Spatial Information Research Institute,
Fig. 9. Horizontal positioning errors of VRS and MAC. Seoul, Research2013-04, p. 193, Jan. 2014.
[2] B. Park, D. K. Tcha, J. M. Lee, and H. S. Lee, Improvement
of GPS positioning efficiency for cadastral survey, Spatial
V. 48 U 9 Information Research Institute, Seoul, Research2011-01, p.
219, Dec. 2011.

A A FAL T RATLA A= GPS S| 27} [3] L. H. Estey, and C. M. Meertens, “TEQC: the multi-purpose
Z71ste Wl == o] 84S A 7]7] Yske] 1LX toolkit for GPS/GLONASS data,” GPS solution, Vol. 3, No.
HHZA Q1 }2 F&3}31 MAC 7]49He] RTK AJH| AS A8 1. pp. 42-49, Jul. 1999.

3o Qrl E E=Fo A= LX GNSS elxa} 4= 3 3ta} [4] K.-D. Park, J. H. Cho, J. Ha, and H. C. Lim, “Rapid and
MAC RTK 8% & A5 24 A9= 74319 ) As 24 accurate GPS data processing with ultra-rapid orbits,”
S 9J3te] FEX AR Y] VRS RTKS FA] A= 248} Journal of Korean Society of Surveying, Geodesy,
gom x713} A3 ZTE vasigich A A3 2014 Photogrammetry and Cartography, Vol. 21, No. 4, pp.
979, 19 A1 S, o1, Q1 SellA] A9 A 1l 309-316, Dec. 2003.
= 9J5te] A x| Hoj| AAE T AHHL X3} §HE =S [5]J. Ha, K.-D. Park, P. H. Park, and H. C. Lim, “Near-real-time
B3 2713} A7 HEE SHEYEY 1 A3 XA FAF precise GPS data processing system,” in Proceedings of
MAC RTK= VRS9 vl dS wff 273} A7k H3E 921 = 2003 Symposium of Korean Society of Surveying, Geodesy,
l% %/K}%} =0 2 el o gl 71Esk A IA] FAL Photogrammetry and Cartography, Chungbuk National

Fog 1,}1:,].14—1;} H =R A= ALy A7 % Q1A University: Korea, pp. 33-38, Oct. 2003.

553

www.koni.or.kr



J. Adv. Navig. Technol. 18(6):546-554, Dec. 2014

[6] Y. E. Bar-Sever, P. A. Kroger, and J. A. Borjesson, [7] K. D. Park, Determination of glacial isostatic adjustment
“Estimating horizontal gradients of tropospheric path delay parameters based on precise point positioning using GPS,
with a single GPS receiver,” Journal of Geophysical Ph.D. dissertation, University of Texas, Austin, TX, Jan.
Research, submitted, 1998. 2000.

ot X| 8 (Ji-Hyun Ha)

20004 28 OIS X2 K BB Stnt (ZH4AD
20104 28~20124 108 PJPFATY M7
20124 10E~EM HSXIMTA BUYRATY Ml 7e

A 2
| B0 GNSS, M B, Hua S

i

Z 8 & (Hyun-Ho Kim)

201214 2% oISty 3t x|2| B B 3tnt (44N

20124 28~2013d 38 J|AE IEI|4A

20139 48~3A CIEAIMBA BUYEATY o7
[=1k1

s
#BAIOF: GNSS, 2N S, HUEY 5

4 I 5 (Jae-Bok Kim)

2004 68 ZUTHSHM XIS SX| 343 (LS AR B4 A
20144 28~ BIAY LAH ST EST3t SALRLY

20134 28~2014d 28 HEXMBAb B BATH ATI|HAT
201443 38 ~HA| ChEXIHBAL QAL

HEAIROL: BV S, AIMSR|, HABEAIAY

http://dx.doi.org/10.12673/jant.2014.18.6.546 554



