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Evaluating of the Effectiveness of RTK Surveying Performance Based on

Low-cost Multi-Channel GNSS Positioning Modules
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Kim, Chi-Hun - Oh, Seong-Jong - Lee, Yong-Chang

Abstract

According to the advancement of the GNSS satellite positioning system, the module of
hardware and operation software reflecting accuracy and economical efficiency is implemented in
the user sector including the multi-channel GNSS receiver, the multi-frequency external antenna
and the mobile app (App) base public positioning analysis software etc, and the multichannel
GNSS RTK positioning of the active configuration method (DIY, Do it yourself) is possible
according to the purpose of user. Especially, as the infrastructure of multi-GNSS satellite is
expanded and the potential of expansion of utilization according to various modules is
highlighted, interest in the utilization of multi-channel low-cost GNSS receiver module is gradually
increasing. The purpose of this study is to review the multi-channel low-cost GNSS receivers that
are appearing in the mass market in various forms and to analyze the utilization plan of the
"address information facility investigation project” of the Ministry of Public Administration and
Security by constructing the multi-channel low-cost GNSS positioning module based RTK survey
system (hereinafter referred to as "multi-channel GNSS RTK module positioning system"). For this
purpose, we constructed a low-cost "multi-channel GNSS RTK module positioning system" by
combining related modules such as U-blox's FOP chipset, antenna, Ntrip transmission of GNSS
observation data and RTK positioning analysis app through smartphone. Kinematic positioning
was performed for circular trajectories, and static positioning was performed for address
information facilities. The results of comparative analysis with the Static positioning performance of
the geodetic receivers were obtained with 5 fixed points in the experimental site, and the good
static surveying performance was obtained with the standard deviation of average +1.2cm. In
addition, the results of the test point for the outline of the circular structure in the orthogonal
image composed of the drone image analysis and the Kinematic positioning trajectory of the low
cost RTK GNSS receiver showed that the trajectory was very close to the standard deviation of
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average +2.5cm. Especially, as a result of applying it to address information facilities, it was
possible to verify the utility of spatial information construction at low cost compared to expensive
commercial geodetic receivers, so it is expected that various utilization of "multi-channel GNSS

RTK module positioning system"”

Keywords: Mobile App, Multi-Channel GNSS RTK Module Positioning System, Kinematic Positioning,

Static Positioning

1. ME

Z|L, GNSS QIGAIA-IS] FESI0f 24171 719
et Bl 38 2~ E 019 iR Tiet Al 7t
ZTHO| GNSS &9 eRIES B2 O8RS 55
| Z Sk 4= = =8 7Hs8 HE (module) FEH
T SO J AR 2okl 11 E880] BTttt
I}, 2021, Galileo FOC(Full Operational Capability)
B BDS(BeiDou Navigation Satelllite System)-3 ¢
AAIZEl AHIAZE ZHAEHEAL GPS, GLONASS,
GALILEO, BDS, QZSS, IRNSS, SBAS & Multi-
GNSS(Global Navigation Satellite Sytem) $1/EZ9]
A&EQ] Qlze} SFA0] FRE M estE a3l ATHOIE
- Q8E 2020).

TAIA GNSS 24171 Eokak 20194 18THofIA]
2029 28T, GNSS A& 8k 10897 K&5]
Q1 &0] ofefElT. ANEZEL Yool AMSY
= €5 Do =4171= 2029E71K] 209TH OJ4) 4=
Q} AEILE €5~€150 71ATQ] A7) AJES
A% HEES LIERH €1500149] ig 524171
ANEE EA 3% HITte] HiSS AHRISHAITE 7he e
HEO|A] AFZ0] ol AEITHGSA GNSS Market Report
2019). Hardin et al.(2019)1} Hodgson(2020) 5 A
TAEE floh AAIEA AIEte] ZAAlE 4 viete
2 dE9 AIME S8t 4 7Ol FIAIAE
(SUAS, Small Unmanned Aerial Systems)2| 224

S YET HE QAT

0

N

2

54 XML IEYE, H52H M2, 2022

Williams et al.(2020) 2! Hodgson(2020) S2 A8
S}, =25} Wl 455} 20| HUEE ATl AlF
Mo

GNSS Z9)7|e2 S87Isel200A dadd
ZOpol| 7HK] ARSEH] ol wf theet oo

(Location Based Service), I ER £o} 2l Xj&
T3l 5 Tl AIlRollA 854l Qo] 2 FEof
ofl 5t GNSS ZH|9] Ad B 79l §840]
QBRI ATk F 2, SAVE9] S Qe Ad
HEO= AMAFE A71e] GNSS 5418 9] AR AJHO
Sl oM, 5G S4150] e AREE]]
Multi-GNSS TS 4=410] 753t F (chip)& &%
StHE 52 5 d80] 7idE thet OEM A&
T EAIEAL QUL olofl w2t A171e] Multi-GNSS
A719}5G S41 50| SlE ANEES 8- &
Sto] A0 Arlde didst SR F5 |
2 &8dh= S8ARIVT SE H S EHE

AEE A ATHARIE Q] 2021). THFsE 2olof] X 7¢
S 41719] HeEo] ghEw a1 o] FRF =7 5
7t Z10F oA, 20198 20 2008 oI5t
L1, L2, L5& A¥6h= THIet GNSS(GPS, GLONASS,
BeiDou, Galileo)?ldE 4lg 4= Q= HEZF =Y
) ACHHodgson 2020).

GPSO] S HOjE9Iot riE9I= Tist

}_

ol oM

02 4> F

e}



CHH'E X7t GNSS &=

21 27|48 RTK 52| 284 Yot

o AUERE FRES, ASEHAES, o859, 9
AL OSSR, AAIRE 015 SRIZ LIFIOIRITE AR
O|ZZ9Q|(RTK, Real Time Kinematic)oAl= 715=
1} OlE= 7H] Aelof oJsl MelESit thFs ket
22 AR AEA 7} RS o] BEE] AAE
Al gonz AENEC g 5517 sl 7|
K9] ZojE 10~15km=Z AStsioF SITH=ERZE
H 2003). 7 SOt TS HIAES E3f Network -
RTK &£540] th Ho]A}Q] RTK &£FMRCH <
S5ITh= Z10] YBTAOH 7HI7IEAOZRE A
ARICZ HAS AlEsh= UIEYIE 561l Ut
(Herbert et al. 2003). 7+&712&(VRS, Virtual Re-
ference Station)S AFZSH Network-RTK(VRS) &
Al2 RTKEA]of HIsH 7141 Zo]9] Alsto] o, A
Al?&éiﬂ HIOIEIE olg8to] Qo] Ero] 7IEd
= MARICZ olE=19] FUst IRIE 28
g 4= QUUHAIFE 9] 2012).
HEE Q] (2014)2 335 D AAMEAL A
5 FKP(Flachen Korrektur Parameter) HHA]Q]
ggde BAotal, o188 25(202002 RTCM-
SSR @9@ 718} 1750} Multi-GNSS AR E9]
S YUl

Xﬁﬂoﬂ ChllE 2171 tiEEOF U-bloxAlS)]
7?5 7IHOZ AIARE ThFet AlEato] OEMEMA]
l o] 28511 UL U-bloxAl] FAIS 7
HIOF Wj%]8] QML) RTK HEg Kﬂ%& ENEES
A7) 8 B T 2R F5oR 88 Vs
S RIET0] AANE] 11 QU S, HEORR =2y
FAH RI26%, B Al Al48% a0l oJa) o
FAGEANT HEE Qs ZAMIES Rl o
12014 FAFRAD & ZAKsI0] A= RX|E &)
Al FoAQILE. ojof wheh, ALAR oAM= HE 1F
Aol o 2B, AEHST, 7|EHsT 5 uid

1

I EAEEAIAE (Korean Address Information

System, KAIS)oll H<; 7Fsot FUiE TH& AkEst
o] R0l BEE FAFHAL O] JES AR
Y = HoArre A2 dot= Fakg AR
L} Is9 T2 S8 s S8 AIHE =
Ak Q] fIR] FHe QIRIAS: +Fd WE
ZAPE SRR o AR AlE9] QIRIAPT &
ASHTE 2 ¢I5t0] B4 Thd A17F GNSS 591 I

& 7|8 RTK SZA|AE(O]8], THE GNSS RTK
S M50 AT 58S AS

1)
149 AlelstaL O% ZAFEA FARE

TIHE GNSSRTK & S A~ 684 8
7H B A HAND AR 1 A8y 2Alg floh
= A7oAE ths SEAR d+E Jdsii]
R, X7} GNSS &8 HES ﬁé@ é, =9
7ol %} S Soff Ll GNSS RTK & 59
ANAES s SR, aE ERHLQ GNSS
RTK RE QA AH 0| X W =45 9] ASHS

SEIESES,
HAEs] 28l A2 GNSS RTK 441719] =€)
0 CE=gkS i) A EAIYA U] AJEE 9
9] HePd g Hiul BT AR, ATHAERIEHA o]
A T FRI51 Qs FAEEAV RAKIR' O] &
84g AEsY 9l 58 AEES o &9
HaPd g vl A5k

1L

FUE

-

b1l

)

2.1. GNSS RTK &¢| 2& =% 74

H AI8jo|A] =85H= GNSS RTK 9] BE2 T
& 0] Z2L]= U-bloxAte] ZED-FIP FAl
AEBIACT. GNSS RTK =€
HE =g 1A v AXF= Figure 137 ZTH
SimpleRTK2B-Starter  Kit  LR(https://www.

oy
J‘g
52
i

Journal of Cadastre & Land InformatiX Vol.52 No.2 (2022) 55



RTK(Base+Rover) N-RTK
Configuration Configuration
Base Rover RTK Module
Patch Antenna Multi-channel
Multi-channel GNSS GNSS Antenna

Antenna

NTRIP based Module

UHF Antenna

! v

U-Center program
Smartphone Android
based public app

\/

Kinematic
Positioning
Static
Positioning

Smartphone Android
based public app

Figure 1. Configuration and procedure of the
GNSS RTK posotioning system based on the
combination of positioning modules related to

GNSS
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Figure 2. A low-cost multi-channel GNSS RTK
positioning system constructed by combination
modules
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Table 1. Configuration of a Starter Kit LR Device
Source: Arduisimple
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Figure 3. Multi-channel GNSS Antenna module
Source: Arduisimple
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Table 2. The receiveable frequencies of multi-
band GNSS calibrated antennas

GNSS Type of frequency
GPS L1/L2/L5
GLONASS G1/G2/G3
Beidou B1/B2/B3
Galieo E1/E5/E6
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Figure 4. Static Positioning Targets of Fixed
Points and Address Information Facilities
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(a) Base and notebook  (b) commercial receiver

(u-center)combination

Figure 5. equipment comparison

DO

0ok

AE]

RNy |

5lo] =

Hoge ook

g

.,

f

o Ol < o rir

= (=)
EdE

N

i golskal ¢y
A7V URo] dxE 18 E o9l Point
No.3(N: 37°22'18.054", E: 126°37'55.238", H:
28.7119m)Z TIAlE GNSS RTK RE =9 A|AHI9]
Base®2 AASIQICT Figure2. (), (b), () 9 7+HAS
FAIGHL BaseE 7IE0% A= 2t JY &

SEAREEZ 30xE Jgo0] ¥Sslkal 41535] olSst

o] 12270] thst H=5FEE FISIQl A8 =
9] SEUEQ! 122589] Fet=E Hlws] 2ot
0] CESES Ao FAIGAOIA FISeH HARE
9] zhEet 8 FAIE 417101 R8E N-RTK H4
58 XXM ZEFE, M52@ M2 2022

(a) Kinematic Positioning
Point

(b) Kinematic Positioning
Sructure

Figure 6. Kinematic Positioning Foreground and
Coordinate Acquisition Subjects
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Figure 7. Installation location of address
information facility
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CHld GNSS RTK H& 59 Al @A) A

Table 3. MAE and RMSE of RTK and R8 in
Static Positioning(Unit : m)

RTK(Base+Rover) / R8

Point No AX AY YavA
1 -0.031 -0.011 0.031
2 -0.036 0.019 0.036
3 0.000 0.000 0.000
4 0.017 0.020 0.017
5 0.009 0.024 0.009
MAE 0.018 0.015 0.008
RMSE 0.015 0.012 0.010
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Table 4. MAE and RMSE of NTRIP Based Low
Cost Receiver in Static Positioning(Unit : m)

NTRIP Based Low cost Receiver/ R8

Point No AX AY YAVA

1 -0.031 -0.055 0.064

2 -0.003 -0.034 0.057

3 -0.014 -0.032 0.066

4 -0.025 -0.033 0.048

5 -0.037 -0.020 0.084

MAE 0018 0.035 0.064

RMSE 0015 0.025 0.044
£ dse ?d5cl] ¢l Base, Rover 749
=5, NTRIPS Al¥6k= A7F X8 GNSS
HE 7, 485417101 TrimbleAl] R89l #5
e HIWAE si9CE RTK(Base, Rover) A}

TrimbleA}2] R8A17](Table 3) BrtAH 2 XHMAE,
Mean Absolute Error)e= X&E: 0.018m, YAE:
0.015m, ZAE: 0.008mZ, BrAlEZAHRMSE,
Root Mean Square Error)= XA 0.015m, YAE:
0.012m, Z&E: 0.010m= LFERIT

TrimbleAl2] R8 4241719} NTRIPE K| 5H= A7}
ZA] GNSS HE 779 (Table 4)9] & RR= X
AE: 0.018m, YAR: 0.035m, Z&E: 0.064mZ, B
TRIEERAR= XAE: 0.015m, YAR: 0.025m, 74
H: 0.044mE LIERSTE

42. SHE2L

CHIY GNSS RTK 2E E¢] AIAH g0z
=5 o] &9 Heleg 1Es] QleiA RIA]
Jro JAeiAe Sl FISE EEQY, AedH]
Q1 TrimbleAl] R8 +AI71E &8 ISR E IS
I I LAIFSRE FH AKX IS

Z2NE0l| S7E]0] U= FAREEE ARESIAAL
RTK(Base, Rover), R8 =A17]0] EX#=02 HE

60 "X FEFE, M523 M2=. 2022

Table 5. Coordinate errors, MAE and RMSE at
checkpoint of RTK and UAS(Unit: m)

RTK(Base+Rover) / UAS(checkpoint)

Point No AX AY NZ

1 0.022 -0.019 -0.037

2 0.023 -0.024 -0.033

3 0.015 -0.007 -0.041

4 0.013 -0.013 -0.054

5 0.010 -0.013 -0.049

6 0.018 -0.028 -0.047

7 0.025 -0.008 -0.039

8 0.020 -0.012 -0.032
118 0.032 -0.010 -0.055
119 0.015 -0.003 -0.036
120 0.018 -0.006 -0.048
121 0.003 -0.038 -0.041
122 0.026 -0.012 -0.043
MAE 0.014 0.014 0.037
RMSE 0.016 0.018 0.041

St 122789] U=FRE0F EE2HA HAPY FHES Hiul
310] Table 5, Table 6, Table 79| A1E EE3IACE
EEYAE GCP 54, CP 28lg #=5sl0] Feles
%3kl Table 8, Table 99

Figure 4, Figure 62] A5 A4
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Table 6. Coordinate errors, MAE and RMSE at Table 7. Coordinate errors, MAE and RMSE at
checkpoint of RTK and R8(Unit: m) checkpoint of R8 and UAS
RTK(Base+Rover) / R8 UAS(checkpoint)/R8
Point No AX AY YaVA Point No AX AY YaVA
1 -0.006 -0.025 0.023 1 0.016 -0.044 -0.014
2 -0.019 -0.018 0.029 2 0.004 -0.042 -0.004
3 -0.001 -0.033 0.044 3 0.014 -0.040 0.003
4 -0.015 -0.041 0.053 4 -0.002 -0.054 -0.001
5 -0.007 -0.014 0.010 5 0.003 -0.027 -0.039
6 -0.016 -0.016 0.005 6 0.002 -0.044 -0.042
7 0.005 -0.028 0.022 7 0.030 -0.036 -0.017
8 -0.014 -0.020 0.018 8 0.006 -0.032 -0.014
118 0.018 0.018 0.065 118 0.050 0.008 0.010
119 0.015 0.015 0.057 119 0.030 0.012 0.021
120 0.018 0.013 0.038 120 0.036 0.007 -0.010
121 0.013 0.004 0.014 121 0.016 -0.034 -0.027
122 0.017 0.017 0.032 122 0.043 0.005 -0.011
MAE 0.022 0.018 0.037 MAE 0.027 0.023 0.014
RMSE 0.025 0.022 0.041 RMSE 0.031 0.029 0.017
0.041m= LFERITY. Table 8. Coordinates of ground reference

RTK(Base, Rover) 2} R8 Z=7 (Table 6) Ho-&t)
QA= XAE: 0.022m, YAR: 0018m, ZAR:
0.037m=E BrAlEAE X&GR: 0.025m, Y&
0.022m, Z3%: 0.041m= LIERSTE RTKS}F R8OIA]
F S5 2T QA= 0.1cm~6.5cm FFEAEQR}
E LIERACE

EE2GYoIA FISe AAPE T RS 5 (Table 7)
B A A= XAR: 0.027m, YAR:0.023m, 74
2:0.014m=Z BEAIET@AR= XAFE: 0.031m, Y4
21 0.029m, ZAE: 0.017mZE HSICE S22l
K| FI153H HAPEAE R8OIA] FIS5SH 2HETHO] @RR=
0.2cm~4.4cm FFAE QRS LIERACE

AH9] LT ES trackingsh= WM E B5H
S5 MAGIA] 2l AIEEIQ] #E0] ARE|QITE FH

[®pSis)

of L A= HiRIQH +=0] Q= eFEolA= ThalE

points and checkpoints of UAS(Unit: m)

P,c\’]ic':t X Y z
1 | 530331.982 | 167409.163 | 28.781
2 | 530432.205 | 167464.951 | 28343
GCPs | 3 | 530370.883 | 167551.569 | 28.032
4 | 530292802 | 167439.318 | 32301
5 | 530387.938 | 167444.872 |33.943
6 | 530378171 | 167505.766 | 51.443
< 7 | 530329.234 | 167473.034 |59.771
GNSS RTK W& 2| AIAH Al ALEst AFolA]

HR510] F71E01 o
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Table 9. Checkpoint Accuracy Comparison in 3D
Model Based on UAS(Unit : m)

Table 11. MAE AND RMSE of NTRIP Based
Low Cost Receiver in Address Information Facility
(Unit : m)

Tpe | ont X Y z
No NTRIP Based Low cost Receiver/ R8
6 |530378.171|167505.766 | 51.443 Point No X Y 7
cp
7 |530329.234 | 167473.034 | 59.771 6 -0.502 -0.232 0.101
Checkpointin| 6 |530378.196 | 167505.729| 51.478 7 0.187 0.167 0.065
3D Model | 7 |530329271167473.043| 59.783 8 0.008 0313 -0.103
. 0% 0037 003 9 -0.261 -0.306 0.151
ébsAoLl.Jte : : : 10 -0.007 0305 0344
eviation
7 0.037 0.009 0012 ” 0173 0212 0152
Ave. of STDEV +0.031 0023 | +0.025 MAE 0190 0256 0153
RMSE 0.187 0.193 0.131

43. TA™EEA|Eo| =gt

FARRALE T2l 68s AF510] T
g GNSS RTK EE &F] Alo" S4] 353,
TrimbleAlC] R8 4:A1710] BEXTEE H D AESA
L} E2HAEE 650 HP= A
F4A7191 R8g VIEReR Fatal
RTK 25 591 Al2E 7|8 513 715 4k HlaliA]
FACk,

=22 A0l R8 5241719} A7V Base, Rover T+
J(Table 10) BANRAR= X&E: 0.295m, Y&

I
I

Table 10. MAE AND RMSE of RTK and R8 in
Address Information Facility(Unit : m)

RTK(Base+Rover) / R8

Point No X Y YA

6 -0472 -0.197 -0.017
7 0.097 0.264 -0.011
8 0.200 0.216 -0.083
9 -0.358 -0.448 0.067
10 -0.016 0.375 -0.049
1 -0.332 -0.009 0.090

MAE 0.295 0.302 0.063

RMSE 0.216 0.213 0.045
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H: 0.302m, ZAE: 0.063mz, BoAlELAR= X
AE: 0.216m, YAE: 0.213m, ZA45: 0.045m= H]
- AT

TrimbleAtS] R8 42A417]9} NTRIPS R|¥5H= A7}
ZXE GNSS HE 9] =gk Table 11) Bod
DIRRR= XAR: 0.190m, YAR : 0.256m, ZA%:
0.153m, HoAlETAR=s XAE: 0.187Tm, YE&:
0.193m, Z&g%: 0.131mZ Hlul-2ACE E2Eet
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CHH'Y X7t GNSS =9 B E7|Ht RTK 0| 84 W7}

okl

OF Hlal-HESHL FAFHAIL RAKI'O] 2 v
Ots BASH Aut et 288 58 4= AT
AW, 88 THIE GNSS RTK B2E &9] Al~
g 71 HHEQ), sEERIE AAlskal 484417,
CE gie g80t 411E E46IitE 88, 88 &
Q9] Hik= QRIEHS} ¢i¥E Hotol] HEdh= A

o] 7ksotelet 7Itherh
S/, CEIE GNSS RTK & £€] AIAEI9) Base,
Rover7d1} X7} NTRIP 74 =HEOF 2Fs0
= HEEA]0ICY Base, Rover T3 QHILIQE 4241
71 €670 0519 71A 0= EE0] 7Fsakal W9
QIEUl ¢3do] EQglol ARgol goleith. A7t
NTRIP T+A& €53, €200 0la} 7FATHQ] 4241719}
5G 7]dre] Qr=20|E B0 QXA it S8 =
€2000]5}0] AP ES E&dlo] 20| 7Fsalth
A84417] thH] o i ko] S840] AsZiole)
CHEIT]
AR, FAEEAVL] = AtollA] 2§ st o
E

oS
AL RTK(Base, Rover) 731} A&441719] HwAl
F2QAR= XAR: 0.216m, YAR: 0.213m, ZAR:
0.045m= HIWASEACE. NTRIPE Al@5H= A7}
ZA] GNSS BE 1 48741719 HeAlEE R
A= XEE: 0.187m, Y 0.193m, ZA&: 0.131m
2 LIERATE FAFRAE S E2HEAH 970] A
RLIRZE GO JOH, 7I2E, 1ShSs, B2

7] S RF50 Axlshe A0E Eateh Urk T

;

l..

AHREANE & RFS0 ARIE AV RIS}
Qo KA FFE Al 22 RFE9 4
TEE ofHe] IXERE FISaloof oith. AFs
2 A9d E571%0 oo a2 E5olo] HRlst
5 86t FAFEANELO] ARE RIFs9] ¢
o] Hr| 222 A50] 9F 21cm~2F35cm HLEE
SIZZTAIRS] #HHto] Qs B QAP 2ok Z1e
2 DL FAFEANEO] HRIE XFEs0] 9

A 1A2ES S 2 nEAEE TR EE] 14
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