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ABSTRACT

Precise Point Positioning-Real Time Kinematic (PPP-RTK) is a high accuracy positioning method that combines RTK and PPP

to overcome the limitations on service coverage of RTK and convergence time of PPP. PPP-RTK provides correction data in the

form of State Space Representation (SSR), unlike RTK, which provides measurement-based Observation Space Representation

(OSR). Due to this, PPP-RTK has an advantage that it can transmit less data than RTK. So, recently, several techniques for

PPP-RTK have been proposed. However, in order to utilize PPP-RTK techniques, performance analysis of these in a real

environment is essential. In this paper, we implement the local network PPP-RTK and analyze the positioning performance

according to the distance within 100 km from the reference station in Korea. As results of experiment, the horizontal and

vertical 95% errors of local network PPP-RTK were 6.25 cm and 5.86 cm or less, respectively.
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2. NETWORK PPP—-RTK
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3. PERFORMANCE ANAYSIS OF LOCAL
NETWORK PPP—-RTK
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Fig. 1. Test environment for performance analysis of network PPP-RTK.

A7 A2 2= A=A TEst7] Hsf Bl& BlAE (ratio
test) = YAGS 302 A7 ste] FYsIoict

3.2 2Z HIEQI3 PPP-RTK &9l 45 &4

o

R
[

52 GPS S|t BYPRE B5 £AI6190S
715, dgaliet gsllE B 3
274 Y EY 3T 7|8t PPP-RTKS} single RTK 7|# o] w}&
R 2 QI £ W A S exfof| thgt dejzo
Table 12 13- 7|&=to] M5 BAHYRE AMSS %
F7 23 Q1A 7E=e] S Aol gt % 4 %
9] R95 7k} u| x| 4 A7 &of| thgh ot

A4 718 &) 23, Proposede] 4275 W 2] R95 O X}=
Z+z} 2.58 c¢cm, 3.53 cmZ, Method 1, 22] ZAx}Q} v sto] 43
22b= 1 om He]e] 2po| & Bl om, 2] 9 XH= ZF7} 1.64 cm,
2.18 cm FASIATE G371 71E=-2] 74 Proposede] % U 4~
2] R95 @ x}= 747} 395 cm, 507 cmZ, 44K} vl w5ke] @217}
7kl o, 83t 42 R95 @xp7F B 5 cm Wele] &4
A5S B9tk T35 Method 1, 2 tH] 48 29] 9 2}7} k2 2.5
cm, 1 cm, 43 Z9] 9217} zkzt 2.5 cm, 2 cm7FEF ZHAsgiTh
A 712=9] 7 Proposed] 4+ & & R95 Q@ XH= 6.25
cm, 5.86 cm=, £ 9] FE Lo ¢lo] 24171 Method 1 thH]
1.02 cm 7FA5He o1} Method 2 thH] 0.97 cm &7t} 42
=2] ©2}= Proposed”} Method 1, 2 thH] 2.34 cm oA} A5}
St

59 el mhE mAg 4 2 &2 A4kl 49 Proposed
66.9%, Method 1 92.7% 18] 3. Method 2 94.9%, Zx2] HS
A]4re] 739 Proposed 39.6%, Method 1 74.0% L8] 311 Method
2 77.3%, 21 2] 732 Proposed 251%, Method 1 32.3% 18]
Method 2 33.2%%it}. Aubd o2 Ag|7} Z715h] ule) Al 7}
A W BE )2y Aol FAsiglon, BE ARA
Method 2 > Method 1 > Proposed £=0 2 n|x|3 4 AAEo] &=
¢rch. PPP-RTKZ} RTK thH] v]z]g 4= AA-go] Wekoni, RTK
o] A& AR H}Alof| wle} Fix and Hold’ H}4lo] ‘Continuous’ tiH]

‘{n [oZ A
ket
i)
0
ok
38,
£
e
aQ
w1
v
N
e
_>f'_‘ N
s
> X

1o
x o
2K

to
)

http://www.ipnt.or.kr



266 JPNT 11(4), 263-268 (2022)

50 0.5 T
+ Network PPP-RTK| + Network PPP-RTK|
RTK continuous RTK continuous
40 ‘ - RTK fix&hold 04 - RTK fix&hold
30 03 ~
20 02 b
10 0.1 >1
£ =
c o " »” = K E e -
£~ 3 [Povmas
-10 -01
-20 02r -
-30 -0.3
-40 -0.4 4
-50 . 05 L L L L
-50 -40 -30 -20 -10 0 10 20 30 40 50 00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:.00 24:00
East(cm) Time
Fig. 2. Positioning errors of PPP-RTK and RTK for SEOS user: (left) horizontal, (right) vertical.
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Fig. 3. Positioning errors of PPP-RTK and RTK for DANJ user: (left) horizontal, (right) vertical.
50 1 0.5 T T T T T
+ Network PPP-RTK| - Network PPP-RTK|
RTK continuous * RTK continuous
40 - RTKfixghold |7 04r - RTK fix&hold L
30 0.3}
0.2 -
0.1 -
€
a 9 e i
=) SN - ~ |
-0.1
-0.2 A
03 -
0.4
-50 = 05 L . v .
-50 -40 -30 -20 -10 0 10 20 30 40 50 00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 24:.00
East (cm) Time
Fig. 4. Positioning errors of PPP-RTK and RTK for INCH user: (left) horizontal, (right) vertical.
Table 1. Results of position estimation using dual-frequency GPS measurements.
Method Ambiguity SEOS DAN]J INCH
resolution  Horiz.(cm) Vert.(cm) Fixrate(%) Horiz(cm) Vert.(cm) Fixrate(%) Horiz.(cm) Vert.(cm) Fixrate (%)
Network PPP-RTK  Continuous 2.58 3.53 66.9 3.95 5.07 39.6 6.25 5.86 25.1
RTK Continuous 2.50 5.71 92.7 6.40 7.58 74.0 7.27 8.58 32.3
Fix and hold 1.87 5.17 94.9 491 6.96 773 5.28 8.20 33.2
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