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ABSTRACT

The need for precise location data is growing across numerous markets, and so is the number of affordable high-precision GPS
receivers. In this paper, we validated the performance of RTAP2U, a low-cost high-precision RTK receiver that was recently
released. Two positioning modes were tested: static and driving. The static test conducted Zero-Baseline Single-RTK and
Network-RTK survey for 57 hours and 51 hours, respectively. For the driving test, Network-RTK survey was conducted using
VRS services provided by NGII based on Trimble PIVOT and Geo++ GNSMART. The static test showed about 1 cm horizontal
and vertical accuracies, which is very stable considering the test duration longer than 50 hours. The integer ambiguity FIX rate
marked a solid 100%. The driving test result also reached a 100% FIX rate. Horizontal and vertical accuracies were better than 2 cm
and 3 cm, respectively. Researchers can refer to this paper when considering affordable high-precision GPS receivers as an

option.
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Table 1. RTAP2U specification.

Description

184
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10 GB internal memory
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1/O interface 0.01 m + 1 ppm CEP, Init<10s
Size USB, Bluetooth, Wi-Fi, 4 LEDs

. 80x69x36 mm

Weight 160g

=
1A% Pl o RTK 44171 0] B Al
SR, 2% QRIMAHA A% 5 e A8AE By
He BofollAl 71 o] Aust Hat2 1y 91214
22 4 Sl KIK el7] SSA A Bls] et

et al, 2017, Yee et al. 2018). T}oFat Holol| 4] BEA t}
2] AAS Ao 2 RTK A4171% 280} o120 2]
Q

]

> 32 jo
o O mn fru >
o Ol oft,

—
5

o] oLREkE 913140 ot HRHsh by vl 3

B ERolAL 22 248 A7l 24 RTK T
RTAP2US thf0 2 4% H7HE AAIska 1 2ake Alatc,
A55H71E Y8l % 2 42 Root Mean Square (RMS) @2}=
A e Grlo] A T2 A]._Q_»o— 31 FIX H]&-& oA Hrle] &
2 AL519Ih WA RTAP2U £417] Al 9 54, 54 2] 5
ofl sl Adrgrict. 1 AF] s HIFE sk AT HA
S0 HAE 2 Aol 33 HAE {F o] tsto] 7] &Rl

2. RTAP2U 417|

RTAP2UL 2ol 418 @354l ol 5% Multi-
GNSS RTK 4-417]0]c}. 718] RTK 441715 ]s) 2717} %
3 b S, A OR FAsH: Aol S oItk AT AR}

9 £, 293 54 el ket 2k
21 M2 Y B

RTAP2U: u-blox®] ZED-F9P R Eo] ErajE o] glomn],
u-blox ZED-F9P BE-2] 2t8 47| R E3) RTK 237} £
et u-blox YAE 7|9ko 2 sh= Zilr‘ 17] el YAl A
5% 71802 8 QAT AEER Shudle] 2 sol
A2 71go] thE 7] wigef olof mat AS A1 ZHE, F41 QF
d Tl Z2Hd 4 Ut} RTAP2US] 7]22Q] AFFS Table 1
UEeRA vie} Tt} YJHHAIAE & GPS, GLObal NAvigation
Satellite System (GLONASS), Galileo, BeiDou, Quasi-Zenith
Satellite System (QZSS)E o] 85k 4= ¢lon & 1847} S A

https://doi.org/10.11003/JPNT.2021.10.1.67

Fig. 1. Pictures of RTAP2U and AMOTECH antenna.

3k, o] fat ATYAIAE Aao] we} Dt 25 A
o 20 Hz7}A] Qix]&A o] 7155k, RTKS} Virtual Reference
Station (VRS), Flachen Korrektur Parameter (FKP), Master-
Auxiliary Concept (MAC)-S Z3}5l= Network-RTK &7} 7}
55t 29 A$l2 = 0.01 m + 1 ppm Circular Error Probability
(CEP)o]n, 2718} AIZHE 102 o]fo]c}. 4+417] Z7)= 80x69x
36 mm, FAL 160 g0 2 7129] 52|53 § RTK 417]9] Hl3)
498}, A%} Ho] 9t} Fig. 12 o] ATl Al WIS 9
of) ARE-3F RTAP2U 42417] 9 QFef|Lto|ct, OPEﬂL}h AMOTECH
Multi-band Active GNSS AntennaZ o]ZFu}t4 Al 4=4l0] 7}
s5it,

2.2 % Hg|
RTAP2UE Wi-Fi& E3) Radio Technical Commission for

Maritime service (RTCM) 3jA1o] HAYA HE £A15}0] 4~417] 9]
222 J9s}A AFE3Ic) RTK £9]0] A9= RAYRE EX

=
7]&3& 0 2 HE| 441511, Network-RTK &¢]o] A= 244
HE ATl 2o 22 E] 2415k} Network-RTK B A
H QA SEA A BYA £E 2 AlF5har ok

RTAP2U: €1l QlE|H|o] A S E3) 71hslA] 2:417] 43 A
Bal7h shsshe, A, 454, 9T, 29104t
H 58 3915 4 ¢lond The National Marine Electronics
Association (NMEA) @Alo 2 E¥ELE XA B E A st
AR $41719] 9131 BHIE 4 9lct.

3. RTAP2U ¥ &7t

RTAP2US] A% Hr= AR Z9 HAES 33 glAER L
Bato] Wayslolck HR S HlAEe] A HUHES <11 9
£ ANBELE dAOR AR HAEE Ak 05 &
sl 5915 Al AlF2] E4F A S Eelsielth =Rt 2
T EIAES] A9 AU SASHE 417194 A 2 H]
AE F5l 54 el 59 A5 H S HoksIgich
3.1 dX| HIAE

SRl 1A% 305 A& oY
SYLAAAIGAE AT S/l A2 71E=(PPDP) 12



10
5
E
=)
= 0
z,
<
-5
-10 ' : :
-10 -5 0 5 10
AE (em)

Fig. 2. Horizontal accuracy of the static Zero-Baseline Single-RTK test.
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Fig. 3. Horizontal accuracy of the static Network-RTK test.

Table 2. Ratios of positioning modes from the Network-RTK static test.

Mode Rate (%)
FIX 99.66
FLOAT 0
DGPS 0.01
SPP 0.33
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Table 3. RMSE (cm) and FIX rate (%) of static tests.

Type H \4 3D  FiXrate
Single-RTK (Zero-Baseline) 0.4 0.6 0.8 100
Network-RTK 1.2 14 1.8 99.7

end
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Fig. 5. Setup of test equipment for the driving test.
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Fig. 6. Visual comparison of obtained positions from the driving test #1.
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Fig. 7. Horizontal accuracy of the driving test #1.
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Table4. RMSE (cm) and FIX rate (%) of driving tests.

VRS type H \Y 3D  FIXrate
Test 1 PIVOT 1.9 3.1 3.6 100
Test2 GNSMART 1.6 1.2 2.0 100
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Fig. 9. Horizontal and vertical error histogram of two sets of the static test.
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Fig. 10. Horizontal accuracy of two sets of the driving test.
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