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ABSTRACT

For precise GNSS applications, the antenna phase center correction (PCC) is absolutely required. The PCC magnitude can
reach the centimeter level with the antenna structure. In the present study, we first investigate the phase center offset (PCO)
and phase center variation (PCO) of three different antenna models in two different reference frames, IGS08/igs08.atx and
1GS14/igsl4.atx. Clear L1 and L2 PCO differences were found between IGS08 and IGS14. In addition, the PCV showed
characteristics that is dependent upon the signal direction (azimuth and elevation angle). The remarkable thing is that the
changes of a Dorne Margolin choke-ring antenna model (AOAD/MT DOME) was very small in two reference frames. In order
to analyze changes in positions according to different reference systems, GNSS data obtained from DAE], SUWN, and TSKB
stations were processed by the precise point positioning (PPP) method. We suggest that an antenna PCO/PCV can affect the
precise GNSS positioning on the order of several millimeters in two different reference frames.
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1. INTRODUCTION 21 T1, T2, T37} 2+2F 16, 1.9, 2.4 mm BHE9] Xpo] 7} HhAY T
L35} 2] 3L9] 3JAFT 7] (Scale)of| = -0.02x10 " (parts per billion)<]

International GNSS Service (IGS)+ 2017 1 29¢) (GPS
week 1934)of] IGSI42} S2]= MEL 7|EA1E A (Dow
et al. 2009, Figurski & Nykiel 2017). ©|¢} =A]of] GNSS £JAd 1}k
A4 Qrelute] e goldef thgh AIALE T EA AlF= S
. IGSE floll d5% A8 718 7|24 1GS08/igs08.atxe]]
A 2L 712A1Q IGS4/igsld.atx 2 AA S Tgsich 28
71EA19] =92 GNSS QFeELhe] 91454l 54l (phase center
offsets, PCO)3} YJAF=A] M= (phase center variations, PCV)o]|
H351E 7l 2o} IGS080]|A] IGSI4E B =W A] 2] 7Lo] 2
17 o] ¥ig} (Translation, T), & $A4% o 2K E 37 2] W3R
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zto]7} Q1Siet. PCO+= ¢FEU 714 (antenna reference point,
ARP)O ZHE|S] $41& 123 PCVE 9149 YAt 5o mhe
QHEL} F4l0] WES ofnldic

HUGEZY B AT S o)A eLte] PCOs
PCVE 15k grom SHusle] = 9xp} w4 glrk
(Mader 1999). IGS #|-3-5l+= Antenna Exchange (ANTEX) 1}
2 GNSS 9143} +417]19] Fatap PCOSL PCV H RS X35}
I Qlch. TERF GNSS $dak= g 2449 Qv GPS (GO,
G02)¢} GLONASS (RO1, R02) §JA Al S of| tish A Bt Al3-H ok

GNSS ¢t Lre] PCOL} PCVE At (relative)e} At
(absolute) | Heo]d B4l 0 8 i Eo] AL Uik o
2 A3 gt e eol4d whAl Dome Margolin 23 <
gt} E}9] (AOAD/M_T)& 7|& QL) (reference antenna)=
AAslto] 91449 PAatalZo} Bigko]l mE At PCV ZhHE 24
gich whH Aoy Qreu; e Hglo]d WAL HE 9] 7]& Qb

2 Wa2 5hx) gtk o WAL Qe ElAES 95 23
(Wiibbena et al. 2000) =& HEle} XFo] 47} T =& AdA
S} EHESEA] (anechoic chamber) (Zeimetz & Kuhlmann 2006)-2-

http://www.ipnt.orkr Print ISSN:2288-8187 Online ISSN: 2289-0866



84 JPNT 11(2), 83-89 (2022)

Fig. 1. PCC conceptual diagram with incoming signal.
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2. METHOD

GNSS 913} IGSel] F4] 552 $417]©] PCOS}PCV k2
ANTEX &40 2 AZ= 3 9k PCV Zhe ukelzk (0°~ 360°)
T A7} (0~ 90)0.2 o] 2oj7l AXFEE AFo] Hek. 94
9] QFE|lLE PCO= $1/3 <] FAI5A4] (center of mass)oll THRF QHE]|
U SEAL Y 912 A olEinh. ¥h 441 QL PCO Qhe]
U} ARPO] tHEF SIAFEAIS] RIS 33 A0 O
t} (Montenbruck et al. 2017).

2139 ¢t a e P45 7F A& oHE A (nading} ¥
ozto = A4E uf SAFA) AHe Wl AT Fig. 1
QA A S0 TS YJAFEA] B A (phase center corrections,
PCO)S MgH 0.2 THT Zolck, wheba] PCCE A] 13} o]
PCO%} PCVE] 32 FALCH (Wilbbena et al. 1996).

PCC(a*,z*) = PCO - e(a¥,z*) + PCV(a¥, z¥) (1)

e(a*, z*) = {sin(z*) - cos(a®), sin(z¥) - cos(a®), cos(z¥)} (2)

o716l a0} 2= GNSS 9] Wizt g ztola, 6= 94
T} AR L] A|AARESF THHE] RO 2 A
21 k= EA GNSS A& oju|sit},

PCVE 293} 22 EoA 10 mm7bz] =g 4 Qe
Dilssner et al. (2008)& PCVo]| 2J5F AU =2 o x}7} 3} 4~
2eFoll A Zkzt 2 mme} 4 mmE 21| erhal B e

3 15E F9E Ao Hrks 3 AodolA o 2 oxjw 2g

r°1
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Table 1. GPS satellite antenna PCO values (unit: meter).

GPS igs08.atx (G01/G02) igs14.atx (G01/G02)

PRN| North East Up North East Up
01 0.3940 0 1.5013 0.3940 0 1.5018
02 0 0 0.7286 0.0013 -0.0011 0.7288
03 0.3940 0 1.6000 0.3940 0 1.5506
04 0 0 0 0 0 0
05 0 0 0.8226 -0.0030 -0.0003 0.7780
06 0.3940 0 1.6000 0.3940 0 1.4670
07 0 0 0.8529 -0.0004 0.0050 0.8224
08 0.3940 0 1.6000 0.3940 0 1.5014
09 0.3940 0 1.6000 0.3940 0 1.5226
10 0.3940 0 1.6000 0.3940 0 1.5151
11 0 0 1.1413 -0.0007 -0.0012 1.1178
12 0 0 0.8408 0.0102 -0.0056 0.7678
13 0 0 1.3895 -0.0024 -0.0016 1.3483
14 0 0 1.3454 -0.0025 -0.0017 1.3045
15 0 0 0.6811 0.0045 0.0019 0.6228
16 0 0 1.5064 0.0126 -0.0069 1.4687
17 0 0 0.8271 0.0030 0.0010 0.7709
18 0 0 1.2909 0.0139 0.0003 1.2486
19 0 0 0.8496 0.0086 -0.0006 0.8082
20 0 0 1.3436 0.0010 -0.0032 1.3135
21 0 0 1.4054 -0.0034 0.0029 1.3591
22 0 0 0.9058 -0.0022 0.0022 0.8506
23 0 0 0.8082 0.0154 0.0068 0.7661
24 0.3940 0 1.6000 0.3940 0 1.4071
25 0.3940 0 1.5973 0.3940 0 1.5174
26 0.3940 0 1.6000 0.3940 0 1.5035
27 0.3940 0 1.6000 0.3940 0 1.5223
28 0 0 1.0428 0.0014 0.0047 0.9995
29 0 0 0.8571 0.0109 -0.0045 0.7918
30 0.3940 0 1.6000 0.3940 0 1.5221
31 0 0 0.9714 -0.0008 0.0058 0.9125
32 0.2790 0 27772 0.2790 0 2.7208

Fhs 21 BTt o] AL Shel Uil welo] ik L,

TEE, AR 7Y, 223 tH R oAt 3 2 o

L2150 PCCof FFE & o AUtk

3. PCO AND PCV ANALYSIS

3.1 GPS satellite antenna PCO

Table 12> GPS 914 Qtef|Lte] PCO gha m THel= yEbA A
oltt. FAHE ME T TIEACNA AlEshe 4 SrElvel o
¢ PCO #t= o7 a3t 5dw7F (North, East)o]] W] 315
H}sk (up)e] PCO Zro]l At o g2 2 AL & 4 glth E4 94

Ol

o] Aol mEHkgke] {Alo] 27 m 4 <>ﬂ = MR o
Fig. 204 & 4= Ql%0] 7|EAe] HElR Qs L =rRgF AJfol
= 15}ly] gt} E3], GPS PRN 24 9] 7 Sof= T HisF A8
oA 2 19.29 cmo] x}o|E Ko gt} Ao} FEEF

o]
AR ™ o2 2F2 2 cm o[5}e] Xlo]& H]lrt.
3.2 Receiver antenna PCO and PCV

71&A Wstel] mhE 41 QFELte] PCOSE PCV Zhe) po]
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Fig. 2. PCO differences for GPS satellite antennas between igs08.atx and
igs14.atx.
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Fig. 3. The positions for three GNSS reference stations.

Table 2. GPS receiver antenna PCO with the antenna type and frequency (unit: mm).

Site Antenna type Frequency

igs08.atx (N, E, U)

igsl4.atx (N, E, U) Diff. (igs08-igs14)

DAE] TRMS59800.00 SCIS Go1 032

0.71
G02 0.15 -0.21

86.70 | 0.66 0.19 86,54 | -034 052 0.16

11942 | 0.14 -0.15 11588 | 0.01 -0.06 3.54

UWN G01 0.45 89.81 | 1.04 0.70 8951 [ -059 032 030
S TRM59800.80 NONE G02 -0.04 120.03 | 0.12 0.00 117.13| -0.16 -0.35 2.90

GO1 0.58 91.85 | 0.66 -0.53 91.84 [ 008 0.16 0.01
TSKB AOAD/M_T DOME G02 -0.08 120.35 | -0.29 -0.66 120.35| 0.21  0.07  0.00

TRMS9800.00 SCIS

TRM59800.80 NONE

ADADIM T DOME
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Fig.4. GPSL1/L2 PCV differences both IGS14/igs14.atx and IGS08/igs08.atx: (a) DAEJ, (b) SUWN, and (c) TSKB. The small circles in each panel represent the

satellite positions with an elevation angle and azimuth.
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Fig.5. GPSL1/L2 PCV changes and their differences both 1GS14/igs14.atx and 1GS08/igs08.atx: (a-b) DAEJ, (c-d) SUWN, and (e-f) TSKB.
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Fig. 6. Position differences for three GNSS reference stations using two different reference system IGS08 and 1GS14: (a) DAEJ, (b) SUWN, and (c) TSKB.

DAEJ SUWN TSKB
g | SVantennaonly I GS08 - 1GS14 T L F—— [IGso8 - 1GS14] £ | sVantennaonly [EiGs08 - 1GS14] |
< Rrvs: 0.12 cm 8 RMs: 0.20 cm = RMs: 0.11 cm
B 0 g T —— R T —— ® 0 g g ——— | B0 e —————
w S w
< p a

-1 -1 -1

1 =1 -
5 § g
= RMs: 0.24 cm = RMs: 0.27 cm = RMs: 0.16 cm
§ L L L e DL L E NIRRT W g 0 EEEEEEE EEEE
<

El <4 = -1

1 1
£ § E
g RMs: 0.19 cm < % RMs: 0.25 cm S Rvs: 0.13 em

= ™ -

2 O EeEE==gEEE=E=sgEegEE = === S5 ETEEEgpEesgEasiEpjEEeepEaEsT ¥ o 0 gwwege
< < <

A ; ; A ; -1 3

0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Jan. 2016 Jan. 2016 Jan. 2016
(a) DAEJ (b) SUWN (c) TSKB
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DAEJ, (b) SUWN, and (c) TSKB.

Table 3. .Position differences for three GNSS reference stations on two

different reference system 1GS08 and IGS14 (unit: cm).
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15} 913 el PCOS} PCVELS A gat0] Hu 9]o) Wizl %*4

kS = o] ZH|H o8 ARy

. Position differences (igs08-igs14) 103 N olid o] o

Site SV antenna only SV + Ground antenna Stalet. Flgo AR oq—_ 7IEACIA GPS 14 j el PC
DAE] 012 024 019 | 019 031 0.24 o} PCVRES HE3E o] Edd FES9] Hgte HojF ‘3»\
SUWN 0.20 0.27 0.25 0.20 0.29 0.27 t}. Figs.7a-c= Z+z+ DAE], SUWN, 18] 11 TSKB 7|&=+2] Ay
TSKB 011 016 0.3 0.11 0.16 0.13 Zol5) Wislo|th 18] 1 20164 14 3F Eotke] RMS ZHe 3H7|
37]|3ct. Table 32 Figs. 63t 7ol 4] A|AH $x|Ws) ZtES &
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4. CONCLUSIONS
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