P EHERR Fwt A F—H RE 109.05
JOURNAL OF C.C.I.T., VOL.49, NO.1, MAY., 2020

BB EMABLEYGPSEYERBEEZLE

hEE RWE
B s REWH 2 A

#n %

TR BIEAREN S SIAREBA TR A RE(,) AR ESE (1)
RINEX_HO STE GPS Bl v ey, » BRI, 9=k £45(AVI,) » BIFEFAVI SR E A4 E
EER 4 0 (2)#] A Bernese 5.2 0 5 B ¥ 2B, AT ~ 42X GPS BB E AT AGLME > IR
I, if%@%ﬁaé’a 5% o ﬂﬁa 2009 #2] 2015 £ 4 & 5 B4 2 38 43609 GPS BRI -
SR HR (DAV], eMERARAALREER EMmEAY » AV, AT REZH] 9.70mm ; (2)
I, N EG e eeE E@%%%FF BA e WA FRABRAFR REAM > ZREE],
TEAAGRERE Oy 0 KE 365km oy KRG H R AT A 246 B 1 NERuy oy 18 0 A B
3.20mm ~ 6.26mm & 12.47mm -

BsEss) : K2 F -~ 2R MALK - AHEM s —RE0 - EHE

5
ek
5
%
W

The Higher Order Ionospheric Delays Effect on the Accuracy
of GPS Relative Positioning

Lao-Sheng Lin" and Yi-Hao Yan

The Department of Land Economics, National Chengchi University

ABSTRACT

The second-order and third-order ionospheric delays are denoted as higher-order ionospheric
delays (7, ). The main goals of this work include: (1) Using RINEX HO to compute /, on the

GPS L1/L2 data and the double differences of 7, of each baseline (AVI/, ). Then, study the
relationship betweenAV/, and the baseline length, etc. (2) The software Bernese 5.2 is used to
process the GPS relative positioning, both with and without considering the 7, correction. The

GPS data from 5 satellite tracking stations in the region of Taiwan from the years 2009 to 2015 will
be used as test data. According to the test results: (1) The values of AV, depend on the baseline

length, etc. AV/, can reach 9.70mm. (2) The effects of 7, on GPS baseline solution ( 5y ) depend
on baseline length, etc. The corresponding maximum 8y of 24h (hours), 6h and 1h observation times
with 365km baseline length are 3.20mm ~ 6.26mm and 12.47mm respectively.

Keywords: sun spot, global positioning system (GPS), relative positioning, double difference,
higher-order ionospheric delay
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Season | Length | Min(mm) | Max(mm) | Mean(mm) | o(mm) | Length | Min(mm) | Max(mm) | Mean(mm) | o(mm)
Spring 493 512 0.04 123 9.97 9.70 20.12 2.16
Summer | | 0.97 1.00 0.01 025 | 2.97 3.04 -0.05 0.83
Autumn | 008 422 3.56 0.05 097 ong 7.20 735 0.10 1.59
Winter 3.49 333 0.00 0.66 722 722 0.10 1.70
Spring 3.14 324 0.03 0.69 -6.36 558 -0.05 127
Summer i -0.74 0.69 0.00 0.16 i 220 1.98 20.03 0.55
Autumn | ™ 3.05 267 0.02 0.64 my 4.05 456 0.02 0.94
Winter 1.94 2.08 20.01 036 -4.88 454 0.03 0.99
Spring 0.77 0.81 0.01 0.20 172 172 20.02 035
Summer | 20.20 021 0.00 0.05 hort 0.47 041 20.01 0.13
Autumn | StOT -0.58 051 0.00 0.13 | Smor 128 136 0.01 028
Winter 20.72 0.72 0.00 0.15 117 1.08 0.01 0.29
) 2. 1, H AR QNP ECRE K&k B/ A& R/24hr #7)
Time Baseline Length(km) 0X (mm) oY (mm) 0Z (mm) Oy (mm)
2010/3/22 long 365.24 -1.16 2.15 1.10 2.68
LHEE mid 217.76 -0.81 2.09 0.56 2.31
24hr short 77.39 -0.39 0.14 -0.03 0.42
2014/3/22 long 365.24 -1.05 -1.69 251 3.20
LHEE mid 217.76 -0.23 -1.86 -1.27 2.26
24hr short 77.39 0.35 -1.12 -1.07 1.59
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2010 Baseline Length(km) oX (mm) oY (mm) 6Z (mm) Oy (mm)
FY long 365.24 -1.16 2.15 1.1 2.68
1 long 365.24 0.38 1.18 0.44 1.32
#* long 365.24 2.69 0.92 1.56 3.24
% long 365.24 -0.35 0.64 0.30 0.79
% mid 217.76 -0.81 2.09 0.56 231
i mid 217.76 0.00 0.32 0.17 0.36
#* mid 217.76 0.14 -1.72 -0.92 1.96
% mid 217.76 0.02 -0.09 0.10 0.14
% short 77.39 -0.39 -0.14 -0.03 0.42
) 1 short 77.39 0.17 0.31 0.09 0.36
#* short 77.39 -1.40 1.15 1.14 2.14
% short 77.39 0.01 0.22 0.09 0.24
k4 I, »FREBRAFHTHEAGQGENBE
Time Baseline Length(km) 00X (mm) oY (mm) 6Z (mm) Oy (mm)
2011/3/22 24hr long 365.24 -1.05 -1.69 251 3.20
EHE 6hr long 365.24 -4.40 4.14 1.64 6.26
1hr long 365.24 111 12.18 2.43 12.47
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2009 54%

47%

42% 56%

2010 62%

46%

62% 63%

2011 53%

54%

55% 52%

2012 52%

53%

51% 51%

2013 55%

49%

59% 59%

2014 51%

54%

51% 56%

2015 43%

50%

56% 47%
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3. BHFEBATREEGG AN BRI LS
hE
* 7 % 2009~2015 [ & & ZAAf B
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L) KRB A 21%~T76%2 [ » BE 2 M
RrAg B ARt fp) 3t A BAMAE > B & FE 2 B
B4R I P ) b B A SR RAE

B b3 ¥T 4o BRIy 4% 3E I AT A A R AT AE
PRI R 0 B A R R e 8 K
MES ~ R b B

4.3.2 & FREBIEI S 6 R AAF AR
FH b 4 %

% 8 % 2009~2015 £ 4 EWEREFH H)
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FEA—BLERAMY 0 AE & A R R
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# 6.2009~2015 F &8 35 R 5] 5 g A A B 4% A+ 2 b fs]

FLNM AN AE AU AP TMAM AN AE AU AP
2009 53% 47% 53% 58% 2009 50% 43% 36% 50%
2010 61% 39% 64% 54% 2010 61% 50% 57% 71%
2011 46% 57% 50% 50% 2011 64% 32% 57% 57%
2012 64% 57% 57% 68% 2012 57% 46% 54% 43%
2013 40% 44% 68% 44% 2013 52% 48% 44% 52%
2014 43% 50% 57% 57% 2014 57% 75% 46% 57%
2015 36% 54% 57% 43% 2015 43% 50% 57% 36%

KDNM AN AE AU AP YMSM AN AE AU AP
2009 54% 46% 35% 50% 2009 57% 43% 57% 62%
2010 52% 44% 52% 52% 2010 64% 46% 1% 1%
2011 54% 57% 61% 46% 2011 46% 57% 46% 54%
2012 39% 61% 54% 43% 2012 61% 50% 54% 54%
2013 52% 60% 64% 64% 2013 59% 41% 63% 63%
2014 57% 68% 43% 57% 2014 50% 46% 54% 57%
2015 52% 48% 76% 71% 2015 50% 46% 46% 43%

PKGM AN AE AU AP
2009 59% 55% 36% 64%

2010 74% 48% 63% 67%
2011 54% 64% 61% 54%
2012 39% 50% 39% 46%
2013 74% 56% 59% 74%
2014 50% 32% 54% 50%
2015 36% 54% 50% 46%
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& AN AE AU AP #* AN AE AU AP
2009 63% 42% 42% 50% 2009 49% 51% 51% 63%
2010 51% 34% 49% 49% 2010 63% 57% 69% 69%
2011 51% 60% 63% 57% 2011 40% 51% 57% 43%
2012 46% 54% 49% 46% 2012 63% 63% 57% 54%
2013 49% 60% 51% 57% 2013 63% 59% 75% 72%
2014 43% 49% 54% 46% 2014 63% 63% 60% 69%
2015 51% 60% 63% 57% 2015 40% 51% 57% 43%

2 AN AE AU AP ES AN AE AU AP
2009 50% 39% 32% 39% 2009 52% 45% 36% 61%
2010 59% 71% 53% 62% 2010 76% 21% 76% 74%
2011 63% 54% 57% 60% 2011 57% 49% 43% 49%
2012 51% 43% 51% 51% 2012 49% 51% 49% 51%
2013 58% 42% 55% 65% 2013 51% 34% 54% 43%
2014 57% 54% 60% 66% 2014 43% 51% 29% 43%
2015 63% 54% 57% 60% 2015 57% 49% 43% 49%

% 8.2009~2015 4 & B 3& R ] & o) ALAE E 4%

F+ 2 tofp] (6hr %)
B AN AE AU AP
2009 49% 69% 60% 54%
2010 55% 63% 55% 60%
2011 54% 68% 49% 55%
2012 61% 78% 55% 68%
2013 48% 66% 53% 59%
2014 51% 55% 24% 45%
2015 52% 42% 33% 51%
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=33 AN AE AU AP
2009 51% 49% 48% 51%
2010 48% 53% 55% 53%
2011 48% 54% 49% 50%
2012 51% 64% 53% 55%
2013 47% 52% 51% 49%
2014 48% 51% 43% 42%
2015 47% 47% 39% 46%
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