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ABSTRACT

During extreme ionospheric storms, anomalous ionospheric delays and gradients could
cause potential integrity threats to users of GNSS (Global Navigation Satellite System)
augmentation systems. GNSS augmentation ground facilities must monitor these
ionospheric anomalies defined by a threat model and alarm the users of safely-of-life
applications within time-to-alerts. Because the ionospheric anomaly threat model is
developed using data collected from GNSS reference stations, the use of poor-quality data
can degrade the performance of the threat model. As the total number of stations
increases, the number of station with poor GNSS data quality also increases. This paper
analyzes the quality of data collected from Korean GPS reference stations using
comprehensive GNSS data quality check algorithms. The results show that the range of
good and poor qualities varies noticeably for each quality parameter. Especially erroneous
ionospheric delay and gradients estimates are produced due to poor quality data. The
results obtained in this study should be a basis for determining GPS data quality criteria
in the development of ionospheric threat models.
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Table 1. Data Quality Information for Station DANG on 19 June 2004
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Date 19 June 2004 |OIO[E{Z} &= Ext
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yP 4000SS|
Unknown
Antenna type External
Possible observations (> 10 deg) 22951 &S AIZLE sl 2 F Jhss Hlole i
L1/L2 2=t gt&n fole7F AXZ == o
Complete observations (> 10 deg) 22387 / N bekSm Hol& 7t | |
olg 7=
Complete observation ossible observation) x
Percentage of observations 98 (%) (1 0 P /P )
Mean of SNR on L1 (> 10 deg) N/A L1 Z=2| SNR(Signal to Noise) &4t
Mean of SNR on L2 (> 10 deg) N/A L2 ZE2| SNR(Signal to Noise) H -zt
. &t AZEEoH ZE [MolAM LMSH = 0D
# of 10D slips (> 10.0 deg) 46 Ao|Z 220 Ha
. ZESH AZESe ZE Mol HMSH B MP A
# of MP slips (> 10.0 deg) 16 olz 220 A4
BESH AlZEEot B E QMoo wAMst & E0|H
# of outliers (> 10.0 deg) 8 R | ALl |
o Iz
&S AZbEel ZE MolM gME & B
# of short arcs (> 10.0 deg) 22 = A' Aol
SS9 =
Mean of multipath on L1 code (> 10 deg) 0.0962 (m) |L1 ZE =22 22Xle| HAY
Mean of multipath on L2 code (> 10 deg) 04624 (m) |12 ZE CI=ZE2 LA Hoat
Receiver noise on L1 code (>10 deg) 0.0486 (m) |L1 ZE F=A7| &3l HAu
Receiver noise on L2 code (>10 deg) N/A 12 ZE 27| &3e "ot
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Table 2. Korean GPS Reference Station
Network (as of 2004)
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Table 3. Dates Analyzed to Investigate Korean THE Ao, doly Fdo] Y FA4Z 10
GPS Reference Stations Quality HA 7hA] YEatath. dolg Fdo] & A
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Table 4. Rank of Korean GNSS Reference Stations in order from Worst to Best for Each
Quality Parameter

OD Afol& [ #e ze [ WP AlE [ oo [ #5d EEEE

el e = z7el A olelel BE| 2
Zel [HE2 [ 252 [ A5 (@54 [HdE (g5 0l | @52 A5 852 [ A
1 GEOM |416.14 | GEOM |365.57 | SNJU | 76.57 |GEOM | 67.43 | BHAO 15 | GEOM |6.6237
2 SEOI [303.29| SEOI |217.71| SEOI | 66.71 | MARA | 2.00 | BOEN | 79.8 | CHEN |0.3428
3 YOSU |101.43| YOSU | 69.57 | TABK | 65.86 | YNDO | 1.71 | KUNW | 80.71 | SNJU |0.2574
4 |KUNW | 94 | KUNW |60.43 | KWNJ | 58.29 |DANG | 1.14 | SEQI 81 TABK 10.2507
5 | EOCH | 4743 | PAJU | 1843 | CHJU | 5743 | N/A N/A | TABK | 82 | KUNW [0.2504
6 | DANG | 39.57 | EOCH | 1829 |GEOM | 5543 | N/A N/A | HGDO | 82 DAEJ | 0.237
7 ULLE |38.86 | ULLE |17.71 | CNJU | 5425 | N/A N/A | MLDO | 825 | MKPO |0.2303
8 SNJU | 3829 | SNJU | 16.14 | KANR | 53.00 | N/A N/A | CNJU | 835 | BOEN |0.2083
9 | YNDO |37.14 | CHJU 16 |WNJU | 53.00 | N/A N/A | HONC | 84.29 | WOLS | 0.205
10 | CHJU | 36.86 | YANP | 1329 | JINJ | 51.00 | N/A N/A | SKCH | 85.71 | CHSG |0.2039
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Fig. 8. Quality Parameters Measured at Each Station per Day: a) number of IOD cycle slips
(mean value over all 7 days and all station is 40.04); b) number of short arcs (mean
value over all 7 days and all stations is 17.21); ¢) number of outliers (mean value
over all 7 days and all stations is 1.08); d) number of MP slips (mean value over all
7 days and all stations is 15.37); e) mean of MP1 (average of mean MP1 over all 7
days and all stations is 0.2612 m); f) mean of MP2 (average of mean MP2 over all
7 days and all stations is 0.5869 m); and g) percentage of observations (mean value
over all 7 days and all stations is 89.24%);
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Fig. 9. Probability density function of data-quality parameters for each station per day (data

collected for 7 days):

number of outliers; d) number of MP slips;

percentage of observations;

e 50748 B4 gE Ao
C o] A3 = GPS A

: S el o
A
o Alelg 29e AR gdou
01 =1

offl A

Aot WE O o

]

3

Byl

a) number of IOD cycle slips; b) number of short arcs; ¢)
e) mean of MP1; f) mean of MP2; and g)



698 AR - oA i B 2 T B
= 57%4 AT diFEe] BEadA 7YX = GNSS B Alzgle] AgAHSE =d 5 3
Bk Hagh, Hoigke] ¥sEA dedE= o AyddA &Fd #AZFAES dHoly 34
Zr A BZ40] doly Fdo] AN A" & BN ZAy, 4 FAARAM #Z23 H
e AL ¢ 4 Atk Fig. 8akH 8g7tx9  olF FA Hol7t A e JYeg 9
EE FEARANA 4 #SAng A Zolrt sYer o] FHL AN fA He AL &
EAs 7] WE] dolE &8 HAd g FE 0 F AJnh E=d FRART AZREA U2 B
ARE Agste FHo] BoAe #ZF4E vg A9 dHolHe HIs AALA E VL7 F4
I 2 AASTE dolE 4 Al EAZAFA A TS vHde AS FASAT
AHPE =Y F As A o GNSS &&&op7t ey A AAFHCR
Figure 9= 797t U] A #SLolA 3% GNSS #=47} Z71g wet Z3sta Al
HolHE 7HA 3 7t BFAoA 3F 5 4 A e B HolHE iEsE BEFAE Ho
3 FAANE o FE 9% F5E yehdg, B 823z 9 #Ed dert Ik
I BEE LogAT=E ®Hol 1 th. X4 RTK(Real-Time Kinematic), GPS $14<] A4
Ho|%o], AAZel A=4E5E9] Holg e 2o =44, AT I HAF(ERP, Earth Rotation
AstE HolHE zroll &Agt Aol7b YElYIL Parameter) 4 5 8™ GPS -gEokdl Sl
glov YR FAAEE © PP REET oA wolHe AL AmAe Asel 2 W
BRItk oA Aol &2 59 NF= 10D F2 FEIth B =89 AxEs I GPS &
AbolZ €9 WA Z AARAE VHAEE T = HolHE o]&3l= tekdl RopoAe A3
TEE v F4S Zeth L3 L2359 o Ao 288 = £ glon, 3] IFE& GNSS
Z7A2 93 3 2L A PGS wormz wAAAHS 9 A A7H, AdF HygS
T EXE e & AS3AZE YEida Aok 3 grd fEd 89 F Jrt
A Zk FAAFvY BX o)yl leorz
FAo] "ol #A=Z4S Z2AY W 7 FAA = 7|
xol Wt M2 T2 7]Fo] agEojor & Aol
D]’ EO] 10D A]—o]% ‘%%O]‘% %7‘1}'—8‘ §-94 753—?* n O:]_—TL_ U—{'E;Ho B {ﬂ..gr_%_ _0,4&18]—3@ %/\]
Fig. 9.a2} 9.beoll YEIURO] p+20 ©]/e] dHlo] ];Ed N ALY (103 23 301 ] Oﬂ;;] 2 OJE
EHol tale(3, witade) eezd 92 @ ve-TRine < e
A5 FAsHA F4o] A3tE dHelHE EFT
F Atk A7IA pe dTEe FEARY 797
FA3 doly Ha3S Yy, o= EFHA
£ Uetdith 10D AlelE €9 MY A% 400
o] Wy} 5879 HEAUAAE JHATH &1
p+208 JE u]xgxo}z‘w H]OlEi Xilﬂf? Al

J-LJ}-L:I_\'EFE'

HEE T whebA ZJ*WOJ tﬁlolEiE Zh=
AA B Z A & T2 WEAs= 10D AF
ol €99 Mee g 3MAEE A4 = 3

fo

m. 2 2

B AFoME GNSS #= dHolg EZH7}
7IHE o] &3t I A TSN FHE B
= dolge FAS B4 7 #Z49 o
olE FHL HYF B4 2 dF AgEd )
ol lojA 1 A Ao FgFS ME} u}-2}A

A Aol A

ol ) H AUt

References

1) Enge, P, “Local Area Augmentation of
GPS for the Precision Approach of Aircraft,”
Proceedings of the IEEE, Vol. 87, No. 1,
January 1999, pp. 111~132.

2) Datta-Barua, S., Lee, ], Pullen, S, Luo,
M., Ene, A, Qiu, D., Zhang, G., and Enge, P,
"lonospheric Threat Parameterization for Local
Area Global-Positioning-System-Based  Aircraft
Landing Systems," AIAA journal of aircrafi, Vol.
47, No. 4, Jul. 2010, pp. 1141-1151.

3) Pullen, S, Park, Y. S,
"Impact

and Enge, P,

and mitigation of ionospheric
anomalies on ground-based augmentation of
GNSS," Radio Sci, 44, RS0AZ21,
doi:10.1029/2008RS004084.

4) Kim, M., Lee, J., Pullen, S., and Gillespie,

J., "Data-Quality Improvements and Application



41 & 99 K 2013, 9. THH F497F 7S ol 8F =l GPS A UF2Y HolH w4 #4 699
of Long Term Monitoring of ionospheric  Surveying Geodesy, Photogrammetry  and
Anomalies for GBAS," Proceedings of ION Cartography, Vol. 25, No. 4, 2007, pp. 337~345.

GNSS 2012, Nashville, TN, Sept. 17-21, 2012,
pp. 2159~2174.

5) Park, K, and Won, ]J., "The foliage effect
on the height time series from permanent GPS
stations," FEarth Planets Space Vol. 62, Issue 11,
2010, pp. 849-856.

6)Park, K., Kim, H.,, and Won, ]J., “Analysis
of Site Environment at Permanent GPS Stations
Operated by National Geographic Information
Institute”, Journal of the Korean Society of

7) Ge, L, Han, S, and Rizoz, C., “Multipath
Mitigation of Continuous GPS Measurements
Using an Adaptive Filter”, GFS sdlutions, Vol.
4, Issue 2, 2000, pp. 19-30.

8) Menvielle, M., and Berthelier, A., "The
K-derived planetary indices:
availability," Rev. Geophys.,
doi:10.1020/91RG00994.

9) Sugiura, M., and Kamei, T. "Equatorial
Dst index 1957-1986," IAGA bull.,, 40, pp. 7~14.

Description and
29(3), 415-432,



