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ABSTRACT

Ionospheric delay, which affect the accuracy of GNSS positioning, is generated by electrons
in Ionosphere. Solar activity level, region and time could make change of this delay level.
Dual frequency receiver could effectively eliminate the delay using difference of refractive
index between L1 to L2 frequency. But, Single frequency receiver have to use limited
correction such as ionospheric model in standalone GNSS or PRC(pseudorange correction) in
Differential GNSS. Generally, these corrections is effective in normal condition. but, they
might be useless, when TEC(total electron content) extremely increase in local area. In this
paper, monitoring algorithm is proposed for local ionospheric anomaly using multiple
reference stations. For verification, the algorithm was performed with specific measurement
data in lonospheric storm day (20. Nov. 2003). this algorithm would detect local ionospheric
anomaly and improve reliability of ionospheric corrections for standalone receiver.
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Hazard of local ionospheric
anomaly in differential GNSS
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Table 2. Station Information

Station Lat/Long(®) Baseline
GARF 41.42/-81.61 137.4km
COLB 39.96/-83.05 65.4km
MTVR 40.38/-82.51 Okm
GUST 41.46/-80.72 193.0km
TIFF 41.08/-83.15 94.0km
KNTN 40.63/-83.61 97.6km
SIDN 40.31/-84.17 141.3km

Fig. 5. Station Map (by Google Earth)
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Table 3. Station’s DCB in 2003. 11. 20.

Station DCB(ns)
GARF 51.7940
COLB 33.3058
MTVR 42 5686
GUST 43.5457
TIFF 20.4153
KNTN 39.7324
SIDN 23.0253
5 Consisltency Check IPRN13
§ 0 }uﬁéx'ﬁxm, 3 e Sl ’ff‘

2 . .
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Fig. 6. Consistency Check (PRN 17)



A5 AR B 7 9% 2017. 7. Y HYFY dBAE o] &d UF /ET /W AYF oY 555
) , ConsistencyCheckPll?NW . Consistency Check PRN11
15
al
A05 :\\ -_ /// ’L-f;
3 o L R R 3
& ‘ GARF E'
1 S TR U R ) P cver
‘21 2 3 4 5 6 7 7787Th 9 18 185 19 15.5 2‘0 205 21 Z1I.5 22
UTC(hour) UTC(hour)
Fig. 7. Consistency Check (PRN 13) Fig. 9. Consistency Check(PRN 11) Group A
5 Consistency Check PRN11 i 5 Consis}tency(‘:hec/k P‘RNH .
| i
osb P S R
z Loed o e e
7] ’ LANARSS Vi Y‘?,ﬁk”" &
| o ’
1 CONA \% “!! ..... e
7218 18.5 19 19.5 20 2(‘)’5 \}2I1 _2_1.;Th 22 18 185 19 195 20 265 2I1 21‘5 22
UTC(hour) UTC(hour)
Fig. 8. Consistency Check (PRN 11) Fig. 10. Consistency Check(PRN 11) Group B
A ARE QB AAE By Bas SE Foll AAFA= dHF HAAE 9A et A
o] UEIZom 214 o|T ol TE y|ZIo] o 2E Hop WA HET o] die] HEHoA
B4 AAE BTk TdmelA 204 w4 BESE FEE AL & 0 5, Fg 9%
Qe AAIH DA WEH GUST, GARF 7] 5ot AEIHOR S5 JEARE A%
Fhe A% 748 gat AL doF expp  SYS VIEFEC SAHSE WS st Ane
B4 sEoR A AL ouAT o 5y A= 4T AT
A2 AEF o) 4 olgte Ae FAHL & 234 /XA AHAL
At 91292t AT Fig. 1€ H¥ 184 ©l
A AA A}t JIEE XY s
‘:g 32,]"(:5] 0}7] H OH PRN 11 Hd-/] 7] '\L_EIL% A position Error check
Group (GUST, GARF, TIFF), B Group (MTVR, '

COLB, KNTN, SIDN)Z u}Fo] 13 Rtch
A Groupe A= wZ =ke], B Group 9/
Ao mE FHA olF BFE B Sl v
ATk Fig. 95 A Group? ZAIHZA 17 olA
e AAY 7P FFo A GUST 71E=
BE MZo 7EFoR £aH o7 Whgsle A
= ¢ F Stk

Figure 10> Group Bl tig A=A

AL TIFF 7]1E=0] <434 AAE T3

30 S
o T

AAE YeElATE Table 204 &<l & 4
A A TIFF ©] $X7} MTVR, COLBol| H]3] A

Position Error(m)

18 20
UTC(hour)

17 19 21 22

Fig. 11. Position error Check



556 o -2 -

THE I A 7 T B

Aol Azbs ol FAH %
e GARSE AL o
ol BT F A2
Lol et 2ol & Hole AL <
PATol YL v expgE
& 5 Aol del e

% 93 A7]e) #o|7k 9l7] wEolth.

3
>
2
N
N

o
2

fﬂ_zi % ZJA}E %ﬂrovl X3 98 2 A
< Table 4, 5 ¥ Zom, AgF o] @Y o]
5 A4S ¢r] Y38l GUST, TIFF, COLB 7|&=
of disl sttt Fig. 5914 & & %o
GUST-TIFF&= 7 &4, TIFF-COLBE $J =4+ x}o)
7} & 71&=Fo|ty. UTC 18417 GUST 7|&=
FH 44 AAE FHEA Eate 98 ¢
AT Fig. 122 %3] 7kA 14w s
oo, dF AT wgg oz Hol
A AT ol ddo] dAaS ﬁ% &

o ES A LAHANE B A ¢
SAo A o] == Table 19 ‘A
G5kt 214 o]FE dH/AH AAE
A8 S0l BSHEH o] AF AFHdS A

ol e FFA Houtta & 4 o,
AAX Lz AALE THshE A T 7lET ol

_4

s

Table 4. Detection time of ionospheric
anomaly by consistency check(UTC)

GUST TIFF COLB
PRN7 20.76 21.32 21.53
PRN8 18.67 19.10 18.93
PRN11 19.37 20.31 20.48
PRN26 x 21.31 20.80
PRN27 18.13 18.78 18.95
PRN28 19.80 20.56 20.60
PRN29 20.20 19.90 x
PRN31 18.23 18.80 18.90

Table 5. Detection time of ionospheric
anomaly by position error check

(UTC)
Station Start (hour) End (hour)
GUST 18.60 21.27
TIFF 18.65 21.43
COLB 18.64 21.43

SATELLITE SKYPLOT
NORTH

WEST

SOUTH

Fig. 12. GUST Skyplot (UTC 18.5)

Fig. 13. Flow Direction of lonospheric
Anomaly
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