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ABSTRACT

This study investigates the influence of GLONASS receiver Inter-Frequency Bias (IFB) on the estimation of the ionospheric
Total Electron Content (TEC). To estimate and validate GLONASS IFB, we utilized GNSS observations obtained from a dense
regional network of 19 stations operated by the National Geographic Information Institute (NGII) for the period of DOY 32-
36, 2026. Our results reveal that the Vertical TEC (VTEC) values exhibit significant fluctuations, ranging from approximately
-60 to 80 TEC units (TECU), when the GLONASS IFB corrections are not applied. On the other hand, after the IFB mitigation,
the VTEC variations became remarkably consistent at all stations. The accuracy of the derived GLONASS VTEC is assessed
through a comparative analysis with the CODE Global Ionospheric Map (GIM). The results exhibit a remarkable correlation
between the two datasets, with a mean bias of 0.04 TECU and a root-mean-square (RMS) value of 4.37 TECU over the five days.
The findings of this study suggests that the proposed method can accurately determine receiver-specific IFBs and improve
local ionospheric TEC monitoring.
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1. INTRODUCTION AtZro] GPSHTE AA YT A YGofA] e HEAEE A
& 4 9lv] wlRol FAe Mol wek o) Aol Wol B
u|=9] GPSe} tjE-o] glAlobe] GLONASSE A AAE #H =t} Zakharenkova et. al. (2016)-2 2015151 Al sl E gl o] (St
Sh= i 3% Q] Global Navigation Satellite System (GNSS)Z. Patrick’s Day)of] ©HAY5l 7325t 2| 2}7] 22 7]7F Z<to]] GPS<}F
% 14T (Multi-GNSS) SHollA 912 A7 o] 7A A=t ”ﬂ‘: GLONASS #EA5 5 o|-gaiA] iR 01%*3 s AT
£ Lol g 4l ek 439513 9t GPSeF GLONASS H 375}93t} T35} Cherniak & Zakharenkova (2018)% 2015 %]
o] 32 GPS W53} H|wslo] 92| Az el 59| HgdS 7] 2 717F 5% = A HoflA] GLONASS & o] 85t
SFAFA|ZIT} (Choi et al. 2014, Wang et al. 2015, Chen et al. 2018). Ag2 EH4Y HAE xAs19ITh 121} GLONASSE 944
GLONASSE 0|43} Ze]= Total Electron Content (TEC) 2 Fut4rt A2 o2 7] &9 Inter-Frequency Bias (IFB)7}
A= oy EdofA BH=EQith (Jakowski et al. 2002, HRASET, o] A4S REE o 2 AHEshA 23451 ko™ TEC 4t
Afraimovich et al. 2013, Yasyukevich et al. 2014). GPS ¢4 of £ A2 g5k 4= Qlth
o] GLONASS7} &71=H 71A] 94 49 2712 = 718 GPSe] Z & B3t t}= A <4(Code Division Multiple Access)
A 37 SRS £ 4 9tk 55] GLONASSE A= 72 947 2e], GLONASSE SR AR The F74-5 2145
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Fig. 1. The distribution of 19 GNSS stations. The red dots represent the
locations of the GNSS stations.

= Ful 25 tfE H <4 (Frequency Division Multiple Access,
FDMA) Hh41 & j8j3 917 o] 4417] o] st=gof

A Q1o] Futpuict ch2 A WSk F3k4 7h Hiolol A, & IFB
7} ¥k siT) (Wanninger 2012). 0% Fubp 7H Al A EY %]
& UEhte GLONASS [FBE AlA|l 2te} AgtE o] FY o=
Z2] (Precise Point Positioning, PPP) & A A|7} 0]% & 9] (Real-
Time Kinematic, RTK) S-olA 3 43)E FL51= o] X|HA Q1
9z} 99lo g Zgsir} (Wanninger 2012, Geng & Bock 2016,
El-Mowafy et al. 2016). £35| [FB= A 2 T}E A RAIC ZUSH
GLONASS 14 4150] tishA = Wolgte] 37 Debdl 4 9lo.
o O EAL M-S Boltky B g i Qlct (Wanninger 2012).
wheb A3 IFB 374& GLONASSS] H84E 57H41d 4
Sle. 71E ATEE 1GS 7183 5& Besle] £L Alslo
Ql FEE IFBY 34 F&=g Hth 2y 7|E=o] 9yH
AL 744 S 5 5 AR Q) Al AE IFB 2510] 14
Eg=Rebg il

wEa] o] AFollAlE THMEe] $IXI5AL Q1= 1932] GNSS
71&2 g|o]E| & o] &5}o] Trimble NetR9x} Alloy 4+417] EElo]
IFBE FUstA 45kt T3t iy o8 F2 A qYefa] 5
% GLONASS IFBE 2] A 2]& TEC Edlof| 2435ic} 18|11
GLONASS IFB7} 2= sWHE Alo] Ae]= TEC kS Center
for Orbit Determination in Europe (CODE) Global Ionosphere
Map (GIM) TEC&} H]asto] 231 k& AAIgtt.

2. DATA DESCRIPTION

GLONASS IFBZ =&sl3 Aa|=
Ex2 R ol ] L5H 1959 GNSS 7% Hlo]el S o] &
g}, Fig. 12 21420l RIS Teisle] A GNSS 71 &3]
PEE BolFm gk HeM How BA" AL 1EF 9]
212 olulgtct. Zzpe] 7% Tol AXE $417]9 Qe Be
Table 1] 7] 431910k, AAE RE 71232 Trimbleate] 44171
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Table 1. GNSS station configurations for the GLONASS TEC estimation.

Site  Receiver model Antenna model
BOEN TRIMBLE ALLOY TRM59800.00 SCIS
CHJU TRIMBLE NETR9 TRM59800.00 SCIS
CHLW TRIMBLE NETR9 TRMS59800.00 SCIS
CHSG TRIMBLE NETR9 TRM59800.00 SCIS
CHWN TRIMBLE ALLOY TRM59800.00 SCIS
CNJU TRIMBLE NETR9 TRM59800.00 SCIS
DANJ TRIMBLE ALLOY TRM59800.00 SCIS
DOND TRIMBLE NETR9 TRM59800.00 SCIS
DONH TRIMBLE NETR9 TRM59800.00 SCIS
GANH TRIMBLE NETR9 TRM59800.00 SCIS
GOCH TRIMBLE ALLOY TRM59800.00 SCIS
GOSG TRIMBLE NETR9 TRM59800.00 SCIS
GSAN TRIMBLE NETR9 TRM59800.00 SCIS
GYJU TRIMBLE NETR9 Unknown external
HADG TRIMBLE ALLOY TRM59800.00 SCIS
HCHN TRIMBLE NETR9 TRM59800.00 SCIS
INCH TRIMBLE NETR9 TRM59800.00 SCIS

INJE TRIMBLE NETR9 TRM59800.00 SCIS
JAHG TRIMBLE NETR9 TRM59800.00 SCIS

7} Adx|=o] §lom, thE-E-2 NetR9 Eilom, oJH = Alloy &
dolct. ¢teflub= GYJUE AlLJshal B 7]&=ollA4] TRM59800
SCIS Rdlo] FL&x]o] Qit) ZEX| A B¢ o 2 HE] Receiver
Independent Exchange Format (RINEX) 3= w}d-& 214 A
kol ARg-3) oo, RINEX T2 HH 3048 /3= o Uk
o] RINEX m}elo]= GPS, GLONASS, Galileo, BeiDou, 1] 1.
QzSS BEART} 37 ZatElo] glom, BEARE 302 AZ
B 08 A= Qirk. TR 3 HE AL $sh
RINEX g} 1} (navigation file)-2 International GNSS Service
(1GS) ElelE el tearg 4 SIck. vhirIA 2 3wkl
& BE WA S BE 91l Az Ars) mgEl

At

3. GLONASS IFB ESTIMATION METHOD

S TECE FEsHl F4s517] Halix+ 3 $4d4] o]
S5t TEAEE AMESIG V&2 £417]E o1 EFY
2] GLONASS ##& 282 & Alaskal AT, o] A7ellA4+= CIC,
LIC, C2P, 18] 31 L2P & 22 & AF23Ic} T3+ GLONASS 3
& o] gallA HE S TECE A4 A2 Eq. OAHE 4T
4= Q)lt} (Wang et al. 2020, Zhu & Zhou 2025).

_ 1 fEfF _ _ s _
STEC = 703 f—f—fzz (C2P - C1C — DCB IFB) @))

1714 £} = GLONASS 14 Fajsolc}. CICT} C2p 7t
Fahsolo] SLE olabAT B 123 DOBE $149) 5
E¢Jjo] Hlo]oA (Differential Code Bias, DCB), IFBE b4
417] sEESlle] Bro]ol A S ojm|gitt

o] &1L 4] GLONASS ¢]4] DCB 242 Choi et. al. (2023)
o] AAIg R & o] &-aliA] n]E] 43t

GLONASS 948" Fata fil} fri= ofefie} o] 2iid S (k)of]
sl AA . o] Aol A AHSEH 91401 k= Table 20| 7] &5}
itk



Table2. GLONASS channel number (k).

Satellite Channel number (k) || Satellite Channel number (k)
RO1 1 R13 -2
R0O2 -4 R14 -7
RO3 5 R15 0
RO4 6 R16 -1
RO5 1 R17 4
RO6 -4 R18 -3
RO7 5 R19 3
RO8 6 R20 2
RO9 -2 R21 4
R10 -7 R22 -3
R11 0 R23 3
R12 -1 R24 2

£=1602+k-0.5625 MHZ
f,=1246+k-0.4375 MHZ
GLONASS $9]/d-> FDMA ¥4]& A8517] mlioll #4dmict
AR TE T4 4155 FAIT AR OE Fa49] 418
& FAlSHE 47| Fabeo] o242l upo|oj AT} STt
GLONASS IFB+= Fd Hxall 24 =+ g deS TEC 4
ol ¥tEA] B slojof glrt. GLONASS TEC A4tol|A] IFBE
AAIA] o A A Aol F 2xF=2 2H8-3ht} (Zhang et
al. 2023).
IFBE dF 0 2 A'd 5o thafl Eq. (2)¢f o] 413 24
2 33 4 9t} (Wanninger 2012).

IFB(k)=a+b-k 2

A7IA a= 718 T (k~0)oll A 2] FAZEE QJulsta, b
g Wslol| wE vlojo] A o] Wk (m/channel) A E& Urephdch
B el 3¥ Ad Wgof we} IFB 7o) §45] ¥isleict a2t b
e 417 B Qb B, T $417] Helo] ol what
=Ze}2 4 9Jt} (Wanninger 2012).
41719] IFB 4of] a3t aot b 3h& Alitstr] 25l o]
TollA+= Eq. 3)& A-43kct
il My 1 Ky
}{2 M, 1 k,

a
b

UTEC]
W M, 1k,

o710 A] yi= FE JAEAZ 9] Geometry-Free AP XYY

ﬁ . g_]zz co; > 18] 3 yTECE: vertical TECE 2| H}lsfF &
AxgE ojujgict. T3t 2= A S & 350 kmoflA{ 2] X7y 7t
< ou|gtth vTEC 3, 744 as} bE A4l S8l 57| dlo]

Bl S AREShaL, mlR 4 24 & ffsl Haake S 281

4. RESULTS

4.1 GLONASS IPP and IFB Values

GLONASS IFB A4} [ a3 TEC #H& F4517] Sl o] A
Tl A= 20261 29 1¥(day of year, DOY 32)RE] 54 (DOY
367K 2ol BEARE AGSIGT o] 71708 Bl BE
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Fig. 2. Geographic distribution of the GNSS reference stations (red dots)
and their corresponding IPPs for GPS (blue dots) and GLONASS (yellow
dots) satellites over South Korea.

Fig. 3. Daily stability of the C1C-C2P sDCBs for the GLONASS from DOY 32
to 36, 2026. Each colored line represents each GLONASS satellite (R02-R24).

Sth7lel sig= ], TRE=o] Al 5444 TEC gto] At
E0h E3F TEC Rddo) 42 v I 4139 19
A& (Ionospheric Pierce Point, IPP)-2 H]15}7] £/5] GLONASS
IPP$} GPS IPPE AlAksteict 128w TEC Rala)L ojs) IPP 1
S5 350 kmehal 7SIl Al 34 & defsto] 9499 ozt
o] 105 o]Akel zpEuk AFR5}9IT} Fig. 2= 2026\d DOY 322! =}
22 o]gsl|4] A4S GPSSF GLONASS IPPO] 7|5}eHd Bx e
wolzth HM Fe J|ETte] 9145, Meba HEL GPS
IPPE, 78] L2k A5 GLONASS IPPE LtehHT] Fig.
20014 & 4 915 IPP7} SRS F4l 0.2 WHlslA WAlElo]
9t A& & 4 9lrh. GLONASSE GPSo} Hlm3)e o, m9l=
FA7A] & o e 2328 HArt TS GLONASS IPPE2
= 402 Qla) Gpsel vls) % Waros 17 R
Fig. 3¢ 2026 DOY 323-E] 367k2] GLONASS <€]4 9] ClC-
C2P DCB & zlkoll tigh I3t HslE HofFrt. GLONASS
satellite DCB (sDCB) ZF& 2F —40|A] +5 L}=% (nanoseconds,
ns)e] ¢) ol ZAlsnd 217k ol we} e RSl 4
£ §A3kch 53], 7k 9140 sDCB ghe] WskEo] o) 23
) P4 Bk o] A& GLONASS 9149} sh=glo] 4

)
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qm o
B oju

x|

Tv o o‘%
o] dHsH FAIHIL et A SJnlot, BAYGLO = Ags
7ol F23] Al 4 0e-g HolFa glck
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Table 3. Estimated parameters for the GLONASS IFB.

3 Parameter (m) X Parameter (m)
Site —— | Site ——— ——
a b a b

BOEN -2.1791 0.0899 || GOCH 2.3850 0.0974
CHJU -0.6352 0.0012 || GOSG -2.1659 0.0438
CHLW -1.2715 0.1062 | GSAN 3.6860 0.2274
CHSG 3.9100 0.4666 | GYJU -0.8101 0.0581
CHWN 2.6889 0.1773 || HADG 3.8106 0.1933
CNJU -0.2632 0.0863 || HCHN -1.1693 0.0710
DANJ -1.3243 0.0299 || INCH -0.9129 0.0486
DOND -1.8425 0.0983 INJE -2.0178 0.0495
DONH -1.0544 0.0106 | JAHG 3.8414 0.1395
GANH -0.9397 0.0718

sfebulEl g 748 Aolth GLONASSS] Fuh4 Hlolol A%
245)7] $lo) A% BRALS A galglon], 7} 7| E R0l 4
B3} 71271() & AHEsl9IT) FB wetulel s )& e
Feig 2ol R, ol 44171 shEglols] Ad S4o]
7 %aulet Aolghe AlAkeTh S anfetuleie] A9 24 of
218 moll 4] 2t 391 me] W95 Below, ol2jgh 413 weu)
Elo] =43} [FB B4 & A3l GLONASS TEC 7} AF&o] HiT

Al B asht

4.2 GLONASS VTEC Results

o] Aol AE 20261 DOY 328§ 367129 7|3t 5t
GLONASS $JA 4155 o] g35}o] VTEC ZH& AFEsI9i
A2 EA519IT) Fig. 4= GLONASSO] 163k EAJ0

7] IFBS EA4skA] &9E ool VIEC 4t Zas :
GLONASS IFB7} HA =] 7] 90w VTEC 3 7}o] oF -60 TEC
units (TECU)ollA] 2F 80 TECU o]Al7x] & ¥iEAlo] Uepdc).
ol& #4171 IFB Zke] VIEC A4t 2Pgoll A A5 #Q0 & &
2gshal Qla& AlARITE =S s 713 F9F VTEC g2
o Y] F71dE e Jlont, AR 7]E=2 VIECT}
o o' A o)A A M5 TEC ZHE} IFB Zo]
o 27 Zgste] At SR AEE 2 USSR
zto| $A17|ujct A& ThE IFBE 7FA| 2L 97| wj&o] IFB7} 2

4

o 1
p

el AATA o 71 uich 24E VIEC e A2 o

% 9k,
o] QAtellA] AI2KeF GLONASS IFB B4 71-& 2 &3t A}

>

A=l VIEC 3ol #sh= =aist A4S Holx Qi) Fig. 5
= GLONASS IFB7} 2% B E 7|&Z59] VTEC A AG S U
ERJ| 22 @it} GLONASS IFB B4 Aojl= VTEC Zlo] X<} %
2 74140 TECU ol4ke] ul¢ & Hxbg RAAGE B Foli
VTEC Zfo] oF 5 TECUo||A] F 80 TECUZ}A] -75 TECUL] Hx}
£ Bola §loh. IFB B4 o] o] VTECo] thek A& Q1 |7t
Sfobal 248 & 4 9tk ol 7t 71 2%e) S417/mbch 914 A)
GHE Aoldd Hxprt 2313 0 2 AAH &S ottt
GLONASS IFBZ #2351 VTEC zte] A=A-& A=s)7] Slsl
o] ¢Jtof|4{+= CODE GIM TEC} H]w5}33th GIM TEC ZFH&
VTEC gt =& A5 of ZF o2 2 g4t 181
TEC ZF& 1A)719] /\]7} —HAOPE, Qe ol A E 25°%50°9] 27
2 3l 7|7t ST Akg-o] VTEC
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Fig. 4. Time series of estimated VTEC derived from GLONASS observations
without IFB corrections during DOY 32-36, 2026.

Fig. 5. Time series of estimated VTEC derived from GLONASS observations
with IFB corrections during DOY 32-36, 2026.

Fig. 6. Comparison of the estimated VTEC from GLONASS and the CODE
GIM at CNJU station during DOY 32-36, 2026.
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5. CONCLUSIONS

o] AollA= GLONASS A|AE] S FDMA ®4jo] ofsf
S 417 IFBE X"S Tk A% 71 e AStskiet. e
31 GLONASS IFBE 245}7] ¢J3l 202614 DOY 325E] 367}4]
SEA YDA LG5k 7|E=2] GNSS HS AR E o &
Sk

GLONASS IFBZ A As}A] 9kom, VTEC e ¢k -60 TECU
of|A] 80 TECUZ}A] & Hx}2 Bt 1L} IFB A A o] Fof T
+ GNSS 7]&=0l4 9] VIEC AAE 2 M2 FARE HEede
Btk o] AL A7 R A2 AolstAl 4% IFB7F &by
OS2 AASNE Ae & 4 AT

GLONASS VTEC Zto] HEe & 7%517] $J8] CODE GIM
TEC gt} Hlwsioith. & 1he] AlAE Hehs wie- frAlsHAl b
BRI, 59 FQF et Hak= 9F 0.04 TECU, 18] olof tigh
RMS Zh2 ¢ 4.37 TECUR 4H&H o], o] dA7-ollA] Hoteh i ol
IFBE A UsH +4ehrh= Z& =3t

Aoz o] Aol A2HE GLONASS IFB 34 Hh o]
AUt AelS TEC w59 ¢1o] vl 4835t =77t 9 A
o2 7]digit,
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