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ABSTRACT

A series of numerical experiments with measurements observed at continuously operating reference stations (CORS) of the

international GNSS services (IGS) and the national geographical information institute of Korea (NGII) have been intensively
carried out to evaluate the quality of pseudo-ranges and carrier-phases of GPS L2C signal obtained by various receiver types,
benign and harsh operational environment. In this analysis, some quality measures, such as signal-to-noise ratio (SNR), the

magnitude of multipath, and the number of cycle slips, the pseudo-range and carrier phase obtaining rate were computed and

compared. The SNR analysis revealed an impressive result that the trend in the SNR of C/A and the L2C comparably depends

upon type of receivers. The result of multipath analysis also showed clearly different tendency depending on the receiver

types. The reason for this inconsistent tendency was seemed to be that the different multipath mitigation algorithm built-in

each receiver. The number of L2C cycle slip was less than P2(Y), and L2C measurements obtaining rate was higher than that of

P2(Y) in three receiver types. In the harsh observational environment, L2C quality was not only superior to P2(Y) in all aspects

such as SNR, multipath magnitude, the number of cycle slips, and measurement obtaining rate, but also it could maintain a

level of quality equivalent to C/A. According to the results of this analysis, it’s expected that improved positioning performance

like accuracy and continuity can be got through the use of L2C instead of existing P2(Y).
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o8 A4 S 71T 4 L& Aolth (Rizos et al. 2005,
Hegarty 2014).
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2. OVERVIEW OF L2C MEASUREMENTS

dAhgl Z2O o 2 Y2 Bdlo] GPS 914 gt A=
v 7} 245 2 Qlt I WA= Block IIR-ME 2005632
B 2009W7}4], & W= [IF2 2010604 2016W@7kA] 18]
71 2 Zoj|= M9} M7} 2018 BE] B =% 2 Qlt}. Table 12
20214 14 ] GPS <A Hlix] 3oz 20 %0l 317] & 23
717} chis} Yol o]F B L2C A5 E £t (NOAA
2021, NAVCEN 2021). o]2 2238 o] L2C £& 94 4= 24
24t} 2] 2]4Jo] Q2 t Full Operational Capability (FOC)o]| ufl--
T o] AlES B 29 YTF 1ol AT AFYL
sklg 4 glek,

L2C= C/ASH 97 RIZE AREAE-OI, @ L EQL C/A%tH
AolslA 270 E o] Fojzl £ o] Qitt. Civil Moderate (CM)Z}
Civil Long (CL)o] L2CE #/dsh= & 7He] FEE o529 £
& C/A9} H| 3} Table 20 Falgch CM Z == 10,230 39
Zo]e} 511.5 kHzo] Z]&(chip rate)& 7}A]=] 20 msecmjc} HhE
HL v, CL 5= 767,250 & Zo], CM ZE9} £AU3} 5115
kHz2] HE&, 71811 1.5 sec] ¥HE £7]| & zF=r}(Fontana et al.
2001). o]2} A CM Z =& 25 bpse] & w|A| 2o 2]3] ¥
ZEo] QJot CL Ty 1% ¢gom &= F& HFE= Time
Division Multiplexing (TDM) 7]&of ]3]l SAlof] AEEo] 28
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al. 2011).
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Table 1. Status of GPS satellites in operation as of January 2021.

] Legacy Modernization

Satellite model

ALCTIemO% "Block IR~ BlocklIR-M__ BlockIIF__ Block III/IIIF
Number 8 v 12 4

Table 2. Characteristics of C/A and L2C code (Fontana et al. 2001, Cho et al.
2004).

signal Band L1 L2
Code C/A CM CL CM&CL
Frequency (MHz) 1575.42 1227.60
Chip rate (MHz) 1.023 0.5115 0.5115 1.023
Code length (chips) 1,023 10,230 767,250 1,534,500
Duration 1 msec 20 msec 1.5 sec 1.5sec
Bitrate 50 bps 25bps Nomessage 50 sps

£ HE FA A59 YRS C/AY IR FU) AHA
o Aot 4eo 277t $AE Ao A 4 At
(Simsky et al. 2006, al-Fanek et al. 2007, Sukeova et al. 2007).
M3} CL TEL 7] C/ac] Hls) 1 o)z} 2}z 10w, 754 2
o] A} Ak BAlo] 45}mi, oo wet L2C Hlolele] 25 4
$50] C/AS] B8l $-43F Bk opjet A5 0] 7H] Soll 7%
Aoz oredA gt} (Song et al. 2010). -——o] CL F&t 3
AlZ|of| oJ5) xE o] Q17| gof AUy £Z ofef 5 T5E
01 Bt ”5—1*’11*194 glole] H= 450l H‘ﬂ‘% 71&9] P2(Y)

& AHEShe o]FF T 41771 L2CE th4l H S5, BEgt
7301] FEFE 2A ‘?:*% Z87t 71 Aol o=t (Fontana
et al. 2001, Cho et al. 2004). 5}x]5F CM3} CL Z.=9] 71 Zo] uj
2ol diole] 5ol dale Al C/A Hlsl 34| 71 4~
Qlgof g-olafoF gt (Lim et al. 2006).

oX. &

3. RESULTS OF QUALITY ASSESSMENT

3.1 Data and Quality Measures

#ﬂy 5
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Ao 2 Wsksled 1:]— Fof| A9} 7Fo] GPS $417]& Trimble
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Table 3. Testing cases about receiver types and observation environment.

Types of hardware Types of L2C
Testing cases Station ID measurements
. Antenna  Pseudo Carrier
Receiver
(radome)  range phase
Trimble TRM59800.00
ASCG NetR9 (NONE) C2X L2X
Receiver type BRUX Septentrio JAVRINGANT_
(CASE 1) PolaRx5TR DM (NONE) ., =
FRDN Topcon  TPSCR.G3
NET-G3A  (NONE)
Ob tional DOND, SEJN, WULJ
servationa (Benign) Trimble ~ TRM59800.00
environment C2X L2X
CHCN, INCH, KWN] ~ NetR9 (ScIs)
(CASE2)
(Adverse)

NetR9-& CM} CL &3 I & 18|31 PolaRx5TRQ} NET-G3A=
CL ZEZRE 253 Zlo|v], RINEX ¥ 302 Hlo|s] E7]
(1GS 2013 whek 22ke] SJxA o} uhgk 22} C2X, L2X,
FAHE COLOHLILZ HUE 4 Ik Eak oiF 2o uped
L1 C/A¥E= CICQ}F LIC, P2(Y)& C2Wel L2WE ZF A1 5 9] oJALA
2o} i3 utE HU15IEE, o] % oA g 2IHE &8
Slod 7} do]El & LFERTY.

GPS TEdlolg] £ Hrlol& SNR, oA E] th5 742 2
7], AtolZ& €9 (Cycle Slip) B4 RI1%, o]} HE5&E& 1 A&
B2 ARSIt o 2 S-S ) Egs. O3 Q= ALt
gl o i (al-Fanek et al. 2007, Sukeova et al. 2007), Alo]& &3
H] = = University NAVSTAR Consortium (UNAVCO)<2] GNSS 3+
Zdlole] A7 9 HY E(tool)Q]l TEQCE A3t (Estey &
Wier 2014). &3} LICQ} CIC 5 7H4eof tiisl] L2L, L2X, L2W
83l C2L, C2X, C2W 4:9] HI&& 217} A4bsl dlole A5

452 lagct.

2, 2 2
dMy = Py~ 0y 4 0, = P~ 409150, +309150, (1)

_p Mt B+ g _p
M, = P, - =1, + 12, = p, 509150, + 409150, (2)
f1 _fz fl _fz
o71M, dM= TSR, PoF O A7 m Tf9] SJapriE| e}
Hhgtoln] fi- Fulsolt). ofel Mt it ¥HETE chele] wet 1
(1575.42 MH2)%} 2 (1227.60 MHz) 2 -5-34c},

3.2 Results and Discussions

3.2.1 Impact of receiver type
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Fig. 1. SNR and satellite elevation angles of GPS legacy SVs.
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Fig. 2. SNRand satellite elevation angles of GPS modernized SVs.

3k PRN 19, PRN 16 SNROA & FASE ASRS T 4= 9lom,
ol TZHE 417171 P2(Y) 4185 H|FE(codeless) WAl o2
Z225}7] wEo|c}. ¥ Fig. 2¢] PolaRx5TR S PRN 5 A5
=5 B Fig. 10]A] Ao wlel ©e] P2(Y) SNRo| &7t oF
35 BLollA] FA3%E 2718l C/ARTE =& F7ko] gl AL &)
018} 2= 9t} NetR9.© 2 223}k PRN 19 SNRojJ= P2(Y)e] A=

+ UERA] 9ot C/ARTE & 7to] 22)ghct. ¥, NET-
G3A F5 PRN 31 41575 = 5717 Yol P2(Y)<] M7t Q)
O OE F A7) Aakel g C/ARS 22 S 2= %
stot. s} 91432 At ®all(jamming) Foll 23517 $18l 1
FEO P(Y) ASE AET 4 e $E71E FAslaL glom,
Ao R o 2 HE g ol thAeF-otZa]7-/3-ofAlo}-
Y AFS A o 22 Al71e] A8 E $Es17] diEe] o]
2} o] P2(Y) SNRe| X W C/ARTH &8 7971 yepdot
(Esenbuga & Hauschild 2020, Steigenberger et al. 2020). T35}
Fig. 2= A3} /doll thgk Ao = L2CL¥} L2CX A1 S EE
A UFeEhJ 2 9lch. PolaRxSTRI}F NET-G3A7} HEa}= L2CL
A5 7} E+= C/ARTE o7 2RQL o1t 127} S7lef| whaf 1 x}o]
7} ZrAFT} BHE, NetR9 5 L2CX A5+ HA| T57|7
of thsll C/A%} 55T &olqlth. olF Al £417]oA HE53F
L2CL, L2CX SNRE P2(Y)$} ©a] C/AS] 2A T} Ak oz 9
AR RS AAE S B8 ST 4 ik

7}7] Tk 2221717} Ax]E BRUX, ASCG, FRDN #+&7 ¢
SNRS 127} 10" 7408 L) Hal F2HAES Ailsl
o] Fig. 3of] Uetliglom, $417] FFe} szt wpat Ao|gt
7A8FS Boltk PolaRxSTRE 107 ~ 30" 7kl 4] L2CLa}F C/A2)
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Fig. 3. SNR statistics of three receiver types at different elevation angles.
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SNRL 90°E A|9]5FH C/A R} Wbt} P2(Y): PolaRx5TRT}F
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Bh 4:A17] BRSO 31 e 7bo)|A] L2CL, L2CX A&7 7}

9552 rlr ™
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St Folqdth P2(Y) A S = 37HA] 4]
5 N 5of vl Weton, 5] NET-G3A9] 79 1
2o & Zlvk Fig. 49] Axlof] mp2H 41719 4S
A Z7HE ZAdFo] YeFx|ut L2CLe} L2CX7} P2(Y)
2 SNR 7k 7HAlE A& BE #4717 5
NetR99] L2CXQ} L 7] & 4417]9] L2CL&
H| gk EH A }7} FAte] Hlsl] =2 E4& Bk

FA1710) w2 dlojE] 5 A5 HlaE {5l A4St oAA
gt it H 58, Alel24 3 YIEE Table 40f QoFirt. o
714 Hlole] H5&2 oAtAE CICe}t ¥hgat LIC 7]& C2L,
C2X, C2W 9} L2L, L2X, L2W 4= n]golc} 3 24 TE k5
S E7g0llA] 5 41712 HlofelE HS3 wEHolE HS
o] &k 97% o]aro 2 on L2C oJAl7E](C2L & C2X)&} vF
FIHL2L & L2X) FFoll W 2po|7F et A] dgteh Al 718
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Fig. 4. SNR statistics of the three IGS stations equipped with PolaRx5TR,
NetR9, and NET-G3A receivers.

Table 4. The number of cycle slips and data acquisition rates at IGS stations.

Receiver (station)
Index Type of Septentrio Trimble Topcon NET-
measurement  PolaRx5TR NetR9 G3A
(BRUX) (ASCG) (FRDN)
C2Lor C2X 100.24 99.62 99.82
C2W 99.77 97.94 96.93
Obs.rate(%) 151 oriox 10026 99.62 99.82
L2w 99.79 97.94 96.93
No.ofcycle  L2LorL2X 36 510 8
slips L2W 49 700 317

S 7S 3KOIS 4 9l o, B3] PolaRx5TRE AM&35)= BRUX
oAM= C2L3} L2L 427} CIC&} LICo] vl HWRITh Alel 254
2 PolaRx5TRQ] 739 L2Lo] L2Wo| vl 48R T & 7| LY
T, NetR9L Th2 F 4417]0] Hla) & WIE= whggiont,
L2X7} L2Woj| B]sl] @45] e AL o 4 9lth NET-G3A <
A] L2Lo] szuu} 2o 20] Alo]| & o] vl on] T 2}
o173 4 1 & 718 3tk o1& Fsl L2C7}F P2(Y) Bt HlofH
s ”? TR AS & 4 9lem, 1 olq %% Nz Ide
o] Hh= L,ér% T Eof|A L2CL, L2CX A1 5.7+ =7} P2(Y)ef| H]SH
10 dbHz oA} =7] &Y Aot}
S A= 7ol w2 CIC, C2w, C2Le} C2X 9 thE-7d 2o

(

249 54 Aulns] 98 AR ThE $A71014 A5 o

o[E]o] 572 AN el 2 Fig. Soll EAIRTE Al £417] 25 2

W2t Z71o] wet thEEe} Feol Z715H: ARA 54
o

HojZF 11 gick PolaRx5TR #5 PRN 59] CIC&} C2L thE74 2
717} FARE S Hole A 2] NetR99] PRN 9o tfjgh
CICE= C2Xof vl AltiA o 2 31, NET-G3A2] PRN 312 HLE]
ZE3} CICE v 2 C2Lo]| B3l ok7k Rk} CoW T}EA =
o2 5 oxpAE o] ] uls) ek o7 Aokt
MR SA1719) oatAE GEHEE 25710 HEL
2 2R ALk Yikah TEHUE Fig. 60 Lhekdl Zlolck,
PolaRx5TR & C2L3} CIC E]-% 2 & Fig. 50)|A] E15H ve}
o] Ax| ZEzF L7t A v] 23l HJS_ etR92] C2X+= CICo|
H|&}| 7 27]7}F 29k NET-G3AZE #E3}F C2L =742 vt
2 BE a=zbe] A4 CICH E} Atk C2Wel T4 2= Al
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Fig. 5. Multipath and satellite elevation angles of GPS modernized SVs.
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Fig. 6. Multipath of three receiver types at different elevation angles.
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Table 5. Cycle slip and rate of the number of measurements for each NGII
station.

Environment Benign Adverse
Station OND SEJN  WULJ CHCN INCH KWN]J
Cc2X 99.47 99.83 100.00 96.85 96.95 98.41
c2w 97.72 98.89 99.81 9436 94.70 97.43
L2X 101.44 100.58 101.12 9891 99.52 101.00
L2w 98.34 99.14 99.85 9526 95.84 98.16
No. of L2X 24 3 0 160 68 57
cycle slip L2w 100 68 23 370 268 168

Obs. rate (%)
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4. CONCLUSION
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