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ABSTRACT

The State Space Representation (SSR) method provides individual corrections for each Global Navigation Satellite System

(GNSS) error components. This method can lead to less bandwidth for transmission and allows selective use of each

correction. Precise Point Positioning (PPP) - Real-Time Kinematic (RTK) is one of the carrier-based precise positioning

techniques using SSR correction. This technique enables high-precision positioning with a fast convergence time by providing

atmospheric correction as well as satellite orbit and clock correction. Currently, the positioning service that supports PPP-

RTK technology is the Quazi-Zenith Satellite System Centimeter Level Augmentation System (QZSS CLAS) in Japan. A system

that provides correction for each GNSS error component, such as QZSS CLAS, requires monitoring of each error component

to provide reliable correction and integrity information to the user. In this study, we conducted an analysis of the performance

of residual error bounding for each error component. To assess this performance, we utilized the correction and quality

indicators provided by QZSS CLAS. Performance analyses included the range domain, dispersive part, non-dispersive part,

and satellite orbit/clock part. The residual root mean square (RMS) of CLAS correction for the range domain approximated

0.0369 m, and the residual RMS for both dispersive and non-dispersive components is around 0.0363 m. It has also been

confirmed that the residual errors are properly bounded by the integrity parameters. However, the satellite orbit and clock part

have a larger residual of about 0.6508 m, and it was confirmed that this residual was not bounded by the integrity parameters.

Users who rely solely on satellite orbit and clock correction, particularly maritime users, thus should exercise caution when

utilizing QZSS CLAS.
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Z5.3] bound & 4> Q)= Zro] AlgE ook git} (Lee et al. 2009).
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Table 1. Compact SSR messages.

Group name Sub-group name SubType ID
CSSR mask 1
CSSR orbit correction 2
CSSR clock correction 3
Common correction CSSR satellite code bias 4
CSSR satellite phase bias 5
CSSR satellite code and phase bias 6
CSSRURA 7
CSSR Combined correction 11
CSSR STEC correction 8
Local correction CSSR gridded correction 9
CSSR atmospheric correction 12
Service CSSR service information 10
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2.1 GNSS Error Correction

2.1.1 Satellite orbit and clock corrections

CLASOA 914 A& EHAHEH = SubType 2, 9148 A4l &
A B+= SubType 3 HIAIAE AlF=H 3L ¢lem, SubType 11 H|
A A= Y48 A= 9 AA BAYRE TA Algsict 914 T
HAAHHO] 7L common correction® 2 A-ZEL} 35t A
& 218217} 9)x]5} Local networke] Tt 234 B 7} SubType
1S S5 Aledot. 2 14 A= 3 AIA @&l thigh Local
network B A& B o] A3 o H= SubType 11of] Z3HE flagsE &
off I 4> 9lom flagZt 1Y 749 AME-AH= SubType 110]|A4] #|

©o] oxjo] o BAZES A BTt SF 2 9149 Radial,
Along-Track, Cross-Track H¥eko 2 #2422 AR A8
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track W}ko 2 A FEE= CSSR 914 AR BAYRE olu]sio]
Coniias Catony Cro = 21 O] THRIHE], 0X= A5 L 2 A
2 8gE QAAE B3 B2 vepdc} (Cabinet Office 2021).
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2.1.3 lonosphere slant delay correction

CSSR g% HA A H & Slant Total Electron Content
(STEC) g} (Park et al. 2022, Yoon & Lee 2014) 2 A 3-= 0, 1]
E9]3 W2 AZ5E STEC polynomial B34 K o} 7} gridd 2
A 3= STEC residual 23 A B 2 A o]¥lt}, STEC polynomial
BAHEE ALs}r] 95 A4 SubType 8, STEC residual
= Subtype 9of] ZFE|o] glow], SubType 12 HIA| A=
polynomial Al4>¢} residual 2 B E A #|5-3tct. STEC
polynomial ¥ HE #4517 {5t A4+ SubType 8 E=
SubType 12 WA A]of| EZHE “STEC Correction Type”o]| w=}
AR =, 1S-QZSsellA FoH Y&, FEo) et g5 ol&
slo] 7t gridef] thgk STEC B RS AL 4 glt} (Cabinet
Office 2021). CLAS AF2-2}e] 4% AF&A} 913L9] 37 = 47
Az A 0] HelE HARE 715x] S o] 4] BPPEE

AT % ek
2.1.4 Troposphere delay correction

7S BEY R 7 Azl gt 422 Az A4 (hydro-
static) &} 2] F& A (wet) Fro & o= n SubType 9,
SubType 12 WA A]o]l makelo] AZHC) 7k 57 Aol 04} B
A B = A4 (constant) ZF3 ¥% (variation) Zfo 2 FE=Ic)
CLASOIA A elgl 44 7% A] A4 Ghe 23 molsl, 54
Az Aol A4 ZhE 0252 m EL SubType 12410]14] 4125
= “Troposphere residual offset” ZF-& A}&-gkc} (Cabinet Office
2021), 7t AAPOIA 2] 2A AN L AL Zhah W 2
S Fsto] A4TICE CLAS AFgALe] 49, Hel 5 g A el 5
21517 ALY 9150} ) T 47) Aol ) iR 1
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2.1.5 User dependent errors

CLASOA] A F= CSSR BAA K mtetu]el 52 27k 4
o] 2A17] ot} 9 IA & 7|22 Alo]Eo] wle} Hhlsls ¢
3} RS gk ghe EFshaL IR ehek whebal, CLASS] &
9 HBE S WEslY] flste] AbgAbE shde] @Ak Rl o
S HYPEE F71H 0 2 BAs|of gict.

- solid earth tides

- ocean loading

- pole tide

- phase wind up

- receiver antenna phase center offset and variation (PCO, PCV)
- receiver inter system bias (ISB)

- receiver quarter cycle carrier phase shifts
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2.2 Integrity Information
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QIghck AR oxha s el o3t 7
9 94 A, 94 Hhololag mRT Sam
3l User Range Accuracy (URA) ZHt &2 & %
gt quality indicator A H 2 Uro] A|lFEn] ZF AR = 3-bit
9] CLASS®} 3-bite] VALUE ZFe 2 A|g-=th CLASSE= 0-7 ¥
2]o] ZFo 2 6-bite] CLAS quality indicator & 3H]E 9] 2|AFE]
H|E (most significant bit)2 & o]&]n], VALUE+= 0-7 ¥ ¢]2] 7k
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A4 4 9 AA7} L35, Fujita et al. (2016)0] 4]+ Least
squares AMBiguity Decorrelation Adjustment (LAMBDA) 7]
2 o] 88 MAF4E 2AHsle] o2 WSt
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SSR URA [mm] < 364455 (1 + "AL”E) —1[mm] (5

2.2.3 Atmosphere correction quality indicator

CLASOo||A]= SSR URA 2Jof] dgj= ¥y gl
A A o thgt quality indicatorE A|&s}il @itk
HARe) e YEYTEE 1 ol FHHDZ YEH Y
quality indicator Z}o] A=, Aa]Z B4 "o tfsl quality
indicatore] ¢ W12 @ 7 el Tk grol AFEE ur
H 5= B o] t5} quality indicator= U EQ|T ¥ J8
gho] g},
AE]& B¥AH quality indicator:= Ztod @ 2o Haj= 3t&
Fgko 2 ARE, T Te) Ae Eq (63 o] gholeste
Geometry-Free A3 23H& o] &3l AAHHTE

b=}
££
Ju

~N
o

(i o

i

OH

Lo

V®y,,)  (6)

1
N ~ —_ -
Vres; pisp ® 7031016 RTETIL V63, —

N fta

[2of
ofh
ol
o

Geometry-Free A3 X3} Ionosphere-Free
U Ao A5 skl 4R L o)

r
=)

_,d
N
:tg
rol
-1>
_IZ
3
o}
[es]
QO
)
B
Y
o
6
2
ndt
o,
o
do
oX
£ oy

Al l s 71 ﬂ o & % 2
| A=Y, A5 &
Geometry-Free X3+ Ei}%}% s :
A 5 9] quality indicator ZF-2 Geometry-Free X5}
AFEE B E 2ho] 9 X} it ofu g}, Eq. (7)3} o]
I © X} (spatial decorrelation error)o]| sigsH= 37+
3} (spatial compression error)& B3t ZH-& 0]-&5}o

N
N
N
i)
+
Ay
o,
"
of
ofm
to
NG
24

[e]
T
o
o?c‘. 2L
T ofnt
=g
[
lo

o 4
o

mfé
4> we
0,
[N

m

]
ox, M
jus)
=
o
9
ofo oW [
20 ox Ot loot 4> o

112 oft o L
Mt o
e}

o;:
oX
i
L

S

STEC % Vres? pip (tons) + (ionof, (t479°0) -

ij iono; (t*T9¢)} (7)

o714 ionoj, = W7k Aol mzkel WS HAL A 23
£ ojulsjn] ionof & 7| AN TRk ZEE o]83) A
Akl AAL 2191 @ AFE oJmglt). Fujita et al. (2016)9)| A= &= ZF
Afole] ol 37k 45 0G0 2 HOIFrh 1,8 e 7}
observation H|o]E]19] A|Zta} A FE= BHPEL] 7|& A2
S

Ag]& 5 A 10| quality indicator 3 UEL T HE 57)
O Y7t Aol Al AL Zhof 9 2pe] FA ZhE o]8sH i 30%

P

il

Yebin Lee et al, Analyzing GNSS Error Bounding for QZSS CLAS 219

ook YA E et (Fujita et al. 2016). AFgre] 3k4-& S8 A= A
2]3 BAA- R T& quality indicators SubType 8 & SubType
12614 A1) SSR URA g K.9} E2l57] 3-bite] CLASS ¢
VALUE Zto 2 AZ=th s ghe] AL 1S-QZSS EAjo] &
9]5] quality indicator@} STEC S84 7ho] 25 8510 A
T gholl whe B2 3k AFEE 4 o} (Cabinet Office
2021). M3 ol o2} S-S R e FUSHA TECU
THRI2 A FEHER AFEATE o] Al A o TR HHEto]

52 B o] quality indicator= Eq. (8)} o] thas
o A 2 Az A exbe] MPUF BAPH Ko ik 37+
A% XS 7o 2 YA E Tt

a?"rop ~ {tropis,ip (ttarget) _ tropis'r(ttarget)}
+ {tropyerip (EF979) — tropye - (479} (8)

A7NA trop;,,, 2t trop;,, = B7F AHANA B 7S H2 A
A Az A HYYEF A 2Julsh trop;,, 2} trop; =
71 AZ A thdal BEl g o] &5) ALbE RS G 1104
9 AR A9 WA oS ouigitt. sE k2 dE S B
J4IA] SIR-UREQ] A 2]& o] 714
x} OPOHEP sl R OF SSR

AA B quality indicator A3
o2 YAl T AF

B e AS o 4 9k 5, A% 2N olge 4
BRE BYPE oA TPk A FOTE AR of
F5 YU AT B, AT 5 Ak 0 $FS

22180]4 Agghtet ko] SSR U €
3} gpo] Tgslol glenE, WU BN B A
4R AL Ao
W olgel 1 o3 4E S FHE 4 9lch

&F3E B RO quality indicator?] ZHe YEQF H=Z 5
el 7k Aol AR B2 A% el chek £ 2k o]
B3l mi 30zmict A4t S Ak SubType 9 2 SubType
120]] =] m, 3-bite] CLASS W VALUE ko 2 |5t of
22 quality indicator2] 7 SSR URAS} T35} Eq. (5)2] 3+
AR o] galo] 2ho] @ pol ek BEAIGE AR 4 9tk
(Fujita et al. 2016).

3. MONITORING CONCEPT

o bl o 1 = U —‘-’—
07} AR B U E 48 4 slon e, o &
A4 A Rsslch mebd, 1 RoldE 7 o3} e

A FE+= CLAS quality indicator Z}o] 2535] H42 o

25 A shelord a3 g

http://www.ipnt.or.kr



220 JPNT 12(3), 215-228 (2023)

Calculation of
SIR-URE with CLAS
correction data

l

Single-difference
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l

Calculation of error
level of residuals using
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Residual < Th
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Alert Flag Generation

Fig. 1. Monitoring algorithm flow chart.
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Fig. 2. QZSS CLAS monitoring station selection.
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Fig. 3. Range domain residuals.
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Fig. 4. Range domain monitoring results (red: threshold / blue: range
domain residuals).

Fig. 5. Dispersive (ionosphere) correction residuals.

Fig. 6. Dispersive (ionosphere) error monitoring results (red: threshold /
blue: dispersive correction residuals).
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Fig. 7. Non-dispersive correction residuals.

Fig. 8. Non-dispersive error monitoring results (red: threshold / blue: non-
dispersive correction residuals).

o_>.i
o Y
4 o

B0 30 i
2 £rr &2 e

R Rl 03} gro] MErlE o] FU e
3015193t} Fig. 6 GPS PRN 6H, PRN 2089 B
2

YA g EAIG TRl o]ct. Fig. 6ol 22

r
uk

23 BAAE O o] 9af= AFEE §

A
o 78 T & vt 1)
:TL 7z

o B
J oL

o )

i)

0,
ol
o
2
o)

i ﬂJ—I; |-u:

=)
@ o

X

7<
I} Eq. (18)¢] CLAS ﬁﬂ%z =] —?75*3
‘Q_ ;1.:];]___4 _Lﬂ:,.]- ZF =2

jXe)
BATT m “
o extof| Hlsto] 2 & % ‘% A& sk

4> o
SN
o,
[RINPS

5.4 Non-Dispersive Parts Error Analysis

H - 2] & ofl st BAA E A8 A3= Fig. 73 ot HjA
213 expadoll thet Zrel @ 249 79 RMS Zh oF 0.0356 m=2
Ae)E BYY ol fAHA AlElule &9 AU 3tE 2=
22 21015193t} Fig, 82 GPS PRN 641, PRN 2081 =] 9] 7+
oleat 9 A FE BAITE afzelct v E ealeke] A
SOl & AEE o] 94} Zro] Al L ol g Ze AE E
A 4 lom HA e BAEPHE Zho] o3Pk A Aol A
AA gk oIS Zhe 2= AS RISkt 12 Eq. 249 2
©] CLAS URA ¥ 73 724 A B E o] &3l A4 &H3}

http://www.ipnt.or.kr



224 JPNT 12(3), 215-228 (2023)

Fig. 9. Satellite orbit and clock correction residuals.
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Fig. 10. Satellite orbit and clock error monitoring results (red: threshold /
blue: satellite orbit and clock correction residuals).

Fig. 11. Broadcast ephemeris error and satellite orbit/clock correction (blue:
broadcast ephemetris error, red: satellite orbit/clock correction).
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