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ABSTRACT

In order to synchronize a remote system time to the reference time like Coordinated Universal Time (UTC), it is required
to compare the time difference between the two clocks. GNSS Precise Point Positioning (PPP) is one of the most general
geodetic positioning methods and can be used for time and frequency transfer applications which require more precise time
comparison performance than GNSS code. However, the PPP technique has a main drawback of day-boundary discontinuity
which comes from the PPP model that the code measurements are applied to resolve the floating carrier-phase ambiguities.
The Integer PPP (IPPP) technique is one of the methods which has been studied to compensate the day-boundary
discontinuities exited in the conventional PPP. In this paper, we investigate the time and frequency capabilities of PPP and

IPPP by using the measurement data obtained from two time transfer receivers which are closely located and using common

reference 1 Pulse Per Second (PPS) and RF signals. From the experiment, it is investigated that the IPPP method can effectively

compensate the day-boundary discontinuities without producing frequency offset. However, the PPP method can generating
frequency offset which can severely degrade the time comparison performance with long-term period data.

Keywords: GNSS, PPP, IPPP, time transfer, system time

. INTRODUCTION

GNSS YA FHAAEHS 0] 8351 A UTH=29Q] (PPP: Precise
Point Positioning) 7]5}8H41Q1 (geodetic) ¥%| &4 HH o
2, International GNSS Service (IGS)o|A] Al&sl= AL A=
9 9 gl 2 4R 52 AHEslel ZE Hot FUs vk

ke
Abgstel £41719] SIS STk PPP AL A 917 &
st opUje A7} 9 Z5e Ao S Wl AHgsha 9]

(Defralgne & Bruyninx 2007, Petit & Jiang 2008). 5} 2|7+ PPP
A7 R F Aol AHgshzd] floldel B & sht
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(Defraigne & Bruyninx 2007, Senior et al. 2008). PPPoj| & H%]—
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A2g RESHE BElS ARSI} (Ge et al. 2007, Bertiger et al.
et al. 2012, Lannes & Prieur 2013, Shi & Gao 2014).
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2. DESCRIPTION OF IPPP METHOD

2.1 Basic Theory

IPPPOﬂH“ Htdat RSP a5 Ashr] HsiA] 2 BA A
A28t} (Laurichesse et al. 2009). WA, A THAlo| A=
Melbourne Wubbena (MW) A3 Z3}8 o]&35}Fo] Wide-Lane
(WD) 0] 248 AHEsHe Ao 2, 547 27 ojelsh WL 9]
A] vlololA (WSB: Wide-lane Satellite Biases)S AF2-5}0] 4]
g ZEoflA] o]FojA ], MW A3 23} L, 4] ()3t o] &
& =} (Shi & Gao 2014).

Lyw — byw + béww = —AwrNwr + $uw O

AN, Ay, = C/(f1 —5) (» 86cm), T&HE c=3x108m/s,
f = 154fy, fo = 120fy(fo = 10.23 MHz), Ny, = Ny = Ny, §yw= ks
S0t S350, wide-lane 4=417] Hlo]o] A(WRB), pMW=

A} (2)9h 2k,
bMW (0[1 LbLl +a2 LbLZ) (B{VLbPl _I_/;é\lLbPZ) (2)

7| A " =fi/(f1 £y b= 12 £217] dkpal she. 4101
apolejiolm, gt =fif o\ oo blLi= 1,28
ot Wlolof 2o, o] £ ATS] NL 2] WL 45} SH=slod
HpojojAe] 2otk WSB, b= A (3)2 2231,
bYW = (al/LbEt + aff“bE?) — (BYLBEY + BYUBED) (3)
01714 b, =12 1A WHETt StEgle] upelejselnd, bit, i
=12 9144 ZE stEge] HiolojAol, o]= 9|4 Narrow
Lane (NL) Z =0} WL HhEa} shEg]|o] ulo]o]Ae] 2gho]tt.
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Fig. 1. Network architecture for IPPP using GINS-PC software.

Prepare data

A OIA TS T byl WL SR TR 0 2 As] 2}
© 2k 77 Wl H4 WL Z54E T517] ¢) H 1%}15 4
(% 4] (42} o] Lhehd 4 glck
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tte o2 =R dA oA B %(mnosphere free) 2
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23 L= 4] (5)%} Zro] Lehd %D} (Sh1 & Gao 2014).
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Lig + ¢8tF = 604Ny, = p + cStiF + Ty — 174N, + &5 (5)

71X pe STt $417] Abol €] Zl5leHd Aol §tlF, 5t
9 &= 27 RS 9 2=t olld, $417] 22 o] 2 Rk
ot 15 Fgold, e &S Zdolth F-he S o A=A /17
O]l Ay, =107 cmo|t}. AR GAlOA] WL BS54 N, &
gk Zof| A (O)E A5 vIA] H4 N& F5HA Het el
NL 742 BAFE o2 219k NL mpke] 0.5 ato]E Aol Sl 3k
ghEat A7) 2 o2& WA Al & Qlok sHAIRE, o2t
A17] Eho] Yol BAlsE AeolE &2 ARE A (post-
processing) @A oA BAFE]o]Z] 4= )t} (Petit & Defraigne 2016).
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2.2 Processing Method

H =XFofx]+= Centre National d'Etudes Spatiales (CNES)<]|
A] A|55= Geodesie par Integrations Numeriques Simultanees
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Fig. 2. Block diagram of the experiment by using GNSS timing receivers
with a common clock.
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3. PERFORMANCE COMPARISON
BETWEEN PPP AND IPPP
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3.1 Measurement Set-up
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Generation of PPP and IPPP results using GINS and
daily differenced data

Linear fitting
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Stability analysis of the conventional PPP and IPPP

Fig. 3. IPPP phase data of the GNSS receivers named as KRP1 and KRG2.
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Fig. 4. IPPP phase data of the GNSS receivers named as KRP1 and KRG2.
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3.2 Measurement Results
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Fig. 5. PPP and IPPP phase data of the GNSS receiver named as KRP1.
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Fig. 6. IPPP difference between KRP1 and KRG2 with extrapolation using
NL and without extrapolation.
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Fig. 7. PPP difference between KRP1 and KRG2 with extrapolation and
without extrapolation.
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Fig. 8. TIErms values of PPP and IPPP differences between KRP1 and KRG2
with and without extrapolation.
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