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O ABSTRACT 0O

Precise Point Positioning (PPP) suffers from (Slow Convergence Time) from the stable
value, because this technique adopts the navigational solution on its non-differential form
from the (Single Receiver), and because it deals with error sources in Global Navigation
Satellite Systems (GNSS) individually and independently.

The convergence of the navigation solution is related to the approach of the phase
ambiguity resolution to the stable value, which takes place on average after (20-40)
minutes of observations within the Precise Point Positioning (PPP) technique [1], and is
mainly related to the occurrence of unpredicted jumps of Phase cycle which return
convergence to an inaccurate initial value.

Filters are often used to filter the observations coming to the single geodetic receiver, and
the performance of this filter is the actual measure of the Convergence time of the
navigation solution as a whole within the Precise Point Positioning (PPP) technique [2].
The research aims to develop a new method of using the linear least square Filter to
overcome (Cycle Slips), by compensating ambiguity loss, and correcting the wrong jumps
on it, with new mathematical conditions, then discussing the performance of the three
filters: linear least squares filter, Kalman filter, and adaptive Least squares filter developed
in this research, in Precise Point Positioning (PPP) technique.

The absolute differences between the reference network and the (PPP) measurements in the
three stations, reached mean values of (3.5 cm) on the (X) axis, (2.70 cm) on the (YY) axis,
and (7.70 cm) on the (Z) axis, By using new mathematical conditions in Linear Least
Square Filter, we reach high accuracy level that outperform the Kalman Filter (PPP)
Positioning, and Linear Least Square Filter (PPP) Positioning as well.

Keywords: Precise Point Positioning (PPP), Linear Least Square Filter, Kalman Filter,
Phase Ambiguity Resolution, Cycle Slip.
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- T 42032387732 3044572.6948 3694991.6204 .. None o 0.0006 0.0006 00014 0.0009 243357
R:d T 42027311291 3045085.6561 3695176.8641 .. None o 0.0008 0.0009 0.0019 00012 244031
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.(TopconTools) galis (pasa (Siiline ja Jatad (pa A3 g yaall cilbaall ciliilaa) (1) Jgaad)

Sl\tlztrir?en Mzifh X (m) o(x) m Y (m) o(y) m Z (m) o(z) m c(tr;aé\)

T11 02:02:55 4203238.773 0.0006 3044572.695 0.0006 3694991.620 0.0014 0.0009

T21 02:15:45 4202731.129 0.0009 3045085.656 0.0008 3695176.864 0.0019 0.0012
T51 03:37:45 4202935.533 0.0005 3044469.311 0.0005 3695418.556 0.0010 0.0007
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rob Lo (385 cAlalal)
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b, = fla® — 5P
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fix — 1

=p+c.(8trey — Otgqr) + Ty + AN + €4 (14) Aaslad

»

) s
(GNSS) cluld e syaill dblae  Prr
(GNSS) wluld (o skl Ualas Dy
e liall il Jafiall G Auigll daluall Jia P
(GNSS) alsiy (alall o)l gasyal) slail (o Jified)l dele Uad Jics Olpcy
(GNSS) allay (alall Jiaill rasl il o e licall Laill Aol Uad Jic Olsar
PAllelly ety gt o) B0 e RSN LS Aage Jola i 4
_ szl/lLl B fLZZALZ
- A1
Pl axis pingiol) 580 (e A Al ALlal dasall paset Jiw N
_ fL21NL1 - fLZZNLZ
A1

A

N

@rbuss il il Ta

Qi e skally Bl (0 IS naal (S5 €P/€D

tOallS iz (baly k) aged ad J3e 1-2-3

(ool Aaad IS 8 Taddl) ala ) cilile (e yshall o g haiuls calaill 4091 Al AN (14) Asladll (e
A Alall dasall (aget af A5 ()l Dllaad (8 suusg il o e Jsasdl Gliselinle b Gl
asaall ad e (T11) dasall e Ulas (10) <¥olaall dlea Gulains cdlsgaall o (L1+L2) sl
oasee oo Jhe (10) dSall Gans camsll (Gagad) Jfidl (e sdim) & elua jdb JS) Alal) dagall
dualy)ll Ll A e ((G15) eliall el (e (T11) ddasall b ghageall Jaiadl) 1) 2lgll shal)

pasard) dads aa)ll (a) O

y = -1E-13%° + 4E-10x* - 6E-07x3 + 0.0004x%- 0.1082x + 2.5547
R2=0.4659

—G15
—Poly. (G15)

1400

N=g gailt

gitogya 30

(T11) Uasall alls gdipe sl (G15) Leliall Hadl) e Alalall Aagall Gagad (10) JSil

journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
43



Tishreen University Journal. Eng. Sciences Series € 2021 (1) 2asll (43) alaall Zavigl) aglall . 050 daals dlas

gl Glaglly ) el Gkl skl Gaged o Jje 2-2-3
gmn 0m sl skl (el o8 e Ulans (4-1) c¥abedl Gy i (2) Jsaadl cDlalan s slaiely
@sad) Jiinadll ) Sl gl (mper (11) JSAI g cctllnal) gpan (b 83pempall duclivall LY

comseadl dais 1all (e G Aaalyl Apnlil) AU e ((G15) eliall yadl) cpa (T11) el

. y = 9E-15x° - 2E-11x* + 2E-08x> - 4E-06x? + 0.0029x - 3.3295
’\ R?=0.4094

—G15
—Paly. (G15)

N gaddl

Aalal) Aagall (agail) o cufji

Aega 30

-10

(T11) Aosall guall Clag il Jadl) midipal) slaicly (G15) sliall jadll (e Adalald) dagal) Gagas (11) Joid)

Fpdaly ) Bag ) plakily Jonall (gpheal) colagsilly bkl el (ki skl Gased ad I3 3-2-3
eiagl) B Aaiial) 5yl

Sl Jhall mdpell Gukii e dailll Gaseall af e (12) Usbeall Gkiy : LEAY) da s .
(12) A1 mmse b LS cmpaill o b i e (gt Uil g 5yl

5
- N P
RN , l\
II-:J o 's I ! :
, [ ‘ 200 400 600 200 \ 1-3*[3!) 1200 14‘30
I -5 ] -~
\ I /
E\-i-a d
&t ! 3 A4 Agial Adiall
T\ (.f'd UJJY 4‘.‘."‘“)3
—es N IN i
;45 \ pladicl e qay
) U (4 Jirall i) edsall
>l Jall o 1) 5all
= FIETIR]

Gasadll ah b il yaat JLEAY Sbal) Ja (12) Jedd

G Dy s LS el Bulai ey réiand) b ds Bl cllal i) 3By Jaral) el (Gadd dls e .
LS ¢(T11) ddaadll (e (G15) eliall jaill 2000 (msaall o Lal i (3-3) 58l o cillal i)
A Byl epal) Gaadal 2y (14) S8y 33 I3 pedipall GGl aay ¢(13) JSAIL (e s

journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
44



MPS su}.gdja.u}c sA.A;T c&ylﬂ\ UA}ASJ\ d;j Lg):...al\ QL’_\JﬂLl L?_L\;M C_.I;)A\ e‘da.\.my bJJJA :ﬂ,ya\:u .):j)ﬁ: Cbﬁ\

4 y = 1E-14x° - 3E-11x*+ 4E-08x3 - 2E-05x% + 0.0052x - 3.4279
R?2=0.2416
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