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Abstract:

The geodetic shoreline positioning has socioeconomic importance due to decision-making support
related to the coastal zone. The Pernambuco state, Brazil, has established a state law no.
14.258/2010 sanctioned as part of Coastal Zone Management State Policy. The state act no.
42.010/2015 enacted the baseline information for Pernambuco shoreline. Considering that the
shoreline mapping benefits from GNSS positioning using relative or absolute methods, the
absolute PPP was the choice for legislation support. Therefore, the aim of this work is to depict
about the Pernambuco state law and analyze the kinematic PPP accuracy applied to shoreline
monitoring in order to attend the state act. The relative GNSS method was adopted as reference
to assess the PPP accuracy for the Pernambuco shoreline. The analyses for each sector involved
approximately one hour of kinematic GNSS data and the results indicate horizontal positioning
accuracy around 0.50 m after PPP convergence period. Several PPP re-initialization has been
detected, however, points considered outliers are removed from the final product. For this reason,
recommendations are provided to improve the positioning applied for coastal zone monitoring.
Although, the carried out experiments shows that PPP can be adopted as a practical tool to
support the Pernambuco Coastal Zone Management.
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1. Introduction

The shoreline is the boundary between the continent and the adjacent portion of the sea
where there is no effective marine action at the maximum range of the waves (Suguio, 1992;
Awange, 2012; Asib et. al, 2018). The shoreline monitoring is underlying for several regions around
the world and it plays an important socioeconomic and environmental role, since the monitoring
allows evaluating coastal erosion processes related to sediment transportation that often leads to
coastal zone settlement problems (Goncalves et al., 2012a; Goncalves et al., 2012b; Mendonca et
al. 2014).

The Integrated Coastal Zone Management (ICZM) requires information from shoreline
monitoring to take actions about recovering and marine areas preservation, highlighting the
importance of climate change research applied to coastal zones (CENCI et al., 2018; BRACS et al.,
2016; NATESAN et al., 2015). Thus, shoreline monitoring becomes essential information as models
input able to evaluate coastal erosion vulnerability. For instance, from shoreline change rate
(meters/year), it is possible to detect the behavior of a specific beach sector describing, for e.g., if
it is stable or even facing coastal erosion problems.

The coastal zone management is extremely important and consequently, authorities
concern about present and future actions, particularly about the natural resources that provide
support for life and opportunity for economic and touristic developments around coastal countries
(Clark et al., 1998).

In Brazil, the Law n. 7.661 from May 16 of 1988 shows the coastal monitoring commitment.
Such law established the National Coastal Management Plan (PNGC) as an integral part of the
National Environmental Policy (PNMA) and the National Policy for Marine Resources (PNRM),
aiming to guide the rational use of resources in the coastal zone and being a legal framework
showing how to protect and preserve the environment in a sustainable way.

The Pernambuco state government published in December 23 of 2010 the Coastal
Management Law under the number 14.258 aiming the coastal environmental preservation and
consequently appreciation. The coastal zone concentrates great economic and touristic potential
and the State law in the chapter V and article 10 proposes that in urbanized areas it will not be
allowed any kind of new buildings construction, nor urbanization or any kind of soil utilization
taking account a distance of 33 meters (considered as non-aedificandi) from the shoreline.

In August 04 of 2015, it was established the act number 42.010 which showed the Global
Navigation Satellite System (GNSS) positioning for Pernambuco state shoreline delimitation by
taking account the maximum high spring tide as shoreline indicative. In addition, the second act
recommend intervals of five years (temporal resolution) for shoreline monitoring and update,
considering that such period could be variable depending on the climate change and local
dynamic.

Considering the state law, the Pernambuco Environment and Sustainability Secretariat
(SEMAS) requested support from Federal University of Pernambuco (UFPE) to perform the
shoreline monitoring through GNSS in a kinematic surveying mode aiming to map the entire
Pernambuco coastal zone.

The choice for a specific geodetic technique considering the coastal monitoring is not a
trivial task due to several factors, for e.g., the shoreline extension, feasibility, operational, financial
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costs and positional accuracy (Awange, 2012; Goncalves 2010). Some applied techniques could be
cited, as for example, remote sensing or traditional photogrammetry using airplanes or even
nowadays using Unmanned Aerial Vehicles (Moussaid et al., 2015; Turner et al., 2016).

Concerning the GNSS positioning, it is possible to carry out absolute or relative positioning.
In Brazil, the GNSS data provided by the Brazilian active network (Brazilian Continuous Monitoring
Network - RBMC) support the relative positioning realization. However, there are only one GNSS
station located at Recife, capital of Pernambuco state, providing long baselines (up to 200 km)
considering the extremes of the state in the northern and southern sectors, which can
compromise the relative positioning quality. On the other hand, Real Time Kinematic (RTK) method
is another option; however, considering the long coastal zone extension, limitations arise due to
frequent base receiver repositioning in function of radio communication range. Further details
about comparison among RTK, Precise Point Positioning (PPP) and relative kinematic methods
regarding supporting coastal monitoring can be seen in Goncalves and Awange (2017). Therefore,
the adopted method in this work is the kinematic PPP whereupon only one receiver collects GNSS
data providing a higher yield in surveying.

The main objective of this paper is to depict about the state coastal management law
(14.258/2010) and to assess the accuracy of kinematic PPP applied to Pernambuco state shoreline
monitoring. The GNSS data collected on board by a GNSS receiver (GPS and GLONASS) adapted by
an antenna using a quadricycle and tracking the entire coastal zone state were post processed in
the kinematic PPP mode. Furthermore, the relative method for a given sample (Recife region) with
short baselines provided reference coordinates for accuracy analysis. The paper presents in
Section 2 a review on GNSS methods, the methodology and the data used are presented in Section
3. The results and analyses are in Section 5 and conclusions in Section 6.

2. Review about GNSS Positioning

The GNSS positioning methods are, generally, divided into absolute and relative. In the
absolute, the user needs only one GNSS receiver for surveying and in the relative, two or more
receivers acquiring GNSS data simultaneously are necessary as represented in the Figure 1.
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Figure 1 — Representation of absolute (a) and relative positioning (b)
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The specialized literature in geodesy provides detailed description on how to model GNSS
errors (Witchayangkoon, 2000; Seeber, 2003; Leick, 2004; Leandro, 2009; Hauschild, 2010), which
include satellite orbits, clocks and hardware delays, antennas phase center variations,
atmospheric effects (ionosphere and troposphere) and relativity corrections.

Considering kinematic positioning, several problems may occur due to the movement of
vehicles affecting the Dilution of Precision (DOP) factor, causing sometimes cycle slips, and loss of
satellites signals. The combined effects of orbits, clocks, hardware and other propagated errors,
when projected into the satellite receiver direction is denominated User Equivalent Range Error
(UERE) or simply User Range Error (SEEBER, 2003).

The total UERE comprises the components of each GNSS system segment: spatial, control
and user. The contribution of each UERE component for single or double frequency measurements
is passible of analyzes. Normally, the total UERE is assessed based on the Root Sum Square (RSS)
of each error source assuming Gaussian distribution. Table 1 shows the contribution of GPS errors
in pseudorange measurements considering the Standard Positioning Service (SPS) and Precise
Positioning Service (PPS) for a single point positioning (Kaplan and Hegarty, 2006).

Table 1: Contribution of errors in the GPS pseudorange measurements

Typical UERE pps | 1YPical UERE
Segment Source of Error SPS
Error 1 o (m)
Error 1 o (m)
Broadcast clock 1.1 1.1
Spatial/
Hardware Delay L1-P(Y)-L1(C/A) - 0.3
Control
Broadcast Orbit 0.8 0.8
Residual lonosphere delay 0.1 7.0
Residual Troposphere Delay 0.2 0.2
User
Receiver Residual 0.1 0.1
Multipath 0.2 0.2
UERE Total Total RSS 1.4 7.1

Source: Adapted from Kaplan and Hegarty (2006).

The residual effect appears after the mathematical model application for the
measurements corrections. For a single frequency data, Table 1 shows that the dominant error is
due to ionosphere layer after the transmitted coefficients application considering the Klobuchar
model.

The absolute positioning is very useful for navigation solution and the Precise Point
Positioning provides positional estimation with centimeter accuracy. The traditional PPP method
involves the application of ionosphere free combination (ion-free), precise orbit and clocks,
troposphere estimation and modelling of several errors such as relativity corrections, phase-
windup, Ocean Tide Loading, Earth Body Tide, Phase Center Variation for receiver and satellites
among others.
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The equations (1) and (2) represents the functional model for the PPP data adjustment
involving as parameters the receiver coordinates, receiver clocks, zenithal wet tropospheric delay
and ambiguity (Witchayangkoon, 2000; Seeber, 2003; Leick, 2004; Kaplan and Hegarty, 2006;
Leandro, 2009; Hauschild, 2010; Marques, et al., 2014):

PR = o7 +C(dtr(tr)—dts(tt»+mfZWd +e (1)

PR;

AEDET = pr +c(dtr(tr)—dts(tt))+ MN|E +m¢Zwd + ¢ (2)

o
Where:
J PR”:? and /1||:¢||:? - refer to ionosphere-free pseudorange and carrier phase
(meter), respectively;
e p; -isthe geometric distance between receiver r and satellite s;
. dtr(tr) and dts(tt) - are the receiver and satellite clock correction at signal

reception time t; and transmission time tt, respectively;

e Zwd and Mj -are wet tropospheric delay in the zenith direction and its mapping

function, respectively.

N|g - is the phase ambiguity;

The mathematical models as presented in equations (1) and (2) are not linear. The
linearized equation of type E{L} = AX through Taylor expansion for the receiver r and satellite s;can
be written as:

_AXT_

. xSi_x0 ysi_y0 z5i-79 AY,

si - T T - - 1 my 0 r

VPR, OO (o)’ AZ,

E si| (= i i si_z0 dt (3)

VAir i X vtow 2B me aef|S

r ) Zwa
| N3]

The symbol V indicate the L vector (observed minus computed values). The first three
columns of the design matrix A contain the derivatives in relation to station coordinates and
represents the director cosine for the satellite-receiver vector. The mapping function for Zenithal
wet troposphere is represented by my. The corrections for Cartesian coordinates are given by AX,,
AY, and AZ,. The factor c represents the vacuum light velocity; the receiver clock is estimated as
meters for numerical reason and the ambiguity in this case is obtained as float solution. Several
researches nowadays attempt for ambiguity resolution as fixed in the PPP being known as mixed
PPP-RTK, as can be seen for example in Laurichesse et al. (2008); Geng et al. (2011) and Teunissen
and Khodabandeh (2015).

The relative positioning allows the Double Difference (DD) computation among
observables from separated stations, which eliminate most of common errors involved with GNSS
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signal propagation as well as providing more feasible fixed ambiguity solution, mainly when
considering short to medium baselines (Seeber, 2003; Leick, 2004). The DD equation for
pseudorange and phase, considering short baselines and only a single frequency, can be written
as (Seeber, 2003; Leick, 2004; Hofmann-Wellenhof; Lichtenegger; Wasle, 2008; Monico, 2008):

APRilis ZApi'iS + (4)

VPDiES )

where Apiﬁs =pir —,oJ'-r —pis +,DJ$ and Voprs represents, respectively, the combination of
]

geometric distances and DD pseudorange residuals. Similarly, the DD phase combination can be

written as:

f
A = . Apiy + AN +v (5)

&>

where AN{® = N{ — NE ~N{ + N]?‘ is the double difference of ambiguity that is known to be an

integer number and can be solved by mathematical approaches, as for example, the LAMBDA
method (Teunissen, 1998). The unknown parameters involved in the relative positioning are the
baseline components (AX, AY and AZ) and DD ambiguities (Hofmann-Wellenhof; Lichtenegger;
Wasle, 2008; Monico, 2008).

The materials and methods used for the experiments are described in the next section.

3. Materials and Methodology

3.1 Study Area and Currently Infrastructure Available

The area under investigation is the Pernambuco state located in the northeast of Brazil and
bathed by the Atlantic Ocean with coastal zone length around 187 km. In the northern border are
the limits with Paraiba state near Goiana city (-07°33’50.0”; -34°50°’06.4”") and in the southern
face with Alagoas state near Sdo José da Coroa Grande (-08°48’33.2""; -35°07’17.2""). Concerning
the geodetic infrastructure available for positioning, the Brazilian user can apply data from GNSS
Continuous Monitoring Brazilian Network (RBMC-IBGE). Further details about RBMC can be seen,
for example, in the IBGE website (https://ww2.ibge.gov.br/home/geociencias/geodesia/rbmc/rb
mc.shtm?c=7).

Currently there are more than 100 stations (Figure 2a) distributed along the Brazilian
territory equipped with dual frequency receivers. Figure 2b shows the RBMC stations distribution
for the Pernambuco state and neighborhoods where the nearest station to the coastline is RECF
located at Federal University of Pernambuco (UFPE) in the Recife city. The approximated minimum
and maximum distances from RECF to the coastline is, respectively, of 10 km and 100 km.
Therefore, this framework configures long baselines for relative positioning estimation and hence
PPP was the choice to attend the Pernambuco state law.

Bulletin of Geodetic Sciences, 25(2): e2019010, 2019
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Goncalves and Awange (2017) showed that PPP is an economical and feasible method
being a reliable alternative for mapping and monitoring shorelines, however; it is recommended
to analyze the PPP accuracy tracking long shoreline distances.

RBMC stations and RECF in the Pernambuco State, Brazil

20w ®)

ATLANTIC OCEAN .PBCG
ATLANTIC OCEAN

& PARAIBA

Recife

4— Jaboatao dos Guararapes
4— |tapuama

A 0 500 1.000 km
L1

PERNAMBUCO

<+— Tamandare
Legend

® Al other stations
® RECF
ALAGOAS Pernambuco State
and Neighborhoods

A Q 25 Municipal
L | Boundaries

Figure 2: (a) Reference map of RBMC distributed along Brazilian territory (b) Pernambuco state
and neighborhoods, where RECF station is located in Recife (capital of Pernambuco)

3.2 Materials

To carry out the kinematic shoreline survey, using 5 seconds rate and 10 degrees elevation
mask, it was used a GS15/Leica (GPS and GLONASS) dual frequency receiver and the necessary
accessories for e.g., batteries, chargers, computer, and collector. The data post processing for
relative positioning was accomplished through Topcon Tools software licensed for UFPE. Vehicle
coupled with GNSS receiver (see Figure 3 (a)) allowed the shoreline surveying. In some regions
with difficult access, the surveyor walked carrying the receiver as shown in Figure 3 (b).
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a) b)

Figure 3: Kinematic survey equipment. (a) Receiver connected to the quadricycle. (b) Field team
on foot in places with difficult access.

GNSS data surveying was carried out during the spring high tide, which occurs in the new
and full moon when the lunar and solar tides reinforce one another, producing the highest and
lowest tides. In this case, the surveyor with experience about coastal geomorphology identify the
shoreline trajectory in situ during the survey.

3.3 PPP and Relative Kinematic Methods: Data Collection and Processing

The PPP post-processing data was accomplished through the online tool from IBGE
(http://www.ppp.ibge.gov.br/ppp.htm) which makes use of the CSRS-PPP software from Natural
Resources of Canada (NRCAN). The CSRS-PPP is capable of processing GPS and GLONASS data in
the static and kinematic PPP modes. The PPP post processing took account final precise orbits and
clocks corrections from the International GNSS Service (IGS), with Troposphere Zenithal Wet Delay
(TZWD) estimated as a random walk process (5 mm/hour). The precisions of 2 m and 0.02 m is
assumed, respectively for the ionospheric free code and phase observables.

The Recife surrounding considering short baselines distances for relative positioning using
RECF station (Figure 2) provided the reference values to evaluate PPP during convergence time
periods. The minimum and maximum distances from shoreline to RECF station are approximately
10 and 20 km, respectively. The relative positioning post processing used precise orbits and three
types of ambiguity solution could be observed: partial, float and fixed (Teunissen, 1998).

Bulletin of Geodetic Sciences, 25(2): e2019010, 2019
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3.4 Evaluation Criteria

The PPP shoreline assessment considered the formal estimated precision, time
convergence as well relative accuracy through Root Mean Square Error (RMSE) as expressed in
equation 1.

RMSE =

The residuals in equation 1 is written as e; = X - x; being x the reference value (average for
example) and x; the observed value at epochi=1,...,n.

Positioning convergence concerns about enough time for coordinates estimation reaching
a certain defined accuracy level (Abou-Galala et al., 2017). In general, around 30 to 60 minutes in
order to achieve centimeter accuracy.

Several problems occurred when traversing the coastline as for example due to abrupt
maneuver of quadricycle, places not accessible, interruptions of signal, etc. Such problems cause
sometimes re-initialization of PPP processing or even wrong position estimation that were
posterior detected and classified as outliers. The final shoreline was obtained after edition in a
CAD (Computer Aided Design) software.

4. Results and Discussion

4.1 Expected accuracy for kinematic PPP

The raw GNSS data collected in the RECF station was processed in kinematic PPP
considering interval data of 24 hours. Although we have data collected in a static reference
stations, it was processed in the kinematic PPP. In this case, there are the possibility to analyze the
expected PPP accuracy since the RECF position is well know from the SIRGAS network solution.

Figure 4 shows the formal coordinates precision (coming from variance matrix of the
adjusted parameters) and discrepancies (also referred as 'errors') in the Geodetic Local System
(GLS) when compared with known coordinates. The coordinates discrepancies (DE, DN and DU)
are obtained by comparison with the official coordinates for RECF station divulged by IBGE, where
the differences found in Cartesian system are converted to GLS (East, North and Up directions)
with the proper propagation of uncertainties providing the SigDE, sigDN and SigDU (Seeber, 2003).
Table 2 presents statistics for kinematic PPP in the static RECF station.

Bulletin of Geodetic Sciences, 25(2): e2019010, 2019



Shoreline Monitoring by GNSS-PPP Aiming to Attendance the Law 14.258/2010 from Pernambuco State, Brazil 10
05 - 0,5
=04
E — 03
502 g
20,2 3 0,1
=) r — r
] g I
=01 8 "W’ ” e
—————————— g_o'l '007'006\0 &0 %, 90’7 \76‘ Je T)O T)00
2 225 Zag Pag 2os 2o
R R R I 5 g3 5 e U e e P % ’s‘ "s ’s %s 25
g g N s N 0\{, 0{, 0\{9 0{9 0{, Oz@ %
-0,5
UTC Time UTC Time
e §jg-DE(M) === Sig-DN(m) Sig-DU(m) e DE(M)  ==—DN(m) DU(m)

Figure 4: Estimated Precision (left) and discrepancies (right) for kinematic PPP in the RECF station

Table 2: Statistics (m) for kinematic PPP for RECF station

DE DN DU 2D 3D
Mean Error -0.0051 | -0.0554 0.0003 0.0556 | 0.0556
Standard Deviation | 0.0395 0.0275 0.1518 0.0481 | 0.1593
RMSE 0.0398 0.0618 0.1518 0.0735 | 0.1687

Figure 4 shows that approximately one hour of collected data provides coordinate
precision with values near centimeter in PPP processing, mainly for planimetric components.
Discrepancies when comparing with RECF known coordinates reach values near 10 cm after the
convergence period. The statistics presented in Table 2 shows RMSE values of near 7 cm and 16
cm, respectively for planimetric (2D) and total resultant (3D), indicating expected accuracy of the
order of decimeter for kinematic PPP for ideal situations.

4.2. PPP shoreline precision

Figure 5 presents latitude and longitude estimated precisions for shoreline PPP considering
the extension between Itapuama and Jaboatao dos Guararapes (Figure 5a) and for a stretch in
Tamandare (Figure 5b).
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Figure 5: Shoreline estimated PPP precision: a) segment between Itapuama and Jaboatao dos
Guararapes; b) segment near Tamandare.
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Figure 5a shows that PPP precision converged to values near 0.20 m in approximately 30
minutes. Such formal precision indicates that PPP attend the demand for shoreline determination.
According to Douglas and Crowell (2000), the meaningful deduction was achievable even if the
inherent variability of shoreline position indicators remained at the level of many meters. On the
other hand, several surveying locations presented re-initialization of PPP positioning and it could
be a challenge to avoid outliers, as can be seen in the sample for Tamandare (Figure 5b).

Although the precision time series presented several peaks, it is important to note the
rapid re-convergence for decimeter level. The PPP re-initialization may occur due to several
factors, as for example: cycle slips involving several satellites causing phase ambiguity parameters
resets; GNSS receiver stop tracking satellites due to obstructions; abrupt quadricycle movements
causing outliers detection in the processing, among others.

4.3 Accuracy analysis between shoreline PPP and relative kinematic

The accuracy analysis was accomplished by comparing PPP with relative kinematic method
taking account short baselines between RECF and the surveyed shoreline during April 29 of 2014.
For this purpose, four regions were selected and named, respectively, as sectors A, B, Cand D (see
Figure 6) with data collecting time of approximately one hour for each sector. The main objective
of using a short time span for GNSS data is to analyze the accuracy during the convergence period
that usually takes around 1 hour for conventional PPP with float ambiguity solution as show, for
example, in the section 5-a. The length of the chosen sectors is of approximately 5 km and the
average distances to the RECF base station are of 10 km, 8 km, 6 km and 5 km, respectively for the
sector A, B, C and D.

36°W (a) (b)

PARAIBA ATLANTIC OCEAN

RECF
®

PERNAMBUCO

RECF Recife

PERNAMBUCO

ATLANTIC]
OCEAN

0 10 20 km
L1

Jaboatao dos Guararapes

Legend

~——» Sectors
@® RECF

Pernambuco State
and Neighborhoods
Municipal
Boundaries

Figure 6: Sectors A, B, C and D near RECF aiming the PPP accuracy analysis with data collecting
time of approximately one hour.
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The Figures 7 until 10 show the time series of precisions (SiglLat, SigLon and SigH) for each
sector and also show the differences (discrepancies) found among Relative and PPP coordinates

(Dlat, Dlon, Dh and 2D).

Precise Point Positioning

Precision {(m)

&

]

10:47:15  10:54:45  11:02:15 11:09:45 11:17:15 11:24:45
uTcC

e Siglat e Siglon SigH

Relative versus PPP

Tl

Differences{m)

3
2
1
[V
1
2
3

10:47:15  10:54:45  11:02:15 11:09:45 11:17:15 11:24:45  11:32:15
uTc

¢ Dlat e Dlon «Dh

Relative Positioining

0.1
b
—. 0.08
£
= 0.06 . ol
:% N 'h,.. . . - -
g oo ‘.:.'?_ . N =
& 0oy == LY Spfemmiaen
0 .
10:47:15 10:54:45 11:02:15 11:09:45 11:17:15 11:24:45 11:32:15
UTC
e Siglat e Siglon SigH
Planimetric Error (m)
3
2.5

[

.
1

2D Error (m)
=
wn

A
o.z "'{'\M —_— .

10:47:15 10:54:45 11:02:15 11:0%:45 11:17:15 11:24:45 11:32:15
uTC

Figure 7: Time series precisions and discrepancies between relative and PPP for the sector A

The data collection for sector A starts at 10:47:15 and finished 11:32:15 providing

approximately one hour of data. From Figure 7, it could be seen that PPP precisions reach the

order of 0.50 m after about 30 minutes of data processing. The precision in the relative positioning

presents the order of 0.05 m. The discrepancies reached values of the order of 0.50 m after few
minutes and with one hour of data processing, the minimum planimetric error (2D error) found is

of approximately 0.05 m.
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Figure 8: Time series precisions and discrepancies between relative and PPP for the sector B

The time span for the sector B is of approximately 36 minutes (11:32h - 12:08h) and
although re-initializations could be observed in the data processing, the planimetric error was of
0.23 m at the end of the sector as can be seen in the Figure 8.
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Figure 9: Time series precisions and discrepancies between relative and PPP for the sector C
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The data collection for the sector C start near 12:20 h with one hour of surveying as shown
in the Figure 9. The PPP precisions converted to decimeter values after few minutes but severe
re-initialization occurred after approximately 50 minutes of data processing. In this case, the
planimetric error reached minimum value of about 0.50 m and in most of time the values is around
1m.
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Figure 10: Time series precisions and discrepancies between relative and PPP for the sector D

As occurred in the sector C, re-initialization can be observed for the sector D (Figure 10)
affecting the accuracy during the PPP convergence period. The time span of GNSS data collected
in the sector D is near 50 minutes and the values of planimetric error is around meters.

Considering the plots for all sectors presented in the Figures 7 until 10 the estimated PPP
precision reached the order of 0.50 m after the convergence period (approximately 30 minutes).
The sector C showed the biggest resetting peak in the PPP positioning, that may be related to
abrupt quadricyle maneuver, loss of satellite signals, cycle slips or other events.

The statistics (mean, standard deviation and RMSE) computed considering the entire data
periods for each sector can be seen in the Table 3.
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Table 3: Statistics when comparing kinematic PPP and Relative during the convergence period.

Sector | Component | Mean Error (m) | Standard Deviation (m) | RMSE (m)
Latitude 0.089 0.156 0.180
A Longitude -0.313 0.160 0.352
Height -0.056 0.586 0.589
Latitude 0.091 0.324 0.336
B Longitude -0.313 0.506 0.595
Height -0.624 0.554 0.834
Latitude -0.385 0.763 0.854
C Longitude 0.609 1.000 1.171
Height -0.658 0.842 1.069
Latitude -0.342 0.411 0.535
D Longitude -0.329 0.846 0.908
Height -0.080 0.667 0.672

The maximum RMSE value (Table 3) was 1.17 m in longitude for the sector C and the
minimum RMSE value was 0.18 m in Latitude for the sector A. The RMSE resulting for the
planimetric components (latitude and longitude) are 0.39 m, 0.68 m, 1.45 m and 1.05 m,
respectively for sectors A, B, C and D. These RMSE is in accordance with expected results for
kinematic shoreline monitoring, even considering the analyses were carried out taking account
the convergence period of the PPP. Conclusions and recommendations are provided in the next
section.

6. Conclusions

This paper presented quality assessment of kinematic PPP for shoreline determination in
the Pernambuco state aiming to comply with state law no. 14.258/2010 that establishes the State
Policy of Coastal Management. The shoreline was defined for 2014 high tide and the GNSS
surveying was carried out using dual frequency receiver coupled to a quadricycle covering
approximately 187 km.

The shoreline monitoring is crucial due to socioeconomic and environmental importance.
The identification of the shoreline is not so trivial since it involves continental and oceanographic
dynamics that is still subject to climatic and anthropic changes. The adopted method was the PPP
considering that for the relative method the available RBMC station (RECF) is far hundreds of
kilometers from the state border providing formation of long baselines. The application of the RTK
method or new control stations requires greater investments while the PPP application could
provide enough accuracy for shoreline monitoring making use of only one receiver.
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The analyses involved PPP convergence time and accuracy taking as reference, values from
relative positioning for Recife region. The GNSS data processing in PPP mode was carried out using
the online tool provided by IBGE and the estimated formal precisions reached approximately 0.20
m after convergence period that took around 30 minutes to one hour.

When comparing PPP against the relative positioning, the discrepancies reached the order
of 0.50 m after convergence time. However, several positioning re-initializations occur degrading
the accuracy to the meters order. The comparisons was accomplished for sectors near the RBMC
station and considering data collection of about one hour, in order to assess the accuracy during
the convergence period. The RMSE for the entire period in all sectors vary from near 0.18 m until
1.17 m, respectively for Latitude and Longitude as shown in the section 4.

Accuracy ranging from 0.20 m until approximately 1 m can be considered enough for
shoreline monitoring since the final shoreline map is obtained after CAD edition, where normally
outliers are detected and eliminated allowing the uniform shoreline recovering (Douglas and
Crowell, 2000; Goncalves et al., 2012). The RMSE values found for the sample region indicate that
the accuracy provided by the kinematic PPP method attend the demand for systematic shoreline
monitoring, mainly in face of the terrestrial dynamic involved. It is important to emphasize that
the PPP method application represents high productivity in terms of positional estimation and do
not requires network GNSS near the shoreline.

However, due to several re-initializations observed in the positioning some
recommendations may help for future works, as for example, to keep the vehicle in a static
situation for some minutes before starting of shoreline surveying, in order to allows the PPP
achieve the convergence. In any case, it is important to note that the IBGE PPP online tool does
not allows the user to configure information for processing, e.g., the observable precisions for the
stochastic model, the elevation cutoff value or others that could minimize the re-initializations and
peaks in the time series of coordinates precisions. Considering the shoreline must be monitored
at each five years, a good strategy for future works is to apply PPP processing tools that allow
better interaction with users and also to attempt for modern application involving the PPP-RTK
method with fix ambiguity resolution.
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