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SUMMARY
At present, the real-time kinematic relative positioning techniques such as DGPS and RTK
are being used widely for hydrographic surveying in order to determine the horizontal
position of river/sea bottom points. Limitations of the relative positioning method require at
least two GNSS receivers working at the same time and its accuracy depends on baseline
length. On the other hand, the standard absolute positioning method requires one only GNSS
receiver, but it provides low accuracy. Since the RTS service provides real-time corrections of
the GNSS satellites orbit and clock, the RTPPP technique has appeared, which improved
significantly real-time positioning accuracy. This opens up the possibility of applying RTPPP
to the hydrography. We have tested the RTPPP technique at a section of Saigon River, Ho Chi
Minh City, Vietnam, and compared the results with RTK technique. The results show that the
accuracy of the RTPPP in East and North components are 0.26m and 0.17m respectively. This
accuracy shows that the RTPPP technique meets the requirement for the hydrographic
surveying at a scale of 1:1000.
TÓM TẮT
Hiện nay, các kỹ thuật định vị tương đối động, thời gian thực như DGPS và RTK đang được
sử dụng rộng rãi trong công tác đo vẽ địa hình dưới nước nhằm xác định vị trí mặt bằng của
điểm đáy sông/biển. Hạn chế của phương pháp định vị tương đối là cần ít nhất 2 máy thu
GNSS hoạt động đồng thời và có độ chính xác phụ thuộc vào khoảng cách. Trong khi đó,
phương pháp định vị tuyệt đối thông thường chỉ cần duy nhất 1 máy thu GNSS nhưng cung
cấp độ chính xác thấp. Từ khi có dịch vụ RTS cung cấp số hiệu chỉnh thời gian thực về quỹ
đạo và đồng hồ vệ tinh, kỹ thuật RTPPP ra đời đã cung cấp độ chính xác định vị thời gian
thực được cải thiện đáng kể, mở ra khả năng áp dụng vào công tác thủy đạc. Chúng tôi đã đo
thử nghiệm kỹ thuật RTPPP tại một đoạn sông Sài Gòn, Hồ Chí Minh, Việt Nam, và so sánh
với kỹ thuật RTK. Kết quả cho thấy độ chính xác của RTPPP theo các thành phần hướng
Đông và hướng Bắc tương ứng là 0.26m và 0.17m. Độ chính xác này cho thấy kỹ thuật
RTPPP có thể đáp ứng yêu cầu về lập bản đồ địa hình đáy sông/biển tỷ lệ 1:1000.
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1. INTRODUCTION
Positioning Satellites System (GNSS) is ideally suited for onshore and offshore
positioning because of its high accuracy and the short observation time. Currently, the
establishment of river/sea bottom topographic maps requires the horizontal position accuracy
of a few decimetres. Limitations of the relative positioning method require at least two GNSS
receivers working at the same time and its accuracy depends on baseline length. On the other
hand, the standard absolute positioning method requires one only GNSS receiver, but it
provides low accuracy.
Since 2013, contributing to improved accuracy in real-time positioning, the International
GNSS Service (IGS) has assisted users through the transmission service of the GNSS
satellites orbit and clock corrections in real time. These corrections are formatted according to
the RTCM-SSR standard and are transmit to the users via the Internet protocol. Since the RTS
service provides real-time corrections of the GNSS satellites orbit and clock, the RTPPP
technique has appeared, which improved significantly real-time positioning accuracy. This
opens up the possibility of applying RTPPP to the hydrography.
Real Time Precise Point Positioning (RTPPP) is a relatively new technique of absolute
positioning. Basically, RTPPP is the development of the Precise Point Positioning (PPP)
technique. RTPPP uses carrier phase and pseudo range in ionospheric-free linear combination.
In order to get high accuracy of survey point positions, RTPPP needs satellite orbit and clock
corrections which can be got from the Real Time Service (RTS) of the IGS.
According to our previous paper [1], the accuracy of real-time kinematic positioning by
using PPP with IGS-RTS corrections of the North, East and Up components is 0.19 (m), 0.25
(m) and 0.23 (m), respectively. These accuracies are improved in East (78%), North (75%)
and Up (89%) components compared with single point positioning using the broadcast
ephemeris (0.87, 1.01, 2.14).
This paper will present the research on the application of RTPPP for the hydrographic
surveying in Vietnam, by comparing them with the RTK technique.
2. RESEARCH METHODOLOGY
2.1 Algorithm

Research on Application of RTPPP for the Hydrographic Surveying in Vietnam (9909)
Pham Can and Nguyen Ngoc Lau (Vietnam)
FIG Working Week 2019
Geospatial information for a smarter life and environmental resilience
Hanoi, Vietnam, April 22–26, 2019

The RTPPP technique uses the pseudo range and carrier phase observation from a single
dual-frequency receiver. RTPPP can use ionospheric-free linear combinations in order to
eliminate the ionospheric effects on satellite signals [11].
Pi ,3k ( t ) = 1Pi ,1k ( t ) −  2 Pi ,2k ( t ) = ik ( t ) + c dti ( t ) − dT k ( t )  + Ti k ( t ) +  i−,3k ( t )
(1)

ik,3 ( t ) = 1ik,1 ( t ) −  2ik,2 ( t ) = ik ( t ) + c dti ( t ) − dT k ( t ) + Ti k ( t ) + bik,3 +  ik,3 ( t )

(2)

Where:
k
k
•  i ,1 ( t ) and i ,2 ( t ) are phase measurements of f L1 and f L2 respectively

k
k
• Pi ,1 ( t ) and Pi ,2 ( t ) are pseudo-range measurements of f L1 and f L2 respectively

k
• i ( t ) is the geometric distance between receiver and satellite

k
• Ti ( t ) is the troposphere delay

• dti ( t ) and dT k ( t ) are the receiver and satellite clock corrections respectively
k
−k
•  i ,3 ( t ) and  i ,3 ( t ) are the relevant measurement noise components, including

multipath
k
• bi ,3 is the iono-free ambiguity parameter (non-integer)
• c is the speed of the light
• The coefficients :
1 =

( f L1 ) 2
( f L1 ) 2 − ( f L2 ) 2

 2.545728 and  2 =

( f L2 ) 2
( f L1 ) 2 − ( f L2 ) 2

 1.545728

(3)

The RTPPP estimates four types of parameters:- the receiver position, the receiver clock
error, the tropospheric zenith path delay, and the ambiguity.
The accuracy of the broadcast ephemeris is 1 m for satellite’s orbit and 5 ns for
satellite’s clock [4], these shall be corrected to improve positioning accuracy. In such cases,
IGS-RTS can be used as correction values to broadcast ephemeris. Information related to
satellite orbit corrections is provided via message type 1057 and information related to
satellite clock corrections is provided via message type 1058.
The GPS satellites orbit correction  O include three position component: radial (  Or ),
along-track (  Oa ), cross-track (  Oc ), and three velocity component:  Or ,  Oa ,  Oc
respectively. Calculate the orbit correction for time t according to time t0 [2].
 Or   Or 


 O (t ) =  Oa  +  Oa  .(t − t0 )
 Oc   Oc 

Calculate the direction unit vectors: er , ea , ec
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(4)

ea =

r
rr
; ec =
; er = ea  ec
r
rr

(5)

where:- r is the satellite broadcast position vector and r is the satellite broadcast
velocity vector at time t.
Transform the corrections to geocentric corrections

 r (t ) = er

ea

ec . O(t )

(6)

Correct the geocentric corrections  r (t ) to broadcast orbits r (t ) to obtain precise orbits
rp (t ) = r (t ) −  r (t )

(7)

The GPS satellites clock correction includes three parameters: C0 , C1 , C2 . Calculate
the clock correction for time t according to time t0 [2].
(8)
 C (t ) = C0 + C1.(t − t0 ) + C2 .(t − t0 )2
Correct the clock correction  C (t ) to broadcast clock
 C (t )
dT s (t ) = dTb s (t ) +
c
where: c is the speed of light.

(9)

We have estimated the precision of the GPS satellites orbit and clock corrected by RTS
corrections [10], The result has shown that the precision of the GPS satellites orbit is about
0.3m, while the precision of the GPS satellite clock corrections is about 1.2ns.
2.2

Methodology

Some general settings for processing are given in Table 1.
Table 1. Setting parameters in RTPPP processing
Content
GNSS System
Satellites Orbit and
clock corrections
Observation data
Elevation angle
Sampling rate
Tropospheric model
Ionospheric model
Ambiguity parameter

Value
GPS
Broadcast ephemeris and
IGS-RTS corrections
Both phase and code
measurements
10o
1 second
- UNB3m
- Sasstamoinen model
- Neill mapping function
Ionospheric-free linear
combinations
Non-integer (float solution)
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Basic flowchart for this research can be seen in Figure 1:

Figure 1. Flowchart for research methodology

Research on Application of RTPPP for the Hydrographic Surveying in Vietnam (9909)
Pham Can and Nguyen Ngoc Lau (Vietnam)
FIG Working Week 2019
Geospatial information for a smarter life and environmental resilience
Hanoi, Vietnam, April 22–26, 2019

3. TEST STUDY
To evaluate the accuracy of RTPPP with IGS-RTS corrections, we conducted 2 types of
techniques: RTK and RTPPP. The survey points by RTK techniques are used as reference
points. We only use one rover antenna installed on the vessel as shown in Figure 2. The
signal from the antenna will be transmitted simultaneously into 2 receiver boxes via the
splitter.
• System 1: the AT502 antenna connected to the Topcon Legacy-E receiver. It receives
corrections transmitted from the base station which is setup at the benchmark BM00
in order to compute the coordinates of the AT502 antenna by the RTK technique.
• System 2: the AT502 antenna connected to the Leica SR530 receiver. It collects
measurements to transmit to the laptop, while the laptop is also connected to the
Internet to get RTS corrections from the IGS so that it can compute the coordinates
of the AT502 antenna by the RTPPP technique.
In addition, so as to collecting depth data for the establishing hydrographic map, we
installed transducer of echo sounder with AT502 antenna.

Figure 2. The base station on the point BM00 & AT502 Antenna on the vessel
The total length of the 1.5 km survey lines (Figure 3) was observed by GPS (1 hour, 28
minutes) dual frequency receivers on [2018-10-26] at Sai Gon River, Ho Chi Minh City,
Vietnam. using Leica AT502 antenna with 1 second observation time interval and 10o
elevation mask angle.
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The reference coordinates of the benchmark BM00 was processed by Static PPP method
shown at Table 2. With the accuracy of Static PPP only at the level of mm-cm [9], so it is
used as the basis for comparison with RTPPP results.
Table 2. Coordinates of the benchmark BM00 in ITRF2014.
Benchmark

Duration

BM00

2 hours

X (m)

Y (m)

Z (m)

-1803237.351

6000918.322

1186788.963

4. RESULTS AND DISCUSSIONS
Measurement data including coordinates and depth are collected in real time and
automatically saved to the computer via Hypack software. Figure 3 shows the survey area
(magenta polyline), design run lines (pink lines) and contour lines are interpolated from
survey points.

Figure 3. A layout of the project viewed on Google Earth [2018-10-26]
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The horizontal coordinates values obtained from processing by RTPPP are compared
with the coordinates values processed by RTK according to the following formula:
n

mN = 

 (N 2 − N1 )2
i =1

n

n

mE = 

 (E
i =1

2

− E1 )2

n

mP =  mN2 + mE2

(10)

(11)

where:- (N1, E1) are the horizontal coordinates processed by RTK, and (N2, E2) are the
horizontal coordinates values processed by RTPPP.
With the survey coordinates using RTK, the mode is 100% RTK fixed. Thus, the
coordinate values of survey points by RTK technique are used as reference values. According
to [12], the accuracy of the RTK for fix solution is only a few cm, which is sufficient to refer
to when evaluating the results of RTPPP.

Figure 4. Analysis for the accuracy of RTPPP using IGS-RTS corrections
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Table 3. Statistical results of RTPPP using IGS-RTS corrections.
mE (m)

mN (m)

mP (m)

0.26

0.17

0.31

Table 3 shows the accuracy of the RTPPP technique. These numbers are computed
following (10) and (11). Compared with the RTK technique, RTPPP gives the horizontal
accuracy about ~26 cm for Easting and ~17 cm for Northing.
Figure 4 illustrates the RTPPP results for survey points. The figure shows the RTPPP
error values in the East, North directions compared with RTK technique. The X-axis refers to
the number of survey points (one epoch/1 sec) and Y-axis indicates the deviation value in
meter level. According to Figure 4, the deviation range of the North component from -0.2 to
+0.2 m except for a few points about ~ 0.5 m deviation. Meanwhile, the range deviation of the
East component from -0.3 to +0.3 m except for a few points about ~ 0.6 m deviation.
According to the document [15], the accuracy of the horizontal component of the depth
points does not exceed 0.6mm on the hydrographic map, therefore, we have statistical results
in Table 4.
Table 4. The accuracy of RTPPP and limit accuracy of technical requirements
Scale

mP (m)

mPmax (m)

Comment

1:500

0.31

0.30

not yet reached

1:1000

0.31

0.60

reached

Table 4 shows the accuracy of RTPPP technique meets the requirement for the
hydrographic surveying at a scale of 1:1000. Moreover, the RTPPP approximately can meet
the requirement for the hydrographic surveying at a scale of 1:500.
The IGS-RTS corrections are transmitted to users via the internet, in order to get
satellite orbits and clocks corrections depend on the quality of the internet. If there is any
problem with the internet connection, it will also interrupt the results of RTPPP technique.
5. CONCLUSION
The main goal of the current study was to investigate the RTPPP solutions for the
hydrographic applications in Vietnam. The project has been observed on the Sai Gon River,
Ho Chi Minh City, Vietnam. RTPPP software ver1.2 was used to obtain the RTPPP solution
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for the measurement data. The RTK solution is used as a reference solution for the RTPPP
solution. The results show an RMS error of 0.26m and 0.17m for East and North respectively.
This accuracy shows that the RTPPP technique meets the requirement for the hydrographic
surveying at a scale of 1:1000.
RTPPP is a new promising technique in the position determining due to its efficiency
and low cost. In general, RTPPP can provide results for kinematic cases with an accuracy of a
few dm. With the accuracy of RTPPP, it can be applied in hydrographic surveys. Especially,
we can effectively apply RTPPP technique for offshore surveying that current RTK technique
cannot perform.
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