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The current developments in positioning 
techniques and communication technology have 
great impact on both construction and operations 
of ports. The majority of positioning systems for 
marine traffic are satellite based such as GPS. 
Virtual Reference Station (VRS) is one of the 
recent high precision techniques for GNSS 
positioning which can be used for smart and 
efficient port. 



Satellite positioning systems in ports and waterways 

• Differential GPS Positioning (DGPS) 

• Real Time Kinematic GPS positioning (RTK GPS) 

• Network RTK / Virtual Reference Station (VRS) 



• Differential GPS Positioning (DGPS) 

DGPS uses a network of fixed, ground-based reference stations to broadcast the 
difference between the positions determined by the GPS and the known fixed 
positions of the stations. These differences are received by the users as 
corrections which can be applied to improve the accuracy of their GPS positions.     

 



The DGPS network in Egypt consists of six control stations, each 
has one reference station and radio beacon broadcast site with 
integrity monitoring and communications links.  



Real Time Kinematic GPS positioning 

Base station with 
know position Rover station 

with unknown 
position 

*Both Base and Rover station receive GPS data form at least 5 satellite. 

* Base station sends the received GPS data to the rover stations as corrections.  

Radio link 

* The data are processed at the rover station and the unknown ambiguities are 
resolved. The coordinates of the rover position can be determined with high 
accuracy relative to the base station.   



• Two receivers for each job 

Limitations of Classical RTK 

• Two receivers for each job 

 

• Communication (radio) 

 

• Potential gross error in establishing ref. stn. 

 

• Productivity loss 

 

• Power supply 



Network RTK / Virtual Reference Station (VRS) 

2- Send approximate position  via internet  
protocol ( NTRIP) to control station 

3- Control Center generates 
individual VRS Position for 
each rover 

1- Reference Station 
Data streams back 
to the Control 
Center 



General Advantages RTK Networking 

• Cost and labor reduction, as there is no need to set up a base reference 
station for each user 

• Accuracy of the computed rover positions is more homogeneous and 
consistent as error mitigation refers to one processing system 

• Accuracy is maintained over larger distances between the reference 
stations and the rover.  

• The same area can be covered with fewer reference stations compared 
to the number of permanent reference stations required using single 
reference RTK. The separation distances between networks stations are 
tens of kilometers, usually kept less than 100 km.  

• Network RTK provides higher reliability and availability of RTK 
corrections with improved redundancy, such that if one station suffers 
from malfunctioning a solution can still be obtained from the rest of 
the reference stations.  

• Network RTK is capable of supporting multiple users and applications. 
 
 
 
 
 



This paper focuses on the advantages of using RTK/VRS in 
hydrographic surveying, dredging, and real time under-keel 

clearance monitoring. 

•  Hydrographic surveying of the ports water area and navigation 
channels. 

   
• Precise and economic dredging and construction of quay walls and 

coastal protection. 
 

• Ship under-keel clearance monitoring, berth docking and piloting 
systems. 
 

• Precise tracking for position and speed to feed into the vessel tracking 
systems.  
 

• A positioning system infrastructure for terminal asset management. 

RTK/VRS applications in port operations 



Advantages of using VRS in hydrographic surveying 

• Conventional hydrography determines a chart depth by 
measuring the distance from the sounding transducer to the 
bottom and then applying corrections for draft and tide. Tide 
gauges can only report the tidal condition at the place where 
they are installed and cannot define swell conditions. In case 
of projects located far from the tide gauge, significant 
differences may occur. 

• RTK/VRS GPS receivers can measure the latitude, longitude 
and height above the WGS-84 reference ellipsoid to within a 
few centimeters. Using this vertical accuracy, water level 
corrections (tide corrections) can be determined. This 
eliminates the need to use conventional tide gauges or to 
assign personnel to monitor tide staffs. The separation 
between the WGS-84 reference ellipsoid and the chart datum 
has to be pre-determined for the survey area.  



 
This figure shows vertical datums in hydrography where the tide can 
be calculated using RTK/VRS techniques   



This figure shows the tide values measured by both the tide gauge and RTK/VRS 
for an area about 10 km away from the tide gauge. Data obtained during a 
maintenance dredging project in Port Said East Port were utilized .It is noticed 
that, there is nearly a 10 cm gap between the measured values in each case. 
Tide measurements at the location of tide gauge deviate from the tide values at 
the project site due to the change in the sea state conditions 

The limitation of using RTK/VRS for measuring tide is the assumption that the 
separation between ellipsoid and CD for the project area is constant where the 
gradient of chart datum is considered zeros. 



Figure 7. Example of effect of errors in position on the measured depths 

Many errors associated with GPS positioning can be eliminated 
through careful calibration procedures prior to each survey. The 
remained errors affect the measured coordinates depending on the 
type of equipment and measurements technique.  The following 
figure illustrate an example of effect of error in horizontal position of 
survey vessel on the measured depth and consequently on the 
calculated dredged volume. In areas with flat bottom, this effect may 
not be significant. 



Precise and economic dredging and construction 

• Using the VRS network provides improved accuracy for both horizontal 
positioning and depth. Therefore, and the possibilities of missing spot 
shoals are decreased. Also, knowing the exact draft of the vessel enables 
increased accuracy for dredge cuts. Plus the improved accuracy makes 
dredging around piers and pilings easier 

• To inspect the effect of the used positioning equipment on the 
estimated dredged volume, an experiment has been carried out in Arish 
Port. Hydrographic survey has been performed using two different 
positioning equipment RTK and DGPS model. 

• The difference in dredging volume to level (-13 m) using DGPS and RTK 
GPS is about 3000 cubic meters. Considering the average cost of 
dredging is 7$ per cubic meters, the direct difference in cost is about 
21000 $ which nearly the difference between purchasing cost of RTK 
GPS and DGPS.  





To investigate the effect of using RTK/VRS GPS in tide measurements the 
volume of the dredged materials of Port Said East Port maintenance 
dredging project has be calculated.  The difference in volume is more the 
200000 cubic meters . The difference in volumes is considerable amount and 
has significant impact on the project cost. 



keel clearance monitoring-time ship under-Real  

Under-Keel Clearance is the most important factor which determines the 
possibility of ships hull touching the bottom, therefore it is one of the basic 
elements which decide of navigation safety in restricted waters. The basic 
navigator’s responsibility is to keep safe under-keel clearance in any conditions. 
It has been recommended to reduce UKC without compromising safety for less 
cost and reduce possible environmental impact of dredging  

The ability of RTK/VRS GPS receivers to determine the altitude of fixed points on 
the vessel relative to a known vertical datum means that the potential exists to 
bypass the measurement of tide heights, ship drafts and local sinkage in 
determining the elevation of a ship’s keel relative to chart datum. When 
combined with charted bathymetry, the under-keel clearance can then be 
obtained.  



 
Real-time UKC at bow = (chart datum depth at bow at that instant) 

                                      + (measured bow GPS altitude above chart datum at that instant) 
                                          – (bow GPS antenna height above keel)…………………………..(1) 

  

Overseas operational experience confirmed that applying a real-time UKC 
monitoring systems give greater understanding of the margin of navigational safety 
and increase the potential for economic benefit to the users by permitting 
increased cargo uplift 



Applications of CORS/VRS in Development of 
Suez Canal Corridor 

The Suez Canal Corridor Project is a mega project in Egypt. The 
project's goal is to increase the role of the Suez Canal region in 
international trading and to develop the three canal 
cities: Suez, Ismailia, and Port  Said.  

Such a mega and promising project could benefit from the 
advantages of GPS networks during the construction and 
operation phases. There are endless number of potential 
applications that might benefit by VRS and GNSS networks.  





Time savings • Negates the need to set up control points when starting a 

new project – 0.5-1 day saved per project 

• Reduces time spent doing manual calculations 

• Reduces time spent in the office – from 40% to around 10% 

per project 

• Time savings of up to 75% for large projects and 60% for 

small projects are possible 

Labour savings • Reduces the number of surveyors required for a project 

from 50 to about 10 for large projects 

• Allows for the use of non-survey staff to do simple mapping 

tasks that would otherwise require a qualified surveyor 

Infrastructure 
savings 

• Reduces the need for traffic disruptions, such as lane 

closures, and associated risk to survey and road workers 

Safety 
improvements 

Reduces the need for maintenance of ground marks 

Benefits of CORS/VRS in land surveying  



  
EARTHMOVING IN CONSTRUCTION 

  

Time savings • Reduces project time significantly – savings of between 30 and 80% are possible 

• Negates the need for surveyors to physically stake out routes 

• Negates the need to navigate machines around stakes and pegs 

• Reduces the frequency with which dirt is moved around a site by up to 60% 

• Reduces the time spent conducting as-built surveys 

Capital savings • Productivity of bulldozers, excavators and graders is significantly increased 

• Reduces the amount of re-work by up to 70% 

• Reduced need for support machines 

• Reduced downtime 

Labour savings Fewer workers are required for a project 

Safety 
improvements 

• Reduces the number of workers on a site and in close proximity to machines, 

particularly workers with grade stakes and string lines 

Quality 
improvements 

• Work is generally more accurate – e.g. grader trimming 

Benefits of CORS/VRS in earthmoving in construction  



Benefits of COR/VRS in SCCA during operation stage 
  

The proposed CORS network could improve navigation through the Suez 
Canal and help vessels to transit in all weather condition which  keeping 
the Canal open all times for ship transits. Using VRS technique through 
Suez Canal will provide real-time 3D monitoring of the vessel position and 
UKC improving navigational safety. The proposed network will keep 
controlled piloting and berthing, therefore minimal damage to 
infrastructure and ships occurs.  

CORS/VRS have endless 
benefits and applications in 
operation of SCCA projects 
such as container terminals 
management, intelligent 
transport systems, assets 
management, etc. 



One of the main objectives of ports is maintaining safe movements of ships during 
entry, exit and inside the water area of the port.  The efficient ports should perform 
continuous and economic services to ships without delay. The current development 
in satellite based positioning systems such as Virtual Reference Station (VRS) provide 
three-dimensional high precise positions which are critical for efficient ports. 
 
This paper demonstrates the current development in GNSS positioning techniques 
and its great impact on both construction and operations of ports. The benefits of 
RTK/VRS in hydrographic surveying, dredging and UKC monitoring are discussed and 
examined. The results showed that using RTK/VRS GPS could be more economic than 
other positioning system such as DGPS and the real time precise 3D position of the 
vessels are essential for smart and efficient port. 
  
In this paper a design of GPS Continuously Operating Reference Station (CORS) 
network has been proposed. The benefits for this network have been discussed for 
different construction and operations phases of the project. The efficient operations 
could be achieved in Suez Canal and all ports in the area by using the different 
applications of the proposed CORS network such as VRS.       

Conclusions  


