 Dubai Virtual Reference System

Introduction:

As part of commitment to provide the best of what is available on technical as well as administration level as part of providing the best service to the community , Dubai Municipality has come up with an innovative idea that service best the field of surveying. The SURVEY SECTION of Planning & Surveying Department at Dubai Municipality has come up with the latest technology for the Engineers in the field of Surveying and Construction Engineering. Recent technological advances both in GPS Survey & digital data have made it possible to obtain accurate positioning and design data in real time. These changes provide many new opportunities and exciting challenges for the survey tasks on today’s construction engineering. Dubai Municipality has decided to take a lead in the region by establishing “Dubai Virtual Reference System-DVRS” and introducing the latest concept in the field of Global Positioning System (GPS) to obtain three dimensional positions in Real Time. The vertical component derived by GPS refers to the WGS84 datum. In Surveying and Engineering aspects the required height should be referenced to Mean Sea Level (MSL).Hence a precise gravimetric geoid model was computed for the whole Dubai Emirate to integrate with GPS data to get instantaneous Real Time Three Dimensional Positions.

THE ADOPTION OF GPS NETWORK
In order to dominate the distance dependent errors in real-time applications, it is necessary to perform a real-time data analysis using all data from the participating reference stations. In practice this does mean that all reference stations need a data link to a computing center where the analysis is executed quasi in real-time, and the distance dependent errors coming from the orbit, the ionosphere, and the troposphere are estimated. This information is then used to correct the results at any given station within the working area. The technique could be named “interconnected reference network”, or “linked network”, or “coupled network”.

The objective is to avoid the distance dependent decrease of accuracy and the equivalent increase of the required time to fix ambiguities

There are two different solutions for the modelling of distance dependent errors. The first one referred to as …( Virtual Reference System -VRS) and the second one as …(Area Corrections Parameters ACP or FKP….)

1. Virtual Reference System (VRS)

Within the concept of the Virtual Reference Station the user transmits the approximate coordinates of his position to the analysis center of the reference network. Similar like in the ACP concept a coordinate solution including ambiguity fixing and determination of area correction parameters is generated in the analysis center, however, the ACP are not transmitted. Instead, so-called “virtual observations” are generated based on the ACP for the approximate rover position and provided to the user. These virtual observations are valid for a virtual reference station at the approximate rover position, i.e. very close to the real rover position. The user can hence apply close range Real Time Kinematic (RTK) techniques for his positioning task. One advantage of this technique is that the data link must be working only for the particular rover position and not for the whole area. One disadvantage is that the method in general can not be applied for a moving rover, because the usual RTK software does not accept moving reference stations. 

2. Area Corrections Parameters (ACP or FKP in Germane Language)
The basic principle for the Area Correction Parameter concept is that the known coordinates at the reference stations are compared in real-time with the observation results, coming from a data analysis including ambiguity fixing. The residuals [image: image12.wmf]Jump to first page
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 at the participating reference stations define a plane in the working area (Fig. 1). The correction for a particular rover position [image: image2.png]


 can then be determined through a simple interpolation algorithm using the inclination parameters of the correction plane. Through linear combinations of frequencies it is possible to separate the effects into a geometrical model, including tropospheric errors and orbital errors, and into the ionospheric model, including the ionospheric errors.
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Objective of GPS NETWORK
· Surveyor will be needing only one rover set of GPS receiver (Fig.2).

· Saving of time for setting up base station each time survey work is 

  carried out through classical technique (productivity improvement) (Fig.3A,B).

· Minimization of Errors by using special Software.

· No more conventional levelling will be required. 

· The whole survey works will be homogenous and matching with each other.

· Least requirement for ground control points.

· Accuracy is guaranteed for the whole covered area compared to classical RTK.

· Multiple users at same time.

· Reduction in Manpower.

· Being economical when you compare to classical surveying instruments (see appendix A) 

[image: image4.wmf][image: image5.emf]RTK Testing of The DVRS
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:……………….

: T.M.B Date:22-12-01 Time  : From: 8:55To:13:30

St ID. N obs. N dN E obs. E dE h obs. H dh TCT CRT IT

SS4760 2788326.243 2788326.212 0.031 497598.325 497598.272 0.053 -31.5321 -31.524 -0.0088 sec 23 sec 240 sec

ET 92 2779235.98 2779235.956 0.024 502680.19 502680.129 0.061 -0.406 -0.485 0.07915 sec 25 sec 240 sec

SS3334 2772376.115 2772376.142 -0.027 508631.744 508631.72 0.024 19.6485 19.5880.060515 sec 10sec 18 sec

SS4158 2766083.603 2766083.633 -0.03 513680.086 513680.064 0.022 59.1721 59.1190.053115sec 15 sec 20 sec

SS4173 2756188.138 2756188.156 -0.018 519723.346 519723.323 0.023 109.699 109.577 0.12216 sec 12 sec  60 sec

SS4707 2747642.268 2747642.255 0.013 524109.036 524109.02 0.016 165.6479 165.4340.213914 sec 15 sec 20 sec

SS4710 2746060.859 2746060.854 0.005 524851.066 524851.042 0.024 151.5759 151.3620.213914 sec 20 sec 29 sec

SS4728 2736852.912 2736852.977 -0.065 528641.038 528641.036 0.002 186.4468 186.0710.375815 sec 15 sec 136 sec

SS12493 NO INILIASATION  FOR MORE THAN 15 MINUTES ( 8 SV FIXING 6 SV) 15 sec 15 sec 900 sec

SS 10235 2765093.805 2765093.818 -0.013 509887.337 509887.37 -0.033 42.9224 42.8280.094415 sec 16 sec 70 sec

Remarks:………………………………………………………………………………………………………………………………………………………………………

CRT=Correction Receiving Time,TCT=Telephone Connection Time ,IT=Inilailisation Time                                          D:\documents\dvrs-test-form.xls
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Error Budget 

When analyzing the error behavior and error propagation within a network of reference stations we have to distinguish between two different types of errors; 

1. Station Dependent Errors(SDE) (Table No.1 Fig4): include
· antenna phase center variations

· multipath

· signal interference

Station dependent errors are valid for a given station and can be reduced through calibration.

2. Distance Dependent Errors (DDE): include
· orbit errors

· ionospheric influences

· tropospheric influences.

The distance dependent errors usually grow with increasing distance from the reference station and can be overcome by an interconnection of the reference stations in order to determine the error model for the working area in real-time (see Figs 4). 




	Type
	source
	Effect on Position determination

	
	
	absolute
	relative

	Network positioning
	  -Mean project datum

  -Reference coordinates
	1…100 m

0.1…10 m
	0.05…5 ppm

0.005…0.5ppm

	Satellite orbit
	  -Broadcast (without SA)

 -Broadcast (with SA)

 -Precise Eph
	2….10 m

10….100 m

0.1….1 m
	0.1…0.5 ppm

0.5…5ppm

0.005..0.05 ppm

	Satellite clock
	   - Without SA

   - With SA
	1….10 m

10….100 m
	Nearly completely

Eliminated

	Ionosphere
	-Single frequency receiver

-Dual frequency receiver
	2…150 m

-
	0.1…5 ppm

mm…cm

	Troposphere
	-Zenith

-Horizon
	2m

25 m
	mm….cm

mm…2 m

	Receiver Clock
	
	estimated
	estimated

	Antenna Phase Center
	-Antenna of same type

-Different antenna type
	mm

mm…cm
	Nearly completely eliminated

mm…cm

	Multipath
	-C/A-code

-P-Code

-Carrier phases
	5 m

1 m

-
	Influence is amplified

5 cm

	Observation noise
	-C/A-code

-P-Code

-Carrier phases
	1…3 m

0.3…1 m

3 mm
	1.4…4.2 m

0.4….1.4 m

4 mm

	Center Mounting

Antenna Height

Demarcation
	
	0.3…3 mm

1…3 mm


	0.1….3 mm

1…3 mm



	Sum Over all influences

Without SA
	
	2…200 m


	mm…cm+0.01…10 ppm



Error Budget For
Absolute and Relative GPS Observations

Dubai Virtual Reference System (DVRS)
Consists of totally 5 No. of Continuous Operating Leica Base Stations located in different localities of Dubai Emirate along with Control Room with central Server located in Dubai Municipality main building. The locations of these 5 stations are listed below and shown in (Fig.5).

1. Al  QUSAIS

2. JEBEL ALI

3. AL MARQAB

4. AL LUSAYLI

5. HATTA

All these 5 stations are continuously receiving the GPS signals/data around the clock. They are linked to Central Server by dedicated telephone lines, which continuously transmit the data to control unit (Control Central Server) where data get processed and transmit the correction to the users whenever required. 




How DVRS Works:

All the GPS Continuous Operating Base stations in the network from different locations send on line raw GPS data via permanent connection (Modem lines) to control central server (Main DM Building)(Fig.6). Where data get processed by software called GNSMART (from Geo++, Germany). The software does all quality checks and computes ionospheric, tropospheric and satellites orbit errors and ready to deliver the corrections to the user. The user having a Rover can directly start his survey work anywhere in Dubai emirate. When the user starts his GPS receiver calculates its position within a few meters and transfers its position to the Control Reference Station through GSM (Mobile) in NMEA format. The central server sends back the valid corrected data to the user in RTCM format which defines the user’s actual position. All this is achieved at the press of button in the field. This real time kinematic GPS technology makes it possible to work within the entire network coverage area with homogeneous absolute position to centimeter accuracy.



DVRS CONTROL ROOM


·  Receiving Raw Data From
Remote Stations Through 

Telephone Lines.

· Checking The Raw Data And 
Fixing the cycle slip.

· Preparing RTCM-OUT and 
Send it to PC 3.

· Sending raw data as RINEX
To PC 2 for Back-UP.



·  PC 2 for Back-Up of Raw Data
Coming from 5 reference Stations

In RINEX format, for Post-Processing.


· Process the Data for ionospheric, tropospheric effect
   Satellite errors and orbit errors corrections.

· Prepare a Network solution for the whole 

     Dubai Emirate Area.

· GPS Rover receivers call Main Control Room

      Through the GSM and send its approx.

      Location and PC 3 sends a suitable corrections                                 according to the Location Of GPS receiver.

· The system can answer more than 30   Rover at the

      same Time.

Accuracy of DVRS:

Multiple GPS reference stations approach is superior to conventional RTK single base line approach as it allows for “network-Based” homogeneous positioning solutions with centimeter accuracy. The DVRS has already been experimented and found the expected accuracy in order of 2-3 cm in planimetry and 3-5 cm in altimetry (Table No 2).



Application of DVRS:


DVRS will provide the effective solution for various users like engineer in construction field, contractor, consultants, and ports. The system has various applications in the field of geological, mineral and oil explorations, etc.

Few specific applications of the system are listed below:

· Real Time and post processing survey works.

· Providing control for geodetic, topographical, cadastral, photo control and for engineering survey including setting out, detail survey, etc.

· Mapping and Geographical Information Systems.

· Hydrographic activities.

· Geodynamics, geodesy, monitoring crustal movements (Earthquake Hazards) and seismic activities.

· Assisting Ports authorities for locating containers and ships maneuvering.

Whether or not  this new solution and technique will shape up tomorrow’s surveying practice, it all depends certainly first and foremost on whether the results obtained by can be actually and  more effective feasible compare to the new system procedures and methods already in use. At the end it will be users decision. We are much convinced with our new concept and are able to provide much more facilities for public and users, which significantly increase productivity in every day surveying job.

DVRS Output:

•Three Dimensional Geodetic Coordinates Φ, λ, h E ,N , h on 
    WGS84 Reference Frame in Real Time.

• Three Dimensional Grid Coordinates E, N, h on WGS84 Reference

   Frame in Real Time According to the Adopted Projection.

•Definition and Realization on ITRF93 Epoch 1995.

• 24 Hours GPS Raw Data for Post Processing Application In RINEX 

   Format.
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