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Launching Ceremony and Application Workshop on the GPS + GLONASS Satellite Positioning Reference Station Data Services 2013 

Presenter
Presentation Notes
Today my presentation is Evolution of GPS applications in HyD. 
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Contents  

Future Work 

Conclusion 

Mobile Mapping System (MMS) Project 

Survey Work in Construction Sites    

Traditional Engineering Surveys 

Introduction 

Presenter
Presentation Notes
Here are the contents of my presentation.  
 
I will show you how GPS to be applied in traditional engineering surveys, survey work in construction sites and Mobile Mapping System Project. 
 
I will also let you know how we make use of the SatRef for each of them so that the applications of GPS are not just in a static way but being evolved to a dynamic way. 
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Blood vessels Road network 

Introduction  

‘The transport network in a city is like its blood vessels, a cohesive liaison and catalyst  
to promote social activities…’   
(Ways to Urbanisation Post-War Road Development in Hong Kong, HO Pui-yin) 

Presenter
Presentation Notes
The transport network in a city is like its blood vessels, a cohesive liaison and catalyst to promote social activities.  
 
To facilitate those social activities effectively, a world class standard road network shall be inevitable. 
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Road and railway network  

  
Carriageway       2,000 km 
Footway     13,000 km 
Roadside Slope            13,000 no. 
Street Light                128,000 no. 
Structure                        2,200 no. 

Introduction  

Photographed by Mr. G.B.TIO, SO(Eng)/HyD 

Highways Department 

Presenter
Presentation Notes
For this reason, HyD is strived to upkeep and develop a world class standard road and railway networks over the Hong Kong.  
 
Currently, HyD maintains 2000 km carriageway, 13,000 km footway…
 
In order to manage and maintain such a transport system and its associated inventories, we need the inputs from both technical and professional staff to provide quality services to our community.
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Introduction  

Engineering Survey Services 

Emerging Survey Technology Applications 

Services of Survey Division, Highways Department 

Presenter
Presentation Notes
Survey Division of HyD provides survey support and engineering survey services to different offices of the department.  
 
Apart from conventional surveying technologies, we also make use of emerging survey and geo-spatial technologies in different survey tasks.
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Traditional Engineering Surveys 

Mobile Mapping System (MMS) Project Survey Work in Construction Sites 

Introduction  

Presenter
Presentation Notes
GPS technology is one of emerging survey technologies 
 
We have used it since late 1990S.  
 
In the first instance, we used GPS for traditional engineering surveys, later on, GPS applications is escalated and extended to the survey work in construction sites. Now, its applications are further evolved to the Mobile Mapping System Project. 
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Traditional Engineering Surveys 

Mobile Mapping System (MMS) Project Survey Work in Construction Sites 

Introduction  

Presenter
Presentation Notes
After launching of SatRef data services, we make use of such services for facilitating our survey services. 
 
You may note how we make use of the SatRef in the later parts of my presentation.  
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Part 1: Traditional engineering surveys 

8 

Part 1 -  Applications of GPS in Traditional engineering surveys  

Highways Department Survey Division 
The Government of the Hong Kong Special Administrative Region 

Presenter
Presentation Notes
Part 1 - Elementary applications of GPS in traditional engineering surveys.
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• Control Survey 

• Topographical Survey 

• Setting-out Survey 

• Monitoring Survey 

• As-built Survey 

Part 1 - Traditional engineering surveys 

Presenter
Presentation Notes
Here are the 5 common types of traditional engineering survey tasks.
 
In the past, we needed to establish new survey control points by ways of triangulation / trilateration or traversing from nearby existing survey control points.  In some circumstances, considerable time might be required in such operation if the location of the existing survey control point is far away.
 
With the introduction of GPS, time for control establishment can be reduced significantly even though the existing survey control point is located several km away.  
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Part 1 - Traditional engineering surveys  

SatRef 

Monitoring 
Survey 

As-built 
Survey 

Topographic 
Survey 

Setting-out 
Survey 

Control 
Survey 

Presenter
Presentation Notes
Before having the SatRef, GPS reference station should be set up ourselves to densitfy new survey control points around the survey site by either static or RTK surveys.  As such, we need to bring at least 2 set GPS equipment for GPS survey.
 
After launching the SatRef, we don’t need to set up our reference station anymore but taking only one GPS receiver can make the job done easily and efficiently with the use of reference station data provided by SatRef.
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 Part 2: Applications of GPS in Survey work in construction sites 

Highways Department Survey Division 
The Government of the Hong Kong Special Administrative Region 

Presenter
Presentation Notes
Part 2 – Escalated GPS applications in survey work in construction sites
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Part 2 - Survey work in construction sites 

Presenter
Presentation Notes
Here are 4 common applications of GPS in construction sites
 
They are establishment of control network, daily site survey check, as-built survey for asset management and establishment of Continuous Operating Reference Station for mega project.
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Part 2 - Survey work in construction sites 

Hong Kong – Zhuhai – Macao Bridge 

Presenter
Presentation Notes
This is the survey control network of HZMB.  The longest distance of this network is more than 40 km.
 
With the use of GPS, an independent survey control network was formed to bring the 3 places to work with a common and unique coordinate system.  
 
Taking the advantage of GPS technology, time for GPS observation would be relatively short as compared with conventional survey for such a large network.
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Part 2 - Survey work in construction sites 

Hong Kong-Zhuhai-Macao Bridge  

Continuously Operating Reference Station (CORS) 

Presenter
Presentation Notes
Apart from the independent survey control network, 3 CORS were established as well by using GPS technology. 
 
These 3 CORS stations are located at Yeli Dao of Zhuhai, Yanghuan near Macau and Fu Shan of Hong Kong. 
 
The main function of these CORS is to provide static GPS observation data and broadcast GPS correctional signal continuously for facilitating the survey work involved in the construction works of HZMB. 
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Part 2 - Survey work in construction sites 

Presenter
Presentation Notes
Through the use of SatRef, we can further take the advantages of GPS in the following ways.

Simplify the workflow of survey process

Increase the efficiency of survey work

Assure survey quality

Suit for mega project
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 Hong Kong Boundary Crossing Facilities of Hong Kong-Zhuhai-Macao Bridge   
 

 

Part 2 - Survey work in construction sites 

- Artificial island (130 hectares) 

- Multi modal transportation hub 

- Non-dredge reclamation method (first time to use in HK) 

Presenter
Presentation Notes
Here is another example illustrating how we apply GPS technology together with the use of SatRef in the daily site survey activities.  
 
Hong Kong Boundary Crossing Facilities is one of main project of the HZMB.
 
It aims to construct an artificial island with 130 hectares.  
 
The artificial island will be served as the multi modal transportation hub among the 3 places of Hong Kong, Macao and Zhuhai.  
 
It is also the first time to use such a non-dredge reclamation method in HK.  
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Part 2 - Survey work in construction sites 

Reclamation  
Works 

Presenter
Presentation Notes
This slide let you know the sequence of the reclamation works.
 
I would like to draw your attention to the 2 construction stages for the installation of stone columns and cellular structures because the survey supports in these works are substantial. 
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Making use of SatRef 

 
 

 

Setting out and As-built 
survey record of the installed 
cellular structures by using 
network RTK survey 

Real-time position monitoring of the stone columns 
by using network RTK survey during installation 

Setting out the position of stone columns 
by using network RTK survey 

Part 2 - Survey work in construction sites 

Presenter
Presentation Notes
By making use of SatRef, we can apply network RTK survey to set out the position of stone columns and provide real time position monitoring of the stone columns during the installation works.  
 
For the installation of cellular structures, network RTK survey provides both efficient and effective ways in the setting-out and as-built surveys as compared to conventional survey method. 
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Barge for the installation of stone columns 

Part 2 - Survey work in construction sites 

Presenter
Presentation Notes
This is the barge for the installation of stone columns.  A piling plant is located at the front position of the barge. 
2 GPS antennae have been setup on the top of the plant.  Once the positions of these GPS antennae are fixed by network RTK survey, survey staff can calculate the respective position of the stone columns and check if their positions are in order or not. 
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Part 2 - Survey work in construction sites 

Installed cellular structure 

Guide frames for installation of cellular 
structures 

Cellular structure that formed the perimeter 
of the reclamation works site of the artificial 
island 

As-built survey of cellular structure 

Presenter
Presentation Notes
After the installation works of stone column, the cellular structures will be installed.    
 
An as-built survey will also be carried out for recoding it’s final positions by using network RTK survey.
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Part 3: Applications of GPS in Mobile Mapping System (MMS) Project 

Highways Department Survey Division 
The Government of the Hong Kong Special Administrative Region 

Presenter
Presentation Notes
Part 3 – how to apply GPS technology in an evolved way for mobile mapping system project
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Street Level Mobile Mapping System 

Part 3 - Mobile Mapping System (MMS) Project 

Courtesy of Prof. Naser El-sheimy 
Department of Geomatics Engineering, 

University of Calgary, Canada 

Platforms 

Vans 

Portable 

Tricycle 

Navigation 

GNSS 

Inertial 

Nav Aids 

Remote 
Sensing 
Sensors 

Digital 
Cameras 

Laser 
Scanners 

Other 
Sensors 

Applications 

Mapping 

Visualization 

Maintenance 

Presenter
Presentation Notes
What is street level mobile mapping system? 
 
Simply, street level MMS is a moving platform integrated with different navigation and remote sensing sensors mounted together to capture street level 3D spatial data for the applications of mapping, visualization and maintenance purposes.
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Part 3 - Mobile Mapping System (MMS) Project 

GPS 
INS Camera 

Presenter
Presentation Notes
Let’s have a look at the MMS and it’s associated components.
 
It has a 360 degree camera for capturing road features and GPS is used to provide positioning information for direct geo-referencing of captured camera images.
 
However, when the car is in a place without sufficient GPS signal for position fixing, INS will provide supplementary information for the system to calculate the trajectory of the car after losing of GPS signal.

What is INS?
The full name of INS is Inertial Navigation System. 
It is a navigation aid that uses a computer, accelerometer and gyroscopes to continuously calculate the position, orientation, and velocity of a moving object without the need of external references. 

So what can MMS provide?
 
This is a 3D geo-referenced image video of the pilot MMS project captured in 2010.  Since all the image pixels have been geo-referenced with 3D coordinates, we can derive the position information of any features appeared on the images and make necessary measurement to obtain the dimensional information.  

Such kinds of information could also be updated in a GIS database and migrated with the departmental GIS system afterwards.




Part 3 - Mobile Mapping System (MMS) Project 

The Acquisition of Road Inventory Data By Using The Technology  
of Mobile Mapping System For Hong Kong (Under Tender Evaluation) 

Commence in the 1st quarter of 2013 (tentative) 

Part 3 - Mobile Mapping System (MMS) Project 

5 years contract period (2013-2018)  

Complete data capture work with 3D Geo-Referenced 
images of existing roads in the first two years 

Complete data integration with the departmental GIS 
system data in the third year 

Complete data capture work with 3D Geo-Referenced 
images of new and improved roads on request during 
the contract period. 
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Presenter
Presentation Notes
After the success of the pilot MMS project, HyD decides to have a full scale MMS project covering all roads maintained by HyD.  
 
This full scale MMS project would commence in early 2013 tentatively with a contract period of 5 years.
 
All data capture work would be completed in the first 2 years and data integration work would then be completed in the 3rd year. 
 
Besides, the contractor is also required to provide services to capture those new and improved roads on request during the contract period.




Hong Kong Island 

Kowloon 

New Territories West 

New Territories East  
and outlying Islands  

Project Zones 

Part 3 - Mobile Mapping System (MMS) Project 
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Presenter
Presentation Notes
We divide the territory of HKSAR into 4 projects zone.
 
Firstly starts the survey at HK island then Kowloon, new territories west and new territories east including outlying islands as well.




 
 
 

Highways Department 
maintains 

Carriageways 

Footways 

Roadside slopes 

Part 3 - Mobile Mapping System (MMS) Project 

Scope of Work 
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Presenter
Presentation Notes
The project scopes include all carriageway, footways and roadside slopes maintained by HyD.
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Applications of GPS in Direct Geo-referencing 

Part 3 - Mobile Mapping System (MMS) Project 

•Integration of GPS with INS / other sensors 
•Less ground point (100 m intervals for Pilot 
 MMS project) 
 
 •Reduce the labor cost for ground    

 survey 
•Speed up the project work 

Presenter
Presentation Notes

With the experience gained in pilot MMS project, we try to introduce the INS technology for aiding the GPS for direct geo-referencing.
 
We hope to reduce the labor cost for ground survey work in the provision of ground control points for geo-referencing and to speed up the project work.
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Part 3 - Mobile Mapping System (MMS) Project 

Georeferencing 
– Coordinate Frames 

Courtesy of Prof. Naser El-sheimy 
Department of Geomatics Engineering, 

University of Calgary, Canada 

Presenter
Presentation Notes
Before going further, there are few things we need to understand and take extra care in dealing with the integration of GPS/INS, 
 
The first one is coordinate frame.   
 
Measurements derived from different sensors are based on different reference frames and they must be transformed into a common reference frame before their measurements can be used orderly.  
 
For instance, all collected GPS, INS and camera data should be transformed into a common mapping frame for direct geo-referencing. 
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Part 3 - Mobile Mapping System (MMS) Project 

 The synchronization accuracy depends on the applications (e.g. for land 
      applications: 0.1 s is equivalent to 1.6 m position error at a  
      velocity of 60km/h). 

 Synchronization is performed using the PPS from the GPS receiver 

 The PPS interrupts the computer every second through either LPT ports 
or the COM ports of the host PC 

Synchronization 

The GPS time defined 
By the PPS 

The computer time  
at the PPS interrupt 

The computer time of the  
INS pulse interrupt 

Example: 

Courtesy of Prof. Naser El-sheimy 
Department of Geomatics Engineering, 

University of Calgary, Canada 

Presenter
Presentation Notes
The second one is synchronization.
 
Since there are a numbers of sensors integrated together with, the issue of time synchronization among different sensors data is important. 
 
For example, 0.1s delay is equivalent to 1.6 m position error at a velocity of 60km/h.
 
Just like the pervious slide, if measurements from different sensors are not synchronized correctly, the final outcome will always be subject to error even through they have been transformed into a common reference frame.  
 
Actually, these are something of surveying essence and we must take care of them carefully.




Combining GPS and INS data IN-Fusion TM technology (Loosely Coupled) 

Part 3 - Mobile Mapping System (MMS) Project 

Require 5 or more satellites to 
aid the solution 

Compare GNSS solution with 
inertial solution 

Aiding sensor (e.g. DMI) data 
assists in the error estimation 

Estimate errors using a Kalman 
filter 

Correct errors in the Inertial 
Navigator solution 

30 

Courtesy of applanixTM 
 

A TRIMBLE COMPANY 

Presenter
Presentation Notes
For the data processing of GPS and INS data, two common approaches are introduced.  
 
In the first approach, the position of the vehicle would be first determined based on available GPS data with ambiguity fixed, then integrated with INS data for calculating the positions of the vehicle during the GPS outage. We call this to be loosely coupled.




Combining GPS and INS data IN-Fusion TM  technology (Tightly Coupled) 

Part 3 - Mobile Mapping System (MMS) Project 

Inertailly-Aided Kinematic Ambiguity 
Resolution algorithm 

Estimate errors in the inertial solution 
using a single Kalman filter with GNSS 
solution 

One or more satellites will aid the 
solution 

Corrections are sent to the Inertial 
Navigator 

Aiding sensor data (e.g. DMI) assists in 
(GNSS) ambiguity resolution and error 
estimation 
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Courtesy of applanixTM 
 

A TRIMBLE COMPANY 

Presenter
Presentation Notes
For the second one, INS data would be integrated with the raw GPS data to help fixing the GPS ambiguity for calculating the positions of vehicle during the GPS outage.  We call this as tightly coupled
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Pilot MMS vs Full Scale MMS in Direct Geo-referencing  

Pilot MMS (2010) Full Scale MMS  (2013) 

Part 3 - Mobile Mapping System (MMS) Project 

Pilot MMS Full Scale MMS 

GPS Antenna                               

Tilting Sensor 

INS 

Second GPS Antenna 

Distance Measurement Indicator (DMI) 

(Optional) 

(Optional) 

Presenter
Presentation Notes
This slide show you the difference between the set up of 2010 pilot MMS pilot and the one for full scale MMS project.
 
For pilot MMS project, we got the GPS antenna and tilting senor for direct geo-referencing.
 
On the other hand, the full scale MMS project will have INS in addition to GPS antenna.  The second GPS antenna and DMI will be optional items for the full scale project. 




Part 3 - Mobile Mapping System (MMS) Project 
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Courtesy of Lands Department  

Presenter
Presentation Notes
When we determine the vehicle trajectory for full scale project, we can make use of the SatRef for direct geo-referencing.  




Part 3 - Mobile Mapping System (MMS) Project 
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Courtesy of applanixTM 
 

A TRIMBLE COMPANY 

Presenter
Presentation Notes
Furthermore, we can make use of a number of SatRef stations to form a virtual reference network to improve the accuracy of direct geo-referencing.
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Trial Test on GPS / INS Integration 

Part 3 - Mobile Mapping System (MMS) Project 

GPS Antenna 360 Prism 

IMU 

GPS Antenna 

Presenter
Presentation Notes
We note that MMS may not get the GPS signal in environment urban surrounded with high rise buildings. 
 
It will then rely on the INS data for performing direct geo-referencing during GPS outage.  However, the INS will be subject to drift error for long GPS outage and the drift error will get larger over time.  
 
Coordinate update through the provision of ground control point at certain distance intervals can improve the situation. 
 
In early 2012, we conducted a trial study to acquire some practical experience in using the integration of GPS/INS in urban environment of HK for direct geo-referencing. 
 
The results derived from the GPS/INS were compared with the corresponding ones obtained from conventional ground survey method.  
 
The findings would be used as a reference to consider the optimal distance for incorporating ground control points for improving the INS’s drift error in a long duration of GPS outage.
 
Here is the set-up of the trial, which included GPS, INS, DMI and a 360 degree prism.
 
They all mounted together on the top of a vehicle.
 




Part 3 - Mobile Mapping System (MMS) Project 
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Presenter
Presentation Notes
The vehicle has to be stopped for a while at a pre-determined position along the street with narrow sky window for measurement made by using conventional ground survey method.  
 
It’s surveyed true position would then be compared with the corresponding navigation solution derived from GPS/INS for evaluation.
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Part 3 - Mobile Mapping System (MMS) Project 

Presenter
Presentation Notes
There were six locations for the vehicle to be stopped there for a while.  
 
The total travelling distance of the testing route was approximately 4 km and the travelling time was about 20 mins under normal traffic condition.




Point Cumulated GPS outage 
 before GPS fixed 

Without ground control point With ground control point 
Remark 

dN dE dHeight Linear_NE dN dE dHeight Linear_NE 

B N/A -0.011 -0.014 0.088 0.018 0.000 -0.016 0.035 0.016   

D 80s 0.162 -0.084 -0.179 0.182 -0.009 0.009 -0.010 0.013 Fixed 

F N/A -0.003 -0.011 0.128 0.011 -0.024 -0.012 0.099 0.027   

G 187s -0.509 -0.301 -0.060 0.591 -0.252 0.036 0.196 0.255 Improved 

H 346s 0.070 -0.682 -0.361 0.686 -0.019 0.030 0.003 0.036 Fixed 

Trial Results 

Part 3 - Mobile Mapping System (MMS) Project 

Future work 

Require less ground control points vs pilot MMS project 

Accuracy improved with a maximum of 0.3m by inputting  
ground control points 

Distance between D and H ~ 1500m 
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Point Cumulated GPS outage 
 before GPS fixed 

Without ground control point With ground control point 
Remark 

dN dE dHeight Linear_NE dN dE dHeight Linear_NE 

-0.011 -0.014 0.088 0.018 0.000 -0.016 0.035 0.016   

0.162 -0.084 -0.179 0.182 -0.009 0.009 -0.010 0.013 Fixed 

-0.003 -0.011 0.128 0.011 -0.024 -0.012 0.099 0.027   

-0.509 -0.301 -0.060 0.591 -0.252 0.036 0.196 0.255 Improved 

0.070 -0.682 -0.361 0.686 -0.019 0.030 0.003 0.036 Fixed 

Point Cumulated GPS outage 
 before GPS fixed 

Without ground control point With ground control point 
Remark 

dN dE dHeight Linear_NE dN dE dHeight Linear_NE 

0.000 -0.016 0.035 0.016   

-0.009 0.009 -0.010 0.013 Fixed 

-0.024 -0.012 0.099 0.027   

-0.252 0.036 0.196 0.255 Improved 

-0.019 0.030 0.003 0.036 Fixed 

Point Cumulated GPS outage 
 before GPS fixed 

Without ground control point With ground control point 
Remark 

dN dE dHeight Linear_NE dN dE dHeight Linear_NE 

D 80s 0.162 -0.084 -0.179 0.182 -0.009 0.009 -0.010 0.013 Fixed 

G 187s -0.509 -0.301 -0.060 0.591 -0.252 0.036 0.196 0.255 Improved 

H 346s 0.070 -0.682 -0.361 0.686 -0.019 0.030 0.003 0.036 Fixed 

Presenter
Presentation Notes
Tightly coupled approach was adopted and 4 SatRef stations were used to form a virtual reference station network for data processing.  From the result, we note the points D, G and H that GPS outage got longer, the accuracy of GPS/INS became worse.
 
It was evident that the drift error of INS during GPS outage became significant over time.
 
To reduce the drift error, we tried to re-process the data with ground control points provided.
 
We selected points D and H to be fixed and they are 1500 m apart.  
 
You may find a significant improvement by 0.3m on point G in horizontal position. 
As compared with the pilot MMS project, full scale MMS project should require less ground control points with the integration of GPS/INS for geo-referencing. 



Part 3 - Mobile Mapping System (MMS) Project 

 Conclusion 
and 
Future work 

  

         

A little start of experiencing the integration of GPS/INS  

More in-depth study on the technology  

Derive the survey methodology for direct  
Geo-Referencing by using GPS+INS 

39 

Presenter
Presentation Notes
Although the result of the trail is quite encouraged, it actually is just a little start experiencing the benefit of the integration of GPS/INS.  More in-depth study on it will continue.
 
Once the full scale MMS project commence, we will have more real navigation data for further study work. We will be strived to derive the survey methodology, workflow and practical procedures of using GPS/INS hopefully.
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Indirect Geo-Referencing 

Direct Geo-Referencing Indirect Geo-Referencing 

Part 3 - Mobile Mapping System (MMS) Project 

Presenter
Presentation Notes
By making use of GPS and SatRef, our surveying methods are evolving from an indirect geo-referencing to a direct geo-referencing.




Highways Department Survey Division 
The Government of the Hong Kong Special Administrative Region 

T h a n k  y o u  

Launching Ceremony and Application Workshop on the GPS + GLONASS Satellite Positioning Reference Station Data Services 
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