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SUMMARY 

Every project of a major gas line contains a series of service stations that allow inspection and maintenance of the gas line as well as being points for possible emergency interventions in case of accident. As with any other project, the prerequisite for a successful completion of a gas line project is conducting an inspection on the as built condition. One such gas line is the main gas line "Slobodnica - Donji Miholjac DN800". The construction work on that main gas line started in December 2009 and ended in September 2011.
The prerequisite for a successful completion can only be met by conducting adequate measurements that provide enough information for all professions involved in the project. Using a 3D terrestrial laser scanner for measuring, and later on for modeling, allows surveyors to easily make such a complete representation. A detailed model created from scan data is accurate, realistic and clear.

The difference between this method and classical surveying methods is that it provides the end users with more than just a schematic that can only be understood by experts. Thus the work of each contractor can be evaluated and used as proof that the work is done according to the project specifications, and also provide an investor with a high quality as built model for easier inspection, maintenance and analysis.

This paper describes the process of measuring, analyzing, modeling and, in the end, creating a 3D visualization of one of the service objects on the main gas line "Slobodnica - Donji Miholjac DN 800".
1. INTRODUCTION
Before there was an understanding of what natural gas was, it posed somewhat of a mystery to man. Sometimes, such things as lightning strikes would ignite natural gas that was escaping from under the earth's crust. This would create a fire coming from the earth, burning the natural gas as it seeped out from underground. These fires puzzled most early civilizations, and were the root of much myth and superstition. One of the most famous of these types of flames was found in ancient Greece, on Mount Parnassus approximately 1000 B.C. A goat herdsman came across what looked like a 'burning spring', a flame rising from a fissure in the rock. The Greeks, believing it to be of divine origin, built a temple on the flame. This temple housed a priestess who was known as the Oracle of Delphi, giving out prophecies she claimed were inspired by the flame.
These types of springs became prominent in the religions of India, Greece, and Persia. Unable to explain where these fires came from, they were often regarded as divine, or supernatural. It wasn't until about 500 B.C. that the Chinese discovered the potential to use these fires to their advantage. Finding places where gas was seeping to the surface, the Chinese formed crude pipelines out of bamboo shoots to transport the gas, where it was used to boil sea water, separating the salt and making it drinkable. (URL 1)
In more recent times, the first use of natural gas was implemented at the end of the 19th century in USA - Fredonia (state of New York) for heating apartments. Large scale exploitation began in 1884, when a 23 km gas line was constructed to transport the gas to Pittsburg, where it was used for illumination, heating and thermal processing. Up until 1950 the USA was almost the exclusive manufacturer of natural gas, and then Russia, Canada, Netherland, Great Britain, Norway, Germany, Romania, Italy, Mexico, Venezuela, Algiers, Nigeria, Indonesia, Malaysia and recently even the countries of the Middle East started the production. (URL 2)
Natural gas is, next to coal, the only primary form of energy that can be used directly, that has high burning efficiency, and therefore has a rapid growth of application in homes for heating and cooling, in technological processes, in manufacturing heat and electrical energy, and is also used as raw material in chemical, particularly petrochemical industry.
Its transport is being conducted along gas lines or in a liquefied form by special ships or thermally isolated tanks in road and railroad transport. (URL 2)

The Croatian gas transport system consists of a network of main and regional gas lines of different nominal diameters and pressures, and has a total length of 2113 km. The network contains 300 above-ground facilities (gas nodes, interlocking stations, exhaust stations, cathodic protection etc.), and also 9 input measurement stations and 132 output transceiver and measurement or measurement and reduction stations.
The main gas line "Slobodnica - Donji Miholjac DN800" is a part of the Croatian gas network. The construction work on that gas line started in December 2009 and ended in September 2011. The gas line was connected on a shipping-reception and cleaning station Donji Miholjac on one end and measuring and reduction station Slobodnica on the other. There are five other aboveground facilities constructed along the route. One of those facilities is a measuring and cleaning station Zoljan (MCS Zoljan)(Figure1).
Like any other facility MCS Zoljan contains a number of above and underground infrastructure elements alongside the gas line infrastructure including electricity conduits, cathodic protection, drainage and sewerage system etc. The underground infrastructure was surveyed using classical methods while the aboveground objects were surveyed using a laser scanner.
3D terrestrial laser scanners capture three-dimensional geometry data of an object in a short period of time and save this information in 3D point clouds. These dense 3D point clouds offer many possibilities concerning the further use of that data: Interactive measurements, profile extraction, 3D modeling or automations in respect of object detection (Bienert 2008).
The ability of a laser scanning instrument to collect high-resolution data over an object or surface is an advantage over traditional surveying techniques (such as total station or GPS), especially for monitoring deforming surfaces. Global coverage is acquired rather than a sparse network of discrete points. The greatest potential of laser scanning lies in the ability to model surfaces from the enormous archive of dense 3D point data. Industrial scenes contain features that may be modeled with geometric primitives (planes, cylinders etc.). Modeled objects can be imported into CAD or engineering software for design and analysis studies (Gordon et al. 2001). Beraldin et al. (1997) report that algorithms that rigorously fit shapes to raw points deliver a more precise determination of that object than the raw points alone.
Laser scanning was chosen as survey method because it allows a complete coverage of all the elements that can be found on the site with survey points resulting in a dense 3D point cloud that can be used for precision modeling of the as built state.
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Figure1. Measuring and cleaning station Zoljan
Figure2. Faro Photon 120 with a 
Nikon D300 camera mounted on top

2. 3D TERRESTRIAL LASER SCANNING WORKFLOW
2.1 Faro Photon 120
Faro Photon 120 (Figure2) is a phase-shift laser scanner that can measure up to 976,000 points per second and has a range of up to 153 m. It has a 360° horizontal and 320° vertical field-of-view and an accuracy of ≤ ± 2 mm at 25 m.
Photon 120 is a high-speed 3D scanner for full-detail survey and documentation. Utilizing non-contact laser technology, the Faro Photon generates highly detailed three-dimensional replicas of complex environments and geometries in a short time. Photon recreates the real world and defines it within a virtual space. The resulting image is a collection of millions of 3D measurements, providing an accurate digital representation of as-built or as-is conditions (URL 3).
Faculty of Geodesy owns a Faro Photon 120 scanner that was used in this project. Accompanying the scanner are spherical targets that are used for aligning the point clouds. The reason why spheres are needed is that laser scanner is a line of site type of instrument so there are always shadows in the point cloud from obstructing objects. That is why it is always necessary to scan an object from more than one scan position in order to obtain a complete point cloud of the object if the object has irregular shape. Spheres allow a fast and accurate  registration process.

In order for point clouds to be georeferenced, the coordinates of the sphere centers had to be determined. This was done using a special adapter with a small prism that was made for that purpose. Mounting the prism in the place where the sphere was set up allows measuring of coordinates of the centre of sphere with a total station. Since the position and orientation of the total station was determined in a reference coordinate system the sphere centers were also determined in a reference coordinate system.
2.2 Processing the point clouds

The process of preparing the point clouds starts with aligning and georeferencing point clouds. This is primarily done using the manufacturer’s software provided with the scanner. Since Faro Photon 120 was used for this project Faro Scene was used for aligning and georeferencing.
After the point clouds are placed in their respective positions they need to be "cleaned". That means deleting all redundant points and reducing noise levels. Redundant points are usually caused by various obstacles in the line of site of the scanner and they usually have to be removed manually. Noise reduction, on the other hand, is a semi-automated process that requires the input of noise reduction parameters which the software uses for the automated part of the process (Figure3).
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Figure3. Registered, georeferenced and cleaned point clouds.

The next stage is modeling. Since Trimble Real Works Survey was the software chosen for modeling the elements, the point clouds had to be exported to ASCII format files that can then be imported into Trimble Real Works Survey.

2.3 Modeling

Trimble Real Works Survey consists of three modules for managing the point clouds. First one "Registration" is used for aligning and georeferencing point clouds, second one "Office Survey" is used for inspection, analysis and creation of mashes, contours etc. The third module "Modeling" is, like the name says, the one that is used for modeling elements.
Elements can be modeled either by fitting simple geometrical objects to the point cloud (Figure4), using classical survey measurements as references or independently by defining dimensions of the object.
The geometrical elements that can be fitted or modeled are planes, spheres, cylinders, cones, circular and rectangular tori (doughnuts), boxes, 3D points, line segments and of course extrusions from planar shapes.

Fitting geometrical objects to point clouds allows creation of an accurate model of the as built state. That is why it is used in these types of projects and why it was used in this project for aboveground elements. In order for elements to be fitted appropriately the point cloud has to be sectioned into segments corresponding to the elements that are to be fitted. For pipes that means taking out segments for each straight portion of the pipe line and for each bend, and removing all the valves, groundings and any other elements or branches of the pipe line.
Underground elements were modeled using classical survey measurements as references. What had to be taken into consideration when modeling this way, is, that the top of the element was measured so the centers of the modeled elements had to be translated down in the amount of their respective radius or some other dimension.
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Figure4. Modeling elements fitted to the point cloud
Once all the elements were modeled, a mesh of the ground surface was created. Meshing was conducted in order to assure a realistic representation especially since the ground was uneven. Finally, all the geometric elements were exported to a dxf file format for investor to use.

Besides the dxf file, the investors’ demands for the project included an animation for the purpose of visualization of the object. Animation of the object can be created either in Trimble Real Works Survey or in any other software that has rendering capabilities once the dxf file is created. Animation of the MCS Zoljan was created using Trimble software.
3. CONCLUSION
End users of survey products are rarely surveyors themselves. In that respect the products need to be created in a way that allows anyone to be able to easily understand and analyze them. 3D terrestrial laser scanning provides the means for just that purpose. The point clouds themselves provide an excellent realistic and easily treatable representation of the real world objects and their interrelationships. Unfortunately point clouds are very strenuous for any computer configuration today or they require specialized software that can be rather expensive.
Considering that fact, creating 3D models of the real world from point clouds allows the end users to manipulate the product using widespread applications. Plant Design Management Systems (PDMS), as one of those, are becoming a standard tool in plant design and management and use 3D models created from point clouds as input data. Newer versions of PDMS software even allow the import of point clouds. Point clouds can then provide better information about the existing infrastructure then the schematic plans that are being used now. Engineers can use that information when designing new infrastructure to see where the existing elements can be used, or need to be bypassed or altered to accommodate for the new ones, and also for creating as-built to as-designed analysis.
Animations also proved to be a great contribution to the final product because they allow a quick and easily portable means of inspection without the need for any specialized software. When all the positive feedback from the clients is taken into account, laser scanning and 3D documentation production can spell a perspective and bright future for surveying engineers.
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