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ABSTRACT:

This article is devoted to new approach to the development of a system of 3D visualization of urban spaces and automated recognition of urban objects based on laser scanning data and photo panoramas and construction of three-dimensional models of cities (by identification of separate objects in city panoramas in automated mode and recovering from it 3D city models). The system may become an integrational platform for Smart City connecting all the data in one view point. It is also a useful tool for Urban City management for city planning and maintenance. 
1. INTRODUCTIOn
The initial aim is to create an integration geo-data platform for combining and displaying information about urban spaces. This kind of platform can be a very useful to provide urban city management and planning as well as make a significant improve in communication between citizens and institutions. 
To create this type of solution one need to solve the following problems:

· To find approaches to visualize urban environment data in the most perceivable way for different users and purposes (city management and citizen, games, education, augmented reality, etc.)
· To recognize objects from point cloud automatically for a city modelling and use it for practical tasks. 
· To create an integration platform for unification of all urban data – a Smart City platform. 
· To create algorithms for analyzing the city environment (navigation, measurement, objects embedding; objects identification; objects comparison, data comparison, time periods verification and comparison, etc.)
2. Stages of creation of integration platform
2.1 Data processing
To create an integrational platform, we need to process all the standard format data we need to integrate:

· to process data from mobile scanning from different types of scanning systems (*.LAS files), panoramic images, as well as the data from the top (aircrafts, drones), any other geo data (maps, etc.) 
· to integrate data from other different urban data bases (such as a real estate register, cadaster, land agreements, historical info, etc.) to increase the quality of 3D models.
· to add analytical algorithms to analyses the city environment (recognize objects (preferably in automated mode) and tools for object analysis (measurement, embedding, identification, etc.)).
The data should be processed automatically and be easy achievable: available for display on both workstations and mobile end-user devices.
For all these solutions a lot of unique algorithms and programming has been done. 
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Picture 1. General view of the system viewer

2.2 Visualization
The idea is based on combination of panoramic photography with a depth buffer created out of point cloud. As a result, each pixel at the panorama has a geo reference. Thus, every point has three visual solutions – on the 3D map, on the panorama and in the depth buffer. Geo reference is a key to match all the data about surrounding environment and combine it in one viewer. The idea is illustrated in the picture 2 below.
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Picture 2. Three visual solution of every geo referenced point in the panorama
End user gets a user friendly tool – easy to operate, navigate, analyze and manage any area. The whole system is light to be used on a mobile client and a web. API makes it possible to include the platform into any own software. 
A fundamentally new three-dimensional form of representation of urban space provides the following unique features:
· A coherent view of the surrounding objects on the map and panorama 
· United platform for collection of all information about a city. One-click information about objects in information databases (education projects, other city systems.
· Inventory, control and maintenance over the urban infrastructure objects and buildings.
· Measuring objects directly on panoramas (linear and area objects).
· Planning of territories by means of introduction of new objects (Augmented reality).

· Visual monitoring of changes in the selected territory (retrospective analysis)

2.3 Object Recognition from Point Cloud and Panoramas on the Base of the Platform
The problem of easy and automated object recognition can be divided into three basic fields to be solved separately and using different methodology and algorithms.

· Recognition of building
This type of recognition involves mapping with existing external open databases (GIS). All this is accompanied by the recognition of façade texture. Combination of all the algorithms helps to recover 3D building from the real environment.
· Recognition of standard infrastructure objects 
Unique algorithms of feature extractions are to be used here. For better results, combination of point cloud and photogrammetric analysis is very helpful.  

This combination is a basis for algorithms for automatic recognition of objects of the urban environment and the formation of geo-information layers. The system is able to recognize road signs, poles, hatches, billboards, building facades, bus stops, road boundaries and other infrastructure objects in automated mode. Object Recognition adaptive algorithms help to recognize standard infrastructure objects with a high level of accuracy (up to 95%)
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Picture 3. Standard Infrastructure Object Recognition 

· Recognition of other objects 
The less object is standard (describable) the more time is needed to learn adaptive recognition algorithms for feature extraction. Additionally there are tools for manual detection for those objects that are not standard (difficult to describe common characteristics).
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Picture 4. Less-Standard Infrastructure Object Recognition 

2.4 Urban Data Analysis
Several tools have been developed for the urban data analysis to solve some practical city management’s tasks. Among them, the most important are the following.
· Retrospective analysis of urban changes to see and compare the difference between dates of surveys (for example one year versus other). It helps to observe the development of a city.
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Picture 5. Retrospective Analysis

· Urban object inventory
· Matching all the data about urban objects from different resources
· Navigate and Measure in the panoramas. Using the platform one is able to navigate easily inside the panorama and measure all the objects (distance, areas, curved lines, etc.) just by clicking any point in the panorama.
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Picture 6. Measurements of different objects and 

poles recognition.

2.5 City Planning by means of object embedding.

One of the most important functions for the city planning is objects embedding. Any object (including 3D models) can be embedded into panorama. Once embedded the object becomes a part of the environment and can be seen from any place on the panorama.
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Picture 7. Objects embedding
3. Some examples of use cases
This kind of integrational platform can be of a significant value for the city asset management and control over the territories. Municipality can especially benefit from the platform as it is can be not only the common data base for all the information about city objects but a communication tool between municipalities and the civilians.
3.1 Urban Asset Management
The platform is very useful for the asset management to support and maintain the city in the best way, to receive and analyses the information from the civilians about city problems, to forecast the changers in the city view. The platform can be a common tool for all the departments of a municipality. 
· Asset register (cadaster, etc)

· Property Tax Control

· Integration data base for all related information

· Retrospective analysis of urban space changes

· Emergency forecast (flood damages, infrastructure objects hazards, etc.)

· Heat Leakage map (detection and monitoring of heat leakage in buildings and other objects) based on the data from infrared cameras.
· Urban Asset Inventory can be done for road infrastructure objects (road signs, light poles, traffic lights, parking, curbs, hatches etc.); city yards objects (urns, benches, sidewalks, lawns) and other infrastructure objects.
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Picture 8. Heat leakage detection.

3.2 Other Projects  
· Urban Planning (embedding new 3D objects into a real environment on photo panorama).
· Virtual city tours
· Education projects (games in the real city environment, city history, etc.)
· Three-dimensional photorealistic model of the city (recognition and automated creation of three-dimensional textured objects)
· City of augmented reality (projects for tourism, education, disabled people, digital bikes, etc).
4. CONCLUSIONS

The main interest now is to create an integration platform based on geo data to be used by different types of users for different purposes – a platform for a Smart City. 

The proposed solution is very useful in this respect. The technology is operative – an average European city can be scanned and processed within 2-3 weeks. The equipment for the survey is available in the world market, many companies already providing data from surveys. This solution is very light to be used in mobile and web application and appropriate for any user – no special training is needed to use the system. 
Every point has a geo reference & 
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