BUILDING 3D DIGITAL CITY FROM UAV IMAGES
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Abstract: When 2DGIS can not meet all the demands from various urban users, 3DGIS emerges as the times require. For the high complexity in both theory and technology of 3DGIS, the research is still in elementary stage. To develop 3D digital city and make its applications, at first we have to solve the bottle-neck problem that how to build the 3D city model efficiently and quickly. In this paper, we design and implement a method which is composed of four steps including UAV (Unmanned Aerial Vehicle) remote sensing, monoscopic photogrammetry, detailed 3D modeling and 3D visualization.
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1. INTRODUCTION

Digital Earth and Digital City have become the research focuses in geographic information field. High-resolution remote sensing images are the most important sources for the city 3D information acquisition, and there are increasing demands. The general remote sensing techniques by satellite and aircraft can get the geographic information of large area, but there are some limitations in detail information acquisition of city. The satellite is restricted by the running cycle, height, cloud and some other factors. And the aircraft is also affected by many things such as airspace limit and weather. So theses techniques can’t completely meet the need of subtle 3D information acquisition in city. Unmanned Air Vehicle, and the acronym is UAV, is a new platform of Remote Sensing. There is no man in UAV, and it is navigated by the telecontrol device. UAV has many good characteristics such as low cost, simple manipulation, high resolution, flexibility and etc. UAV can implement many tasks that traditional aircraft can’t finish. Lots of practices prove that UAV is a ideal tool for high-resolution photos collection of city.
In the paper, we put forward a building reconstruction method from a single UAV image. We develop the UAVRS-II system to get the high resolution image of city, then analyze every image and derive the height and texture of buildings with the aid of digital map in existence, at last reconstruct the corresponding 3D models.
Firstly, acquiring high resolution images by UAV. As a new platform of Remote Sensing, UAV has many good characteristics such as low cost, simple manipulation, flexibility and etc. To get ideal photos, we  manufactured three kinds of UAV，installed digital cameras and navigable equipments on it. From tests of UAV images acquired from various shooting conditions, we draw the conclusion that 45° and 300 meter are the ideal shooting angle and height.

Secondly, extracting geometry and texture information from UAV images by monoscopic photogrammetry. Different from the traditional photogrammetry which needs stereo-mate, we developed a monoscopic photogrammetry method which only uses a single photo. The method is based on collinearity equation. In a single UAV image, we take every buildings as research objects, by dividing the parallel lines on buildings into three groups which parallel X, Y and Z coordinate axis respectively, we compute the photo parameters including the inner elements (x0, y0) and f , the angle elements A,αandκ, and the scale N, and on the basis of all the parameters we can measure the real height of every buildings. We also pick up the texture from the photo and accomplish orthographic rectification.

Thirdly, building 3D digital city. Using all the information we acquired from UAV images, we can reconstruct 3D models of all the objects in city one by one. In order to increase the modeling efficiency, we also established 3D Model Database which has many finished models that can be directly used including street lamp, telephone box, ash bin and etc.

Fourthly, developing 3D visualization software. We implemented a software named NewMap3DV that realizes displaying the 3D scene of a whole city smoothly, which has the data amount beyond 10GB. 
2. acquisition of UAV Images

The UAVRS-II remote sensing system is developed by the Chinese Academy of Surveying and Mapping which has integrated the RS and UAV technology. The system comprises of RS device, RS platform and tele-controlling system. RS device is used to acquire the photo, such as the CCD camera which we used in the paper experiments. The platform is the carrier of RS device which is made mainly of glass fibre reinforced plastic, and it has a lighter weight but a higher intension. The tele-controlling system is used to control the flying state and all devices working normally. Fig.1 shows the outline of UAVRS-II. 
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Fig.1 UAVRS-II RS System

In traditional aerial photograph, because the photo is taken nearly vertically to the earth surface, we can only get the height and top texture information of the main part of building, and lose plenty side face information. That can’t meet the demand of acquiring subtle city information. Unlike the traditional aerial photograph, we should photograph the object building obliquely (Fig.2) when we want to get the information as much as possible. From the oblique photo, we can derive various types of information including the height of every main part and small part, the top texture and the side texture.
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Fig.2 Oblique photograph
UAVRS-II can do remote sensing in the height range from 50 to 4,000 meters. Although we can acquire the high resolution image with the vehicle flying in a low height, there may be a danger of bumping tall buildings and the photo could only cover a small region. And if the vehicle is flying very high, the resolution of photo will be low grade. From lots of tests, we get the UAV images on various shooting conditions, and at last we draw the conclusion that 45° and 300 meters are the ideal shooting angle and height (Fig.3). Fig.4 shows examples of UAV images from various directions around the building.
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a. East photo                                       b. South photo
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a. West photo                                       b. North photo

Fig.4 UAV images from various directions

Although UAVRS-II has many good characteristics such as low cost, high resolution, flexibility and etc, it also has some disadvantages. Because it has a very light weight, UAVRS-II is much more influenced by outside environment such as the wind and it is difficult to control the vehicle photographing on a same pose. Therefore we have relatively much trouble in putting the images together. In the paper, we put forward a new method to do surveying on a single image, so we successfully avoid the limitation of UAVRS-II.
3. Surveying on a single image

In traditional photogrammetry, we usually use an image pair to reconstruct the 3D model of spatial object. But to some objects which have regular shapes such as building, because there are certain geometric relations among the out lines, for example as showed in Fig.5, Top line is parallel to Ground line and vertical to Side line, we can reconstruct the 3D model of building using these geometric attributes.
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In the paper, we design and implement a single image surveying method, by which we can get both the height and texture of buildings. The monoscopic photogrammetry method is based on collinearity equation. The whole process could be divided into four steps. In a single UAV image, at first we get the inner elements (x0, y0) and f by checking up the camera, secondly we divide the parallel lines in buildings into three groups which parallel X, Y and Z coordinate axis respectively and compute the three joint points, thirdly calculate the three angle elements A,αandκto implement the image relative orientation, fourthly compute the scale between reality and image using the real coordinate information abstracted from the 2D map database, then on the basis of all the above parameters we can get the real height and the ortho-texture of buildings.
3.1 Checking the camera

The purpose of camera checking is to get the inner elements including (x0, y0) and f and the lens aberration parameter K1. In the tests we used Nikon D100 digital camera, and the checking results is showed in the following formula.
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The result unit is pixel, and by multiplying 7.8μm which is the width of a pixel we can transform it to millimeter. The following is the model to rectify lens aberration.
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3.2 Computing the joint points

Fig.6 shows the projection of a building in a photo. In principle, all the lines that respectively parallel X, Y and Z coordinate axis should join in three points I, J and K. If we pick some points along line 13 and get the coordinate sets {(x1, y1),(x2, y2),… …,(xn, yn)}, then we can get the line Ax + By = 1 using the formula below.
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Fig.6 The Joint Points in A Image

And by the same means, we can get the description of line 24, then compute the coordinate of point I using the following formula.
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And the coordinates of point I and K can be computed using the formula 3 and 4. To ensure the precision of results, in practice, we usually take redundant points and compute the average.

3.3 Computing the angle elements

After the determination of the three joint points, next we will compute the three exterior angle elements A,αandκ. Taking one side face A of the building showed in Fig.6 as an example, we calculate the three elements. Fig.7 shows the detail. The angle α is photo obliquity, and the range is from 0°to 90°. A is attitude angle, and it ranges from 0°to 90°. And κ is the angle from x coordinate axis counter-clockwise to the u coordinate axis with the range from 0°to 360°.
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Fig.7 The Angle Elements in A Image
From the geometric relation of special Points, Lines and Faces in photogrammetry, obviously So⊥oIK and ov⊥IK, so we can draw the conclusion that △oaS, △Isa, △SaK, △Ioa and △Koa are all right-angled triangles. Based on relations of the right-angle and the coordinate axis, we can deduce the following formula.
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And the angleκis determined by the quadrant of the point a which is the cross of IK and Sv. Using coordinates of the points I, J, K, o and f, we can compute the length of oa, Sa, Io and SI, then we can calculate the three exterior angle elements A, α and κ by the formula 6.
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3.4 Computing the scale

Based on the above parameters x0, y0, f, A, α and κ, we can found the model of building in object space. But without any coordinate and length information of reality, we can’t determinate the size of the model. There are a few kinds of means could be used to get the scale between the model and reality. For that we have already possessed plenty of digital map, we can draw the length information we need, and then compute the scale.

Following the above computing process, we have get all the necessary parameters and built the formula transforming the image length to real length. 
4. 3D modeling of buildings

On the image which is acquired by UAVRS-II on the 300 meters height, as showed in Fig.8, we derived the height and texture information with the aid of 2D GIS database, and reconstructed the 3D models of buildings. Fig.9 shows detail of the models.
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Fig.8 The Image of UAVRS-Ⅱ                      Fig.9 Reconstructed 3D Models
5. 3D visualization software
On the basis of OpenGL, using Visual C++, we designed and implemented a 3D visualization software named NewMap3DV that realizes displaying the 3D scene of a whole city smoothly, which has the data amount beyond 10GB. Fig.10 shows the whole 3D digital city of Weihai that we founded using above method.
6. Conclusions

Today with the development of Digital Earth, Digital City and other digital projects, we have to be up against the puzzle that how to acquire the 3D information of city efficiently and quickly. In this paper, we have design a 3D reconstruction method of city from single UAV image. Using the techniques, we have already built many 3D city models in China including Weihai, Yantai, Hangzhou, Shijiahzuang, Wuxi and etc. The practice proved that it is an effectual means to solve the bottle-neck problem of 3D city modeling.
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Fig.10 3D digital city of Weihai
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Fig.3 The Ideal Photographing Pose
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Fig.5 Geometric attributes of building
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