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ABSTRACT: 

Although contemporary geospatial science has made great progress, spatial data fusion of vector and raster data is still a problem in 
the geoinformation science environment. In order to solve the problem, this paper proposes a method which merges vector and raster 
data. Firstly, the row and column numbers of the raster data, and the X, Y values of the vector data are represented by Morton code in 
the C++ environment, respectively. Secondly, we establish the the raster data table and the vector data table in the Oracle database to 
store the vector data and the raster data. Third, this paper uses the minimum selection bounding box method to extract the top data of 
the building model. Finally, we divide the vector and raster data into four steps to obtain the fusion data table, and we call the fusion 
data in the database for 3D visualization. This method compresses the size of data of the original data, and simultaneously divides the 
data into three levels, which not only solves the problem of data duplication storage and unorganized storage, but also can realize 
vector data storage and the raster data storage in the same database at the same time. Thus, the fusion original orthophoto data 
contains the gray values of building roofs and the elevation data, which can improve the availability of vector data and the raster data 
in the 3D Visualization application. 
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1. INTRODUCTION 

At present, there are two kinds of data structures commonly used 
in geographic information systems: vector data structures and 
raster data structures, and most of the other data structures are 
derived from these two data structures (Xie et al., 2009). Among 
them, integrated structure for raster and vector processing 
functions are ideal, providing maximum flexibility for data 
processing and analysis (Turk A.G.et al., 1992). However, there 
is still no suitable way to perfectly implement spatial data 
integration in vector data and raster data. Although, many 
researchers such as (Wu et al., 2017; Zhou et al. 2006; Li et al. 
2017) study the storage and management of vector data and 
raster data in a unified spatial database, integrated vectors and 
rasters for 3D modeling of buildings and orthophoto hasn’t 
realized in the analysis process and visualization process. 
Regarding data storage methods and organization methods, 
many researchers such as (Liang et al., 2012; Zhu et al., 2008; 
Gu et al., 2011; Wang ., 2004; Zhu et al., 2011) have done many 
research, but storage and organization issues are still a difficult 
problem to solve. Beside that, with the maturity of high-
precision mapping technology for UAV(unmanned aerial 
vehicle) remote sensing true digital orthophoto maps (Zhou et al., 
2008, 2009, 2016), the quality of TOM (raster data) is getting 
better. Memory for storing data has increased dramatically, and 
the effective reduction of the memory occupied by the data has 
become an urgent problem to be solved. Because vector data and 
raster data lacks organized storage, there are duplicate storage 
problems for the data. For example, (Zhou G., 2018) the same 
information of data is stored twice. In addition, many building 
vector data is only the outline data of the building. The data 
inside the top profile of the building is empty and there is no 
actual data, which greatly reduces the diversity of data usage. 
With vector and raster data for 3D urban data storage and 
analysis is becoming increasingly popular (Zhou G., et al. 2013, 
Guo J., et al. 2017), 3D visualization of vector and raster fusion 
data has also become an important research direction.  

In order to slove the problem of data storage and vector raster 
data fusion, this paper proposes a method based on Morton code 
to layer and store vector raster data in Oracle Databas0e 12C. 
This paper studies the following four directions: 

(1) The X value and the Y value of the three-dimensional 
building model data are represented by Morton code, and 
the storage operation is performed; 

(2) The row number and column number of the raster data are 
represented by Morton code, and the storage operation is 
performed; 

(3) Using the contour of the building to generate the smallest 
rectangular frame on the top surface of the building, and 
then extracting the top data of the building and performing 
the storage operation; 

(4) Organize the vector and raster data into a table, and call and 
perform 3D visualization from the fused data table. 

 

2. THE FUSION METHOD 

2.1 The Conversion of Raster Data by Morton Code  

In the orthophoto of 2n*2n, the number of rows and the number 
of columns of image data are represented by i and j. The Morton 
code of the i-th row and the j-th column is represented by m(i, j), 
and the following conversion relationship can be obtained by the 
row number and the column number: 
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In formulas (1): 0≤i, j≤2n,  presents down remainder   

arithmetic, and  represents rounding operation. As shown mod
in Figure 1, the gray area indicates that the number of rows and 
columns of the grid which rows is 3 and columns is 3, that is i=3, 
j=3. Use the formula (1) to get the Morton code representing 3 
rows and 3 columns is 15. 

 

Figure 1.Schematic diagram of raster data to Morton code 

 

Use the Morton code to represent the row number column 
number of each grid. The obtained data structure is shown in 
Table 1. 

Table 1. Raster data table 

Row Column Morton code Grayscale 

I1 J1 M1 G1 

........ ........ ........ ........ 

........ ........ ........ ........ 

I20 J20 M20 G20 

 

2.2 The Conversion of Vector Data by Morton Code 

Figure 2 shows the relationship between vector data and raster 
data. Vector data is data based on a certain coordinate system. In 
the same coordinate system, the position of the row and column 
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expression and the position of the vector expression are the same. 
The row and column numbers (i1, j1) representing the vector 
points are then derived from equations (2) and (3). 

  

          (2) )i1 1 floor((Ymax-Y) / dy 

         (3) j1 1 floor(( min) / dx)X X  

 

In formulas (2) and (3): (i1, j1) is the row number and column 
number indicating the original vector point (X, Y). In formulas 
dy=dx is the resolution of the raster image, where Ymax is the 
maximum ordinate of the raster and Xmin is the minimum 
horizontal coordinate of the raster image. The function of floor 
is the rounding operation, its function is “rounding down” or 
“rounding down”, that is taking the largest integer not greater 
than x. The function of the floor function is different from 
"rounding off". Rounding down is directly taking the left value 
closest to the required value on the number axis, meaning that 
the largest integer value is not greater than the required value. 
Then (i1, j1) is converted into a Morton code representing its 
position by equation (4), expressed by m(x, y). 

 

       (4) 

1
2 1 2 1

0

1
2

0

( , ) ( 1 / 2 * mod(2 * 2 ))

( 1 / 2 * mod(2 * 2 ))

n
k k

k

n
k k

k

m y x i

j


 











  

  





 

As shown in Figure 2, M2 and M1 are the maximum and 
minimum vector points of the orthophoto, where the resolution 
of the image is 1 meter, assuming M1(2,2), M2(10,10). The 
rectangular area Build1 (represented by the gray area) is the 
projection of the building on the orthophoto. A1, A2, A3, and 
A4 are corner points of the building, and the coordinates of the 
vector point A1 are X=2.5 and Y=6.5. Using equations (2) and 
(3), it can be concluded that the raster image row number where 
the A1 point falls is 4 rows and 1 column. Using the formula (4), 
the Morton code representing the vector point A1 is 33. 

 

Figure 2. Schematic diagram of the relationship between vector 
data and raster data 

 

Perform vector to Morton code processing on building data to 
obtain data table 2: 

Table 2. Vector data table 

Build ID X value Y value 
Morton 

code 
Height 
value 

Build1 X1 Y1 M1 Z1 

........ ........ ........ ........ ........ 

........ ........ ........ ........ ........ 

Build20 X2 Y20 M20 Z20 

 

2.3 Extracting the Top Information of the Building 

The building vector data is used to obtain all the X values and Y 
values of the projected contour of the building on the plane, and 
all the X values Y are compared to the maximum value xmax and 
the minimum value xmin and the maximum value ymax and the 
minimum value ymin of the y. As the formula (5)-(8), the 
maximum values of X and Y are rounded up to Xmax, Ymax, and 
the minimum values of X and Y are rounded down to obtain 
Xmin, Ymin, where ceil is the upward rounding function, where 
floor is the rounding function. Rounding up and down allows the 
selection bounding box to contain all the top areas of the building, 
and the floating point data can be rounded up for data point to 
Morton code processing. 

 

            (5) Xmax = ceil(xmax)

             (6) Xmin = floor(xmin)

                (7) Ymax = ceil(ymax)

             (8) Ymin = floor(ymin)

 

As shown in Figure 3 below, the selected bounding box A (Xmin, 
Ymin)B(Xmax, Ymin)C(Xmax, Ymax)D(Xmin, Ymax) can be 
calculated. Compared to calculating a building from an image, it 
is faster to extract the top data of the building from the minimum 
bounding box, and it only needs to compare the outline of the 
building with the data points in the minimum bounding box. 
Using the algorithm to get all X, Y values inside the bounding 
box ABCD separated by orthophoto pixels. Then use ray tracing 
method (Liu, 2008) to determine whether the point is inside the 
building outline EFGI. If the point is inside the building outline, 
we record the X value of the point, the Y value and convert the X 
value and the Y value into the row number and the column 
number. Position the row and column numbers to the raster 
pixels, and finally combine OpenCV to extract the gray value of 
the pixel. 
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Figure 3. Schematic diagram of top data extraction from 
buildings 

 

Finally, using equation (4) to convert the row and column 
numbers into Morton code, the data structure diagram of the 
following Table 3 is obtained. 

 

Table 3. Building top data table 

Build ID Morton code 
Height   
value 

Grayscale 

Build1 M1 Z1 G1 

........ ........ ........ ........ 

........ ........ ........ ........ 

Build20 M20 Z20 G20 

 

2.4 Hierarchical Fusion 

In the same position, the Morton code representing the vector is 
the same as the Morton code representing raster. Combined with 
the building elevation, building ID, etc., this experiment divided 
the data fusion operation into four steps. The specific steps are 
as follows: 

 

Figure 4. Schematic diagram of vector raster data layered 
fusion 

As shown in Figure 4: 

1. As shown in layer 3, the yellow area indicates the top data 
of the building, which obtained from the extracting the top 
information of the building. In order to eliminate the 
problem of data duplication storage, the data in the raster 
data table is retrieved using the Morton code in the top data 
of the building, and then deleted the repeated Morton code 
in the raster data table. Since the projection of the top surface 
data on the orthophoto image does not include the outline of 
the building, the Morton code in the building vector table is 
used to retrieve the data of the raster table, and the same 
Morton code is deleted. The repeated data is represented by 
the white area. 

 

2. As shown in layer 4, after the duplicate data of the white area 
is removed, the data of the gray area will be stored. Because 
the data in the gray area part has no building data, it is 
identified as 0 in the building ID, and the data of this area is 
assigned the elevation at the same time. The data structure 
table as shown in Table 4 is obtained: 

Table 4. Gray area data structure table 

Build ID Morton code 
Height   
value 

Grayscale 

0 M1 Z1 G1 
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........ ........ ........ ........ 

........ ........ ........ ........ 

0 M20 Z20 G20 

 

3. As shown in layer 4, the top data of the number of data 
buildings represented by the yellow area is directly stored 
into the top data structure of the building. Then we get the 
data structure table shown in the following figure: 

Table 5. Data structure table represented by the yellow 

area 

Build ID Morton code 
Height   
value 

Grayscale 

Build1 M1 Z1 G1 

........ ........ ........ ........ 

........ ........ ........ ........ 

Build20 M20 Z20 G20 

 

4. As shown in layer 4, the green area indicates the outline data 
of the building, where the top data of the building does not 
include the outline of the building. The data is stored in the 
database, and the data structure table shown in the following 
figure is obtained: 

Table 6. Data structure table represented by the green area 

Build ID Morton code 
Height   
value 

Grayscale 

Build1 M1 Z1 G1 

........ ........ ........ ........ 

........ ........ ........ ........ 

Build20 M20 Z20 G20 

 

3. APPLICATION 

3.1 Raster Conversion of Morton Code and Storage 

The OpenCV library is used to process grayscale images, read 
the row and column numbers of each raster and convert the row 
and column numbers into Morton codes. At the same time, read 
the grayscale values of each raster and output them to the TXT 
text to get orthophoto image. As the raster data TXT text has 
more than 22 million pieces of data, using the PLSQL(Database 
Upload Software) tool of the Oracle database to upload data to 

the database, which takes a long time and is not stable. This 
experiment uses the CMD(command prompt) command 
combined with the CTL file to upload data. Finally, the raster 
data table is obtained in the Oracle database. As shown in Figure 
5, the PID is the data ID number, I is the line number, J is the 
column number, G is the gray value, and MD is the Morton code. 

 

Figure 5. Raster data table in oracle 

 

3.2 Vector Conversion of Morton Code and Storage 

For building 3D data, it is first read into the computer's memory, 
and then compiled in C++ language to load it into the database 
in an orderly manner. There are many C++ interfaces that can 
access Oracle databases such as ODBC and ADO, which are 
simple to use (Li G., 2012). We use the ADO interface, a 
comprehensive and easy-to-use API to connect the Oracle12C 
database to Visual C++. In the C++ environment, the X, Y values 
of the vector points are converted into Morton codes, and then 
the ADO interface is used to execute the SQL statement to 
perform the vector data insertion operation, and the table for 
storing the building data is obtained in the Oracle database (see 
Figure 6). 

 

Figure 6. Building Vector Data table 

 

3.3 Top Data Selection of Buildings 

Use C++ to read the building vector data, and judge the point in 
the minimum selected bounding box. For the point where is 
within the top profile of buildings, OpenCV used to extract the 
gray value of the orthophoto image. And the (x, y) converted to 
The Morton code is processed into the database. The data 
structure diagram shown in Figure 7 is obtained, in which the 
Morton code and the Z (elevation value) are used to mark the 
spatial position of each pixel raster data, and the BID is the 
arrangement ID number of the building to facilitate the joint call 
with the vector raster fusion data. 
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Figure 7. Building top data table 

 

3.4 Layered Fusion of Vector Data and Raster Data 

After getting the vector data tables, raster data and building top 
data table tables in the Oracle database, this experiment 
procedures performs vector and raster data fusion. Mainly in the 
Oracle database to execute SQL statements, this experiment has 
also used the ADO interface to connect the C++ environment to 
execute SQL statements. Because the long time to go into and 
out of the database, the operation of data in the C++ environment 
is taking a long time, executing SQL language in an Oracle 
database is faster than executing in a C++ environment. The 
following are the steps to perform the fusion: 

 

1. Use the Morton code in the top surface and contour data of 
the building as the search condition, and set the elevation of 
the building outline (Z=5200m) to screen the outline of the 
bottom of the building. The SQL in the database is used to 
retrieve the data in the raster data table one by one. When 
retrieving data with the same Morton code, the data is deleted 
from the raster data table. 

 

2. The data represented by the gray area is stored. This part of 
data is the data of the original orthophoto after deleting the 
white area data. This part of the data has no elevation and 
building ID. In this experiment, the building ID and elevation 
are assigned to this part of the data, which is convenient for 
other researchers to make data calls. The building ID is 
assigned a value of 0 to identify the part of the data does not 
contain building data. When the data is called, the building 
ID can be used to distinguish the building ID. The bottom 
elevation of this dataset is consistently (Z=5200m), and the 
data assignment elevation of this part of the dataset is 5200m. 

 

3. The SQL language is used to directly copy the data in the top 
data table of the building into the library, but the top data of 
this part of the building does not include the contour data of 
the building. This article will deal with building contour data 
in the fourth step. 

 

4. The data of the green area part in Figure 4 is stored. In this 
part of the data, the vector table has a Morton code 
corresponding to the raster table and the elevation value in 
the vector table is greater than the ground elevation value. 
Using the elevation value as the retrieval condition, the data 
with the elevation greater than the bottom elevation is 
retrieved in the building table. At the same time, the gray 
value of the data retrieved by the Morton code in the raster 
data table is assigned to the building outline data. 

 

After performing the above steps, a fusion data table as shown 
in Figure 7 is obtained: 

 

 

Figure 7. Vector and raster Data table 

 

3.5 Result Analysis and 3D Visualization 

In order to verify whether the data can still maintain the 
characteristics of the original data after the conversion, the 
Morton code is compiled into x, y of vector. As shown in Figure 
8, Figure 8.a is the original database, Figure 8.b is the data after 
the vector and raster fusion, Figure 8.c is the original building 
data in the database and the Morton decode to (x, y), after the 
data obtained from the database. Each row of data before the 
conversion of Figure 8.a and Figure 8.c corresponds to each row 
of data after conversion, and the results show that the error of X 
value and Y value before and after conversion is about 1 meter, 
which is in accordance with the standard to be reached in this 
experiment. 
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Figure 8. Schematic diagram of Data inspection 

 

Input the Morton code interpretation parameters as shown in 
Figure 9.b, and call the data in the Oracle database in Figure 9.a 
(Figure 9.a is part of the data in the fusion data table) and 
interpret it. For example, the start and end ID numbers of 14 
mean that the data of the No. 14 building is interpreted and 
retrieved. The No. 14 building outline data is extracted first, and 
then the top surface data is extracted also. At the same time, the 
data with the building ID of 0 is extracted, which is the 
underlying orthophoto data. Finally, the information of the data 
that does not select to display the three-dimensional building, 
such as the gray level and the position, is extracted from the data 
of the building outline data portion and the top surface texture 
portion to fill the blank of the orthophoto image. Then OpenGL 
is used to model it in C++ as shown in Figure 9.d, and Figure 9.c 
shows it in 2D. It can be seen in the 3D visualization of Figure 
9.d that the fusion process uses a unified algorithm for 
conversion, so the stitching seam generated by multiple data 
calls in the display can be ignored. 

 

Figure 9. Schematic diagram of use the fusion data 

 

4. CONCLUSION 

This paper proposes a method of layering and merging vector 
raster data, in which the X value, Y value of the vector data and 
row number and column number of raster data are replaced by 
Morton code, which compresses the original data amount. At the 
same time, this paper tiers the data into the database, which not 
only solve the problem of data duplication and unorganized 
storage, but also stores all the information that the original data 
needs to express to the database. In addition, the original 
orthophoto data after fusion has elevation data, and the data at 
the bottom of the building model has gray values to improve the 
availability of data. Finally, this paper makes a call and 3D 
visualization of the fusion data, and proves the usability of the 
3D modeling of the fusion data from the imaging effect. 
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