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1. Product Description
1.1. Objects to use

CoVCA v1.0.0, the "land-population-economy" urban space collaborative
simulation platform based on vector cellular automata model, integrates the density
cellular automata and vector cellular automata models, and adopts the strategy of
"hierarchical progressive" step-by-step dynamic driver update to conduct the "land-
population-economy" multi-element space collaborative simulation. To provide help
for practitioners and scientific research workers related to geographic information and

urban planning.

1.2. Installation method

Click setup.exe or COVCA_Setup.msi to install (the path cannot have Chinese
characters and Spaces).

1.3. Interface display effect

CoVCA - O X
File View DataProcessing UrbanVCA DensityVCA CoVCA AboutUs

BE ®Q SHe @B BCLRLWM B3 R

Layer
[ vector Layer
[ Raster Layer

1.4. Software control description

1.4.1. Menu bar
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It consists of "File", "View", "DataProcessing", "UrbanVCA", "DensityCA",

"CoVCA" and "AboutUs".
File View DataProcessing UrbanVCA DensityCA CoVCA AboutUs

EF @ Q SH-O® 88CL W B =
1.4.2. Toolbars

By "Open Vector File", "Open raster file", "Zoom in", "Zoom out", "Pan",
"FullExtent", "Raster resample", "DLPS split", "Match land use data", "Vector to
raster", "Normalize", "Calculate Pg", "UrbanVCA", "Initation Density State of Urban
Development","Calculate Overall Development Probability (Density)", "Continuity-
based Mechanism CA", "Density Accuracy Evaluate", "Step-wise Synergetic
Simulation VCA", "Step-wise Synergetic Simulation VCA (Multi-factor)" and

"About us" several parts.

1.4.3. Data management module

This area is used to display the open data and perform some basic functions of
GIS, in which the data is composed of "vector data" and "raster data", and the data

that has been imported into the system is displayed under each module.

Layer

v [v| Vector Layer
landuse2009.s...

v [v] Raster Layer
normalize_can...

Right click on the data to be processed can open the basic GIS function module
menu bar. Vector data includes four parts: "Scaling to layer", "Opening Property
sheet", "Symbolization" and "Layer removal". Raster data includes three parts: "Scale
to Layer", "Raster Symbolization" and "Layer Removal".

1.4.4. Data Visualization Area

This area is used to display vector files and raster files imported into the system,
and also supports data display after operations such as classification. Here the raster

image is symbolized to display.
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[ RasterSymbolization - m} X

Froperty  Symbolizatien  Single-band Pseudo Color

Propertiss (Deuble click to changs)

Code Condition Color
10 >0
2 025 > 0.25
305 > 0.5
4 0.75 > 075

Hunber of Categories

: El
o [t |

5 covca — ] X

File View DataProcessing UrbanVCA DensityVCA CoVCA AboutUs

BE QAP HHSH- O8 8 CLlw BO &

Layer
[ vector Layer
v Raster Layer
normalize_can,

N

1.4.5. Layer view

Select the four function keys at the top ofthe toolbar, "Zoom in", "Zoom out",
"Move", "Zoom to current layer" to get a closer look at the current layer.
Q a KA
KN

Take "Zoom" button as an example. After clicking this button, the mouse pointer

will turn into "Zoom" button. At this time, after clicking a certain position ofthe
3
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image, hold down the left mouse button to drag and drop, you can select a certain

rectangular area to zoom in, so as to observe more specific features of the area.

1.4.6. Exception prompt dialog box

This dialog box is used to prompt the status and cause ofthe current abnormal

operation of the user in the system.

AR error x

e layer is invalid

B Information *

o Unable to classify. Caused by invalid field name.

[ Yes | Mo

[® 7 Information x

The current attribute field contains too many elements,
which is not conducive to reclassification!
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2. Data display function
2.1. Basic functions
2.1.1. Data file Import

Click Open Vector File in the File directory or the icon in the menu bar to open
the Select vector file dialog box, the user can select the desired vector file to be added
=]
to the main interface for visualization. 05 By selecting the vector file you want to

open, you can import the file into the system for subsequent operations.

Open vector file X
« v 1 > ItEBRE > FTADE (B) » CoVCA » v O | ECoVCAFE8E e
G- ks = - m @

¥ 3D W& ~ EFR =M EEE i) o
& A360 Drive s 2023/12/17 14:29 i
B wa alglib-3.16.0.cpp.gpl 2024/1/24 18:33 =2
=| B CoVCA 2024/10/7 14:51 prglis=s
= 3 eigen-3.3.7 2024/1/24 18:34 e
§ = gdal2.0.2 2024/1/24 18:34 prg =
b B5 Icons 2024/10/7 13:48 s
p—— libxml2 2024/6/13 20:30 prg =
log4cpp-1.1.4 2024/6/13 20:30 s
£ Windows-SSD (i 0g3cPP 75 -
opency x64 2024/1/24 18:34 g e
« Data (D3) . _ .
proj-8.3.0 2024/6/1319:19 ST y
- s (E) >
ST (N): v| %shp v

Click the Open Raster File in the File directory or the icon in the menu bar to
open the dialog box of selecting raster file, and the user can select the required raster
file to be added to the main interface for visualization. Fd By selecting the raster file
that needs to be opened, the file can be imported into the system for subsequent

operations.
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Open raster file X
« = + 1 > UkEERR > FTODE (E) > CoVCA v O  ECoVCA=igm e
He v FEEE = v [ 0

B wa N ER Em=E a7 Fh °

=B Vs 2023/12/17 14:29 T
&l o alglib-3.16.0.cpp.gpl 2024/1/24 18:33 STitsE
g pp-gp
¥ T CoVCA 2024/10/7 14:51 TS
b ER eigen-3.3.7 2024/1/24 18:34 ==
] gdal2.0.2 2024/1/24 18:34 T
£ Windows-SSD ( Icons 2024/10/7 13:48 prg =
H A2 =2 AR
 Data (D) libxml2 2024/6/13 20:30 STieEsE
logdcpp-1.1.4 2024/6/13 20:30 ==
- TS (E) g3cpp
opency_x64 2024/1/24 18:34 Ak
o e proj-9.3.0 2024/6/1319:19 i o
LV 4 >
STAFE (N): ‘ V| remote sensing image(*.tif *, ~
FIFF(0) B

2.1.2. Vector data basic GIS function selection

Right click on the vector data layer that needs to be operated, after the right
click, the menu interface will appear, including "Scale to layer", "Open property
sheet", "Symbolization", "Remove layer" four functions.

2.1.2.1.Zoom to Layer

Click the "Scale to layer" option to display the current vector data layer as the
layer range within the data visualization area.

2.1.2.2.0pen the Properties sheet

Click "Open property sheet" option, you can jump to the property sheet interface,
and the property sheet of the selected data will be displayed, and we can edit the

property sheet of the data by clicking. As shown in the following picture:


2.1.2.1
2.1.2.2
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W1 CovCA — O
DLMC NewTypelD Factor Emission
1 city NULL NULL NULL
2 city NULL NULL NULL
3 city NULL NULL NULL
4 city NULL NULL NULL
5 garden NULL NULL NULL
6 garden NULL NULL NULL
7 city NULL NULL NULL
8  water NULL NULL NULL
9 city NULL NULL NULL
10 water NULL NULL NULL
11 city NULL NULL NULL
12  water NULL NULL NULL
13 city NULL NULL NULL

2.1.2.3.symbolization

Ifthe data ofthe current operation layer is vector data, click the "Edit

vector symbol" option to open the vector layer symbol interface.

B | VectorSymbolization — O >

Property Symbolization Annotation

Name : 2815.shp
Path: E:/UrbanVCA_APP_v2.1/data/2815.shp
Storage: ESRI Shapefile
Geometry: 3
CRS: EPSG:4326 - WGS 84 - Geographic
Extent: ((1.94151e+B86, 2.59111e+86);(1.94356e+06, 2.59415e+86))
Feature count: 126
Field:DLMC

NewTypeID

Factor

Emission
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The Property page displays the basic parameters of the selected layer,
including the layer name, path, storage mode, geographic element type, reference

system, coordinate range, element number, and all property field names.

B | VectorSymbolization — O X
Property Symbolization Annotation

Setup Corresponding Colors and Values for Each Land Use Type
Classification ~
Value DLMC ~
Label DLMC ~

Land Use Code  Land Use Type  Color Selection Color

Classify Delete All
0K Cancel

The Symbolization page classifies and renders a vector layer's elements. The
"Category" drop-down box Clssification v can select
the method that the current operation data needs to be symbolized, and the "Field
value" drop-down box can select the field name that the current layer needs to be
classified: Va= OBIECTID ¥ The "Label" drop-
down box can select the field that the current layer needs to be labeled:

Lael  OBECTID v
If the "field value" drop-down box selects anon-numeric field, the following

error pop-up window will popup, and ask the user tore-select the field value:

® | Information prd

o Unable to classify. Caused by invalid field name.

Yes No

After adjusting the parameters, click the "classification" button, you
cansymbolize the classification based on the current parameters. The classification

results are shown in the picture below:
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B | VectorSymbolization — O X

Property Symbolization Annotation

Setup Corresponding Colors and Values for Each Land Use Type

Classification w

Value DLMC w

Label DLMC e
Land Use Code Land Use Type Color Selection Color

1 city city Set Color _
2 garden garden Set Color _

3 water water Set Color
A4 farmland farmland Set Color _
5 woodland woodland Set Color _
Classify Delete All
0K Cancel

Click the "Delete all Classes" button to delete all the current classification effects

Delet= Al ‘However, if the user has

and automatically empty the table content.
been classified through the drop-down box to adjust the value ofthe category and
label value, click the "category" button will re-initialize, complete thereclassification
parameters setting.

After the classification, click the "Select color" property of each category, you

can jump to the interface as shown in the following figure to modify the color ofthe

X Set Color
category according to user needs:
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B | Select the color of this label

X

Basic colors

HEENEENNC
HEEEENNC
L Ll i
I
HEEENEE
L1 1 1 | Ieieie

Fick Screen Color

.

Hug: (356 =| BRed: |70 =

Bat: [1B9 3| Green: [18
Custom colors

III

Val: [To 3| Blue: |21 |3

HEN NN - B
HEN NN Alpha channel: |255 3
Add te Custem Colors ETHL:|#461215 |

Cancel

After setting the relevant parameters, click the "OK" button to exit the "Layer
Properties" interface, and the original layer style after symbolic rendering will be

displayed in the visualization area, such as the following picture:

2 CoVCA - [m] X

File View DataProcessing UrbanVCA DensityVCA CoVCA AboutUs
RE Qe SH- Q@@ B CRWM B3 A

Layer
v Vector Layer
2015.shp
Raster Layer

The Annotation page can display the corresponding fields on the elements.

10
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B | VectorSymbolization — O >

Property Symbolization Anncotation

Annotation Text

Annotation Field:

DLMC w
Annotation Style:

Font SimSun ~
Size 9

Bold 8

Italics 8 w

0K Cancel

Among them, the annotation field is used to select the field that needs to be
displayed.
Annotation Text

Annctation Field:

DLMC

Click Font to change the font.

B | Select Font X
Font style Size
Regular 9
AcadEref ~ | | Regular 6 -
Agency FB 7
AIGDT 8
Algerian v ?
B - N 10 v
Effects Sample
[] strikeout
[ underline AaBbtyiz
¥riting System
Ay i

Click Color to change the font color.

11
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B | Select the color of this label

Basic colors

HEENEENNC
HEEEENNC
L Ll i
I
HEEENEE
L1 1 1 | Ieieie

Fick Screen Color

.

Hug: (184 5| Red: |3

Bat: (245 3| Green: |72
Custom colors

X

Val: |77 3| Blue: |77
HEN NN - ue
DDDDDDDD 4lpha channel: |255
Add te Custem Colors ETHL:|#OS484d |

Cancel

The effect is shown below:

) CoVCA

File View DataProcessing UrbanVCA DensityVCA CoVCA AboutUs

RE @Q SHMmO@® CLH W 883 &

Layer
v Vector Layer
2015.shp
Raster Layer

2.1.2.4 Remove layer

Click the "Remove Layer" option to remove the selected vector data.

2.1.3. Raster data basic GIS function selection

12
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Right click on the raster data layer that needs to be operated, after the right click,
the menu interface will appear, including "Scale to layer", "symbolization", "Remove
layer" three functions.

2.1.3.1.Zoom to Layer

Click the "Scale to layer" option to display the selected raster data layer in its
full form in the data visualization area.

2.1.3.2.Symbolize

Ifthe current layer data is raster data, click the "Edit raster symbol" option to

open the raster layer symbolic interface.

B | RasterSymbolization - O X

Property Symbelization Single—band Pseude Color

Name: normalize_canyin. tif

Path: E:/Carbon¥Ci/normalize_canvin. tif

Row Count: 1710

Col Count: 3039

Data Type: Float3Z2

Extent: ((781341, 2.53216e+06), (B3Z641, 2. 4409%9e+06))
Band Count: 1

Band 1:

Mininun Value: O

Maximum Valus: 1

The Property page displays the basic parameters of the selected layer, including
the layer name, path, resolution, data storage type, range, number of bands, and the

maximum and minimum values of pixels for each band.

13
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' RasterSymbolization - O X

Property Synbolizatlion Single—band Pseude Coler

Display
Red Band Band 1 &
Green Band Band 1 v
Blue Band Band 1 ™
Histogram
19 =EBand 1
0.8+
0.6
=
@
= 4
g 1
i) . N
= \
0.2+
0d
T T T T 1
0 0.5 1 15 2

Pixel Value

[0):4 Cancel

The Symbolization page can count the frequencies of different bands within the

user-specified pixel range.

B RasterSymbolization - O X

Property Symbolization Single—band Pseuds Coler

Properties (Double click to change)

Code Condition Color
10 >0
2 0.25 > 0.25
305 > 0.5
4 0.75 = 0.75

Number of Categories

4 >

0K Cancel

The single-band Pseudo Color page allows a pseudo-color display of a Single
band. The user can set the Number of Categories in the Number of categories and

click Color to change the color. The effect is as follows:

14
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5 covca — ] X

File View DataProcessing UrbanVCA DensityVCA CoVCA AboutUs

RE QAP HNSH- O BCRM B2 K

Layer
[ vector Layer
v Raster Layer
normalize_can,

N

2.1.3.3.Remove layer

Click the "Remove Layer" option to remove the selected raster data.

3. Data Preprocessing
3.1. Data regularization - resampling

This function mainly resamples raster data to change the spatial resolution of the
data. It should be noted that the data used by the model should maintain a uniform
resolution.

Click the "data regularization-normalization" option to open the corresponding
interface. The user adds the file to this interface and selects the base image for

resampling to change the resolution.

15
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[87 resampling O X
Add the file to this module, select the base image and change the resolution without changing the actual geographical
range. (Note: Double click to identify the base file, select the file and press delete to remove it.)
Pending Files
Path Name Data Type Width Height  Band Count Finish
Tarzet Paras
¥idth
1 <
Height
1 2
Output Path
| Run |

The user clicks on the Insert raster file of Pending Files, and the table in Pending

Files displays basic information about the input data. e
Pending Files

Data Type Width Height

Band Count

Set theresampled length and width in Target Params.
Target Params

Width

1000 =
Height

1000 &

Set the Output Path in Output Path and click run Output
Output Path

D /Experiment/CoCA/Data

Run

3.2. Data regularization - normalization

16
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This function is mainly to normalize the spatially driven data set to form the
raster data with the range value of O~1, which is convenient for the subsequent
calculation of the overall development probability.

Click the "data regularization-normalization" option to open the corresponding

interface. The user adds the single band raster data to this interface to normalize it.

El\zl MNormalize = m] X

Add files to this module to normalise the various types of single band data. (Note: Select the file and press the delete key to delete)
Pending Files

Path Name Data Type Width Height Band Count Finish

Output Path

Bun

The user clicks on the Insert raster file in Pending Files, and the table in Pending
Files displays basic information about the input data.

Set the Output Path in Output Path and click run to output.

Output Path

D:/Experiment/CoCA/Data

Run

3.3. Vector plot handling - Dynamic plot splitting

This function is mainly used to subdivide vector plots again, for dividing large

plots. Click on "DLPS split" to turn this feature on.

17
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® | LanduseDLPS

ILFS Parameters

Input data before DLPS spliting:

Output data after DLPS spliting:

Max iteration

Statistical Thresheld

Max parcel area

Run DLFE

Info

Field name of land use type after reclassification

1 -

Custom Thresheld

F X

First, we need to select the vector land use file path to be split, and the vector

land use data saving path after splitting
DLFS Parameters

Input data before DLPS spliting:

Output data after DLFS spliting:

Through the "Input fileselection" button, we can select the vector file through the

vector fileselection dialog box, as shown in the picture below:

18
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# ] Select data before DLPS slpiting b
« v 1 > HFERY > FANE (E:) > CoVCA v O  ECoVCAhigE P
B - e =- O @

¥ 3D & ~ EFR =M EHE E=iel Fph A
& A360 Drive s 2023/12/17 14:29 pogaes
B ws alglib-3.16.0.cpp.gp! 2024/1/24 18:33 itk
= B CoVCA 2024/10/7 14:51 M3
E o eigen-3.3.7 2024/1/24 18:34 b4 2
3§ = gdal2.0.2 8:34 i
b =5 lcons [713:48 A
i 0:3( sk
B eE libxml2 0:30 y==c
log4cpp-1.1.4 2024/6/13 20:30 s
£ Windows-SSD °gAePp o =
opencv_x64 2024/1/2418:34 BgL=s
- Data (D3) ) .
proj-9.3.0 2024/6/13 19:19 Ak v
- FTHOE (E)
(VN & >
STHER(N): ~| | shp(-shp) v

Then, the user needs to set the land splitting parameters, including the number ofland
splitting iterations, the maximum land volume threshold, and the field name ofthe land use
type after reclassification. Among them, the maximum land area threshold function is:
if the land area exceeds the threshold value, it will split. If it is set to "0",the system
will automatically set the threshold value to the average land area according to the
current data. The setting interface of dynamic plot splitting parameters is shown in the

following figure:
Field name of land use type after reclassification

4 F

Max iteration |1

In addition, when the maximum plot area threshold is 0, the system will split
the plots whose area is greater than "average plot area +n*dStd".Allowable
product parameter (n) of standard deviation of area and standard deviation of mean

area. Set as follows (default is 3):
Statistical Thresheld Custom Thresheld

Allowable multiply of standard deviation between

3 rFy
parcel area and average parcel area x

After the above parameters are set, the user clicks the "Run DLPS" button to split.

19
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Eun DLFS

In addition, the user can observe the function running in the log status bar.
Info 5 X

3.4. Vector plot processing - Plot matching

This function is used to match the vector plot data of two years, so as to merge
them into the same vector data, which is convenient for the subsequent urban vector
plot simulation operation.

Click on "Land use data Matching" in "Data Preprocessing" in the menu bar. You

will get the following interface.
B | LanduseMatch - O X

Land use data to be matched

Land use data before changze

Field name of land use tvpe

Land use data after change

Field name of land use type

Cutput the data after matching

Match

Info [ 4

20
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First, the user needs to enter the land use data before and after the land use
change, and the field name containing the numeric code of the land use type. By
clicking the button, the user can select the land use data in the pop-up dialog box, and
the system will automatically identify all the field names ofthe property list ofthe
current data.

The user can select the field name with the numeric code of land use type from

the drop-down list.
Land use data to be matched

Land use data before change

Field name of land use type

Land use data after change

Field name of land use type

Once this is done, the user needs to set the path to save the matched land use

data.
Output the data after matching

Click the "Match" button again, and the system will automatically run the land
use data matching function.

Natch

The exported land use data will automatically generate fields: ID, before,
simulated, after, Pr, area, centerX, centerY, Pg0, Pgl... Pgn, NO, N1... Nn. Their
respective stands for: Plot ID Serial number, land use type before land use change,
land use type after land use change simulation, land use type after land use change,
limiting factor, land area, land centroid coordinate X, land centroid coordinate Y, the
overall development probability of land development into type 0 land use type, the
overall development probability of land use type 1 land use type... The overall
development probability of the plot developing into the NTH land use type, the plot

subject to the neighborhood effect of the Oth land use type, the plot subject to the
21
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neighborhood effect ofthe 1st land use type... The land parcel is subject to the

neighborhood effect ofthe NTH land type. The data automatically generates a list of

properties, as shown below:

ID before simulated

1
7
1

i
1
7
1
1

@~ [ [ [~ [w ][N ][=
L N S = T =1
o o o o o o o o

In addition, users can observe the status of the function running in the log status

bar.

Info

after

1
0
1
1
-1
i
0
i

Pr

O .

area
32C

2370

584

4€

417

centerX
1341906

1942066

1941806

1941728

1941548

1941637,

1941601,

1941864,

(Image courtesy QGIS)

centerY
2593809

2593915

2593585

2593597

2593469

2593598

2593573

2593748

Pg0

3.5. Vector block processing - Vector data to raster

o o o o o o o o

NO

o o o o o o o o

This function is mainly used to convert vector plots to raster processing, which is

convenient for subsequent collaborative simulation operations.

Click "Vector to raster" in "Data Preprocessing" to open the function, as shown:
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B | VectorToRaster - O x

ShpFile

Input shp data to convert to raster data

Raster parameters

Select the field which to convert o
Select the output data type Byte L]
rasterCellSize (n) 0, 000000 s

Output Fath

Run
5 | Select Shp Data File X
+ > UkEERR > FThDE (E) > CoVCA » v ) | ECoVCA =iEE )
ER - FETsE = . m @
P 3= ~ EFR ERBHE =il p o
© A360 Drive s 2023/12/17 14:29 i
B wa alglib-3.16.0.cpp.gpl 2024/1/24 18:33 s
= EA CoVCA 2024/10/7 14:51 i
& srry eigen-3.3.7 2024/1/2418:34 i
¥ = gdal2.0.2 2024/1/24 18:34 i
=74 Icons 2024/10/7 13:48 SiEE
— libxml2 2024/6/12 20:20 i
log4cpp-1.1.4 2024/6/13 20:30 g =
£ Windows-SSD ( o9%ePp e/ =
opencv_x64 2024/1/2418:34 AR
- Data (D3) . )
proj-9.3.0 2024/6/1319:19 i
- FUONE (E) > .
STHEE(N): v| shp v

Subsequently, select "Field", "Data Type (float, etc.)", and "raster Size" for which

you want to turn the raster.
Raster parameters

Select the field which to convert |TypelID s
Select the output data type Evte w
rasterCellSize (n) |0. 000000 =

Click the "run" button to perform the vector-to-raster operation.
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In the blank status bar below, you can see the corresponding operation and

running status.

[Infolstart
[InfolFinish!
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4.Vector plot simulation function based on UrbanVCA
4.1. Overall development probability calculation module

4.1.1. Function selection

Click on the menu bar "UrbanVCA" and select "Calculating Pg" from the menu

that pops up.
CoVCA

File View DataProcessing UrbanVCA DensityVCA

08 @ Q @ Ccalculate Pg L{
[

& Urbanvca
[T

We can also Calculating the total development probability by calculating the

[
"Calculating Pg" button in the toolbar, as shown in the following figure: ‘0

@ LandusePgs - O ps
Pgs Compute Pgs Visualization
Spatial auxiliary variables (.tif)
Images Path
Setting parameters
Data after matching (.shp)
Mining method of overall probability of development (Pg)
Random Forest v
008 ratio: 2.30 - Number of hidden layers: |2@ =
Number of restarts: 18 =
umber o rees Number of folds in k-fold cross-validation: 18 =
Output / Input Pg text data (.csv)
Output Pg datas (.shp)
Calculate
Info F X

4.1.2. Calculating the total development probability
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First of all, the spatial auxiliary variables in Tiff format need to be imported.
Users can select multiple spatial auxiliary variables in the pop-up dialog box by

clicking the button, as shown in the following figure:

Spatial auxiliary wvariables (.tif)

Images Path

D:/geodata/LCOS_L1TP 123039 20191020 20191030 01 T1/

1 Lces L1TP_ 123039 20191020 20191030 81 T1 B1.TIF

D:/geodata/LCO8_L1TP_123039_20191020_20191030_01_T1/

2 Lces_L1TP_ 123039 20191020 20191030 81 T1 B2.TIF

D:/geodata/LCO8_L1TP_123039_20191020_20191030_01_T1/

3 Lces_L1TP_123039_20191020_20191030_01 T1 B3.TIF

Then, the user needs to import the land use data matching data file (see 3.4 for

details), as shown below:

Setting parameters

Data after matching (.shp)

Then, users can choose random forest, neural network, logistic regression and
other machine learning models according to their needs, or directly import Pg files

from outside:
Mining method of overall probability of development (Pg)

Random Forest

|Random Forest
Neural Network

Logistic Regression
Existing Pg text data

e LA = EE B S s B e [ R i

Ifthe user chooses the machine learning model, the parameters of the model can

be set, and the trained Pg file saving path can be selected:

4k

-

00B ratio: |B.3B ‘|HumbE“ of hidden layers: |28

Number of restarts: 18

4k

Y

Number of trees: 98 =
umber o trees | |r1umbe~ of folds in k-fold cross-validation: [18

1

Output / Input Pg text data (.csv)

Ifthe user chooses to import the Pg file directly, there is no need to import the
spatial auxiliary variables. Note that Pg is in.csv format and each line is formatted as:
"Pg0,Pgl... Pgn,ID ", where the ID of each plot is the value corresponding to the "ID"
field in the generated attribute list of the land use data (the format can be referred to
the trained Pg file above). Users need to import the path where the Pg file is located in

the following figure:
26



CoVCA v1.0.0 Instruction Manual

Output / Input Pg text data (.csv)

After the above Settings, set the storage path of the total development probability

data file, and then click the "Calculation" button, as shown in the following picture:
OQutput Pg data (.shp)

Calculate

The software also provides the overall development probability visualization
function. After the calculation is complete, the user can make the observation in the

"Pgs Visualization", as shown below:
@ LandusePgs - O *

Pgs Compute Pgs Visualization

Select the Pg to convert to the current land use type

The Pg to convert to the current land use type. Range: [0 , 1] F X
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Select the overall probability of developing into land Type i in the drop-down list

box as follows:
Select the Pg to convert to the current land use type

Then, the software will automatically display the visual dynamic effect diagram
of'the overall development probability on the right side ofthe interface, and the redder

the color, the greater the probability value. As shown in the following picture:
Select the Pg to convert to the current land use type
Pg0 e
The Pg to convert to the current land use type. Range: [0, 1] g X
N TR e

"\. : SV - q .
' 2 .'-‘-h ) o, '[ Ny ‘~. =

b e S, T by

’.,if-'ﬁisf‘-’h#"'aﬁg,-

N =8

.=
AN = ‘

N\ 57
B L

ql_]
<D

7&’4‘3“-’.53.-’53 AT
Ny A

o 2 _1-..'_9,"/‘"
0 » : .

7, =X [

Users can also observe the function running in the log status bar.
Info F X
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Of course, users can skip this module and directly modify the Pg field in the

property list of land use data after matching.

Pg0
0.08889

0.13333
0.14444
0.14444
0.02222
0.08889
0.07778
0.42222

0.06667

Pg1 Pg2
0.27778 0.13333
0.07778 0.11111
0.15556 0.22222

NULL L X
0.12222 0.08889
0.27778 0.06667
0.20000 0.07778
0.12222 0.13333
0.15556 0.35556

(Photo courtesy of QGIS)

4.2. UrbanVCA analog module

4.2.1. Feature selection

Pg3
0.12222

0.34444
0.40000
0.17778
0.41111
0.38889
0.43333
0.33333

0.07778

Pg4
0.18889

0.27778
0.23333
0.11111
017778
0.08889
0.16667
0.22222

0.20000

Click on the menu bar "UrbanVCA" and select "UrbanVCA" from the menu that

pops up.

ig | UrbanVCA DensityVCA

@ Ccalculate Pg
& Urbanvca

T

We can also open the UrbanVCA model simulation function by clicking

"UrbanVCA" button in the toolbar, as shown in the following picture:
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M LanduseVCA — O X
VCA Paras Accuracy Evaluation

Parameter settings

Data after calculating Pg (.shp)

Neighborhood radius: |SBB.BB =
Iteration times: |1 =
Restricted development data (.shp) (Optional)

Land use development needs (area) Conversation rules

© Default O Portion O Total

Info: The values in the table represent the area of land use change from column to row.
Output 5imulation / Prediction dataset

Run
5 x

4.2.2. UrbanVCA model simulation

First, the user needs to import the total development probability calculation file

(see 4.1.2 for details) and set the neighborhood radius value and the number of

iterations as follows:
Data after calculating Pg (.shp)

Neighborhood radius: |SBB.BB =

Iteration times: |1 =
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After completion, the system will automatically count and display the area size

of conversion between various land use types, as shown below:
Land use development needs (area) = Conversation rules

@® Default O Portion O Total

Type 0 Type 1 Type 2 Type 3 Type 4 ~
Type O 0.000 13871571.440 10241911.247 919757.837 7609403378 32
Type 1 29088066.285 0.000 185780.324 37428.183 2531932370 31
Type2 48791157864 1165600.783 0.000 108944.163 3643784.605 5t
'(l'vne 3 11942178.038 523300.357 102978.473 0.000 1178870.347 lf v

Each value of'the table in the figure represents the area of the land use type
corresponding to that column to the land use type corresponding to that row,
regardless of the fact that the land use type has not changed.

The user can then set the restricted development area as needed, and by
importing the. SHP file of the restricted area in the figure below, the system will
automatically prohibit the development of the block located within the restricted area

(this feature is optional, not necessary).
Restricted development data (.shp) (Optional)

The user can then set the land use change area as shown in the image. If

"Default" is selected, it means that the system adopts the statistical result of the
imported overall development probability calculation file; If "Portion" is selected, it
means that the conversion area between various types of land use can be modified
artificially, and the system adopts the modified value; If "Total" is selected, it means
that the development area of various land use types can be artificially modified, and

the system adopts the artificially modified value.
@ Default () Portion () Total
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Land use development needs (area)  Conversation rules

(O Default @ Portion O Total

Type 0 Type 1 Type 2 Type 3 Type 4

TRel 08663 0000 18034 IMIE 28R
Pgel OUSTESH IESK0TEH 0000 108416 364T6eE0s
Twed 11942178038 523300357 102978473 0000 1178870347 1.

< >

~

Land use development needs (area) = Conversation rules
O Default O Portion @ Total

Type 1 Type 2 Type 3 Type 4 Total “
Type 0 13871571440 10241911247  919757.837 7609403378

Type 15 0.000 185780.324 37428.183 2531932.370

Type2 4  1165600.783 0.000 108944.163 3643784.605

Tvpe 3 i8 523300.357 102978.473 0.000 1178870.347
<

At the sametime, users can click "Conversation rules" to set the land use
conversion rules. By double-clicking the median value of the table, they can set

whether there is conversion between land use types.
Land use development needs (area) =~ Conversation rules

Type 0 Type 1 Type 2 Type 3 Type 4
oo [
-
-
-

Each value of'the table in the figure represents the change ofthe land use type

corresponding to the column to the land use type corresponding to the row, regardless
of'the unchanged land use type.

After setting the above parameters, the user selects the path ofthe folder where
the simulation results are saved and exported, and clicks the "Run" button to start the

operation.
Output Simulation / Prediction dataset

| Run |
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Note: The result file contains the land use simulation data (.shp) and
corresponding accuracy evaluation (.txt). For the land use simulation data, the
simulated field can be viewed after the user opens the attribute list, which represents
the simulated land use type of each land plot (see 3.4 for the meanings ofthe fields in
the attribute list). In addition, the user can observe the operation of the function in the

log status bar.

After the model simulation is completed, the Accuracy Evaluation results of each
iteration will be displayed in the "accuracy evaluation" table. Users can also click
"Export accuracy table" button to export the accuracy evaluation results. As shown in

the following picture:
& LanduseVCA - O *

VCA Paras Accuracy Evaluation

Accuracy evaluation

Iteration FoM PA UA Kappa OA

Export accuracy table (.csv)
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5. Simulate the continuous change of urban elements
based on DensityCA model
5.1. Calculate the initial density state ofurban development

Click on the menu bar "DensityCA" and select "Initialization Density State of

Urban Development" from the menu that pops up.
CoVCA

File View DataProcessing UrbanVCA DensityCA CoVCA AboutUs

08 @:.l Q 5% Initation Density State of Urban Development
(B Calculate Overall Development Probability (Density)

[ Vector Layer

Ractar | avar

m Density Accuracy Evaluate

Layer ‘ ‘ Continuity-based Mechanism CA

We can also open the function module of calculating the initial Density State of

Urban Development by clicking the button of "Initialization Density State of Urban
oa
Development" in the toolbar, as shown in the following picture: B4F

i | Initialisation Density State of Urban Development - a X

Land Use Data

Previous land-use data

Subsequent land-use data

Classification of Urban Land and Non-urban Land

Index Pixel value Urban Land

QOutput Path
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First, click on the right buttons of Previous land-use data and Subsequent land-
use data respectively. In the subsequent folder selection dialog box, select the path for
storing Land data before and after the change. . The following is shown:

Land Usa Data

Previous land-usze data

Subsequent land-use data

In order to divide the original data into "Urban - Non-urban" Land, you can set
whether it is urban Land by double-clicking "Urban Land" corresponding to the land

type in "Classification of Urban Land and non-urban Land", as follows:
Claszification of Urban Land and Non-urban Land

Index Pixel value Utrban Land
11 2 True
22 1 Tru
33 3 Trw
44 4 Tru:

Finally, click the button in "Output Path", select the result saving path in the pop-

up dialog box, and the result will be. e Output in Tif format.
Output Path

Click the "Run" button to start performing the city Development Initial density
status calculation function.

Eun

5.2. Calculate the overall density development probability of
the city

Click on the menu bar "Density CA" and select "Calculate Overall Development

Probability (Density)" from the menu that pops up.

35



CoVCA v1.0.0 Instruction Manual

CoVCA
File View DataProcessing UrbanVCA DensityCA CoVCA AboutUs

08 @ Q 87 Initation Density State of Urban Development
(© calculate Overall Development Probability (Density)
Layer Continuity-based Mechanism CA
[] Vector Layer il Density Accuracy Evaluate

[] Raster Layer
We can also open the function module of calculating Overall Development
Probability (Density) by clicking the button of "Calculate Overall Development

Probability (Density)" in the toolbar, as shown in the following figure: C

(& calculate Overall Development Probability - O X

Subsequent Land-use Samples

Land Use Data

Set NoData Value

Driving Data (Select and press the delete key to delete)

Input Samgles Path

Related Params
Mining method of overall development probability

random forest ~

Sampling rule
(@ Uniform Sampling () Random Sampling () Manual Sampling () Stationary Sampling
Sampling Rate (1/1000) [300 =

Sample file data (Polygon vector data)

Sample file data (Point data)

RF-based Params. NN-based Params

Decision Trees Number 80 =

Output Pg Path

Convert

First of all, click the button in "Land Use Data", the system will automatically
popup a dialog box, the user needs to select the initial density state data ofurban
development obtained in the previous step.

Then, after clicking the button in "Driving Data", the system will automatically

popup a dialog box, in which the user needs to select the data set of driving factors to

be trained.

36



CoVCA v1.0.0 Instruction Manual

Driving Data (Select and press the delete key to delete)

Input Samples Path

After completion, select the Mining method of overall development probability
from the drop-down box of "Mining Method of overall development probability",

which is random forest model by default. It looks like this:
Mining method of overall development probability

neural natwor

Then, in "Sampling rule" select regular sampling, random sampling, manual
sampling, Static sampling, as follows:

Sampling rule
© Uniform Sampling (O Random Sampling () Manual Sampling () Stationary Sampling

If Sampling is random, set the Sampling Rate size by "Sampling Rate", as

follows:

Sampling Rate (1/1000) 300 z

If Sampling is manual, import the specified sampling area.shp File via "Sampling
File data (Polygon vector data)", as shown below:
Sample file data (Polygon vector data)
Where, the data format of the specified sampling area.shp file is polygon surface
data under the same projection area range.
Ifthe Sampling is static, it is necessary to import the specified sampling pixel
location File through "Sampling File data (Point data)", as shown below:
Sample file data (Point data)
Where, the data format of the specified sampling pixel location file is: "row

number, column number," and the sample data is shown as follows:

686, 919,
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Then, according to the mining method of overall development probability
selected above, model parameters are set in "RF-based Params" or "NN-based

Params", as follows:
RF-based Params NN-based Params

Decision Trees Number 80 :

Finally, click the button S in "Output Pg Path" and select the storage
location of the overall development probability file in the pop-up dialog box, as

shown below:
Output Pg Path

Dr:Experiment/ CoCA/dwg-data/data/test/pg2 tif

Click "OK", the system will start mining the overall development probability Pg,
and display the function execution status in the left Log.

5.3. Simulate the continuous change ofurban elements

Click on the menu bar "Density CA" and select "Continuity based Mechanism

CA" from the menu that pops up.
CoVCA

File View DataProcessing UrbanVCA DensityCA CoVCA AboutUs
03 [H @ Q B3 Initation Density State of Urban Development

(® Calculate Overall Development Probability (Density)
Layer Continuity-based Mechanism CA
[] Vector Layer [l Density Accuracy Evaluate

| S R,

We can also open the simulation module ofurban element Continuity change

through the button of "Continuity-based Mechanism CA" in the toolbar, as shown in

the following figure:
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5 Continuity-based Mechanism CA - o X

Simulation Result Accuracy Evaluation Basic Params. Output

Treration MAPE RMSE Iteration Rounds. 10 <

Density Data

L ]

Density Data (Reference)

L ]

Density State Data (1: non-urban, 2: urban)

L ]

Pg File Path

Change Curve of Density Change Curve of the Accuracy Indices ]

1,000 1,000

Constrain File Path

L 1=
GED 800 Neighborhood Size
] 1 P T
600 Cell Radius (km)
City Bouder Path

I |

Use Default Symbolization Plan

P

I

600

Accuracy Evaluation

Set Symbolic Scheme

Output File Path of Simulation Result

L ]

Export Parameter File (xml)

s e s s e
0= S 0 200 400 600 800 1,000
0 200 400 600 800  1.000 Iteration Run

First, we need to set the number of iteration rounds of this simulation through the

input box of iteration rounds, which represents the number of'iterations of this

) ) Iteration Rounds 10 =
simulation -

Then, click the right button of "Density Data", "Density Data (Reference)",
"Density State Data", "Pg File Path" and "Constrain File Path" successively.

In the pop-up dialog box for folder selection, select the path for storing
the real density data before the change, the path for storing thereal land data after the
change, the path for storing the initial density data before the city change, the path for
storing the Pg file and the path for storing the restricted development file in turn. The

following is shown:
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Density Data

Density Data (Reference)

Density State Data (1: non-urban, 2: urban)

Pg File Path

Constram File Path

The "Constrain File Path" function restricts the development of a specific area,

and the path can be empty. [fnecessary, it should be noted that the data format must
be: only GByte raster data of 0 and 1 is contained in the same projection range. 0
indicates no development land, 1 indicates development land.
Then we need to choose the relevant parameters needed for the model
simulation. Set the Neighborhood Size to the right of "Neighborhood Size";
Neghborhood Size 3 " Set the Density Demand on the right of "density demand".
In the simulation experiment, the model will automatically calculate the total
demand according to the density data put in, and the relevant value should be
manually modified if the experiment is to predict the future year.
DensityDemand 100000 = Get the Cell Radius on the right side of "Cell Radius".
& The user clicks the button to the right of "City Bourder
Path" and selects the vector boundary data of the experimental research area in the

pop-up dialog box (it is better to have the data divided by the boundaries of districts

and counties). It is shown below:
City Bourder Path

An example of boundary data is as follows:
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Q

After the above parameters are set, if you need to customize the display symbols

of different plots, you can click the "Use Default Symbolization Plan" check box to
B Us: Defanlt Symbolization Plan
Set Symbolic Scheme

use the custom symbolization plan. Click the "Set

Symbolic Scheme" button to enter the following interface to set the plot symbol and
Set Symbolic Scheme

partition display:
Density Scheme
Properties of Density (Double click to change)
Density Code Value
1 00636993 > 0.06369935

2 237121 >237121
3 474241 > 474241

4 711361 >71136.1

5 948481 >94348.1

Number of Categories

]

OK Cancel

Click the color of each category, you can jump to the interface as shown in the
following picture to modify the color of the category according to user needs, click

the value of each category, you can switch the value of each color segment point, and
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need to add or delete categories can be completed through the bottom category setting

Al

box:

| Select the color of this label

Basic colors

L T
I ]
HEN
I ]
I ()
I I

Fick Zereen Color

Yue: 200 [2]  Red: 0 2
Custon colors Sat: 265 [2] Green: 170 [2
oo/ val: 265 [2]  Blue: 285 [2
e Alpha chenmel: 255 2
Add to Custon Colors HIML:  #00saff
Cancsl

Also very important point, this model supports the display of partition data,
through the "partition statistical analysis" module, including the selection of partition

plane data, partition annotation fields and color Settings, the method is similar to the

above.
| Density Scheme ] x
Color Scheme  Spatial Heterogensity Analysis
8 Spatial Heterogeneity Analysis
Pattition File Path
D:Esperiment/CoC A/dwq-data/data SpatialData/GBA_bourder_city.shp
Label Field
OBIECTID ~
Properties of Partition File (Double elick to changs)
Index Name Color
22 202
56 209
I |
oK Caneel

Click the "OK" button, you can complete the setting of custom symbolization.
. To facilitate subsequent research, click the button in the "Output File
Path of Simulation Result" function, and select the saving path of simulation results in

the pop-up dialog box

Output File Path of Simulation Result
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Click the button "Export Parameter File", you can save and export all parameter
Settings ofthe current interface in XML file format Export Parameter File (xml)
Finally, click the button "Run" in the simulation interface to simulate the

continuous change of urban elements automatically, as shown in the following

picture: Rua
1| Continuity-based Mechanism CA - o X
Simulation Result Aceuracy Evaluation Basic Params Output
Iteration MAPE RMSE ~|  HerationRownds |10 s |Neighborte. X
: 2024-10-23 14:4947 >>
1 73,0103 0.793537 Density Data. 2024-10-23-1449:47 5>
calculate change probability
2 73.0103 0.793537
> bn_feature/slop_before.tif| start
2024-10-23 14:49:47 >
3 73.0103 0.793537 . 2024-10-23-14:49:47 >>
Density Data (Reference) calculate change probability
4 73.3768 0.784283 completed..

g

lban_feature/slop_after i § 2024-10-23 14:49:47 >>
5 73.3768 0.784283 2024-10-23-14:49:47 >>
change probability file has
been saved to "E/CoVCA/
testDatas/Landnse_tifires/

7 733768 0.784283 init_808_862_2014.if| = OPiif"

2024-10-23 14:49:47 >>

it - 2.
s 33768 . Density State Data (1: non-urban, 2: urban)

'g File Path

8 74.3604 0.789499 | P 2024-10-23-14:49:47 >> urban
development calculate start
- 3 " . . 2024-10-23 14:4947 >>
Change Curve of Density Change Curve of the Accuracy Indices ftestDatas'res’Pg_1_L if] - 2024-10-23-1449:47 5> wban
130 4 i 80 development calculate
= BEE ~MAPE  Constrain File Path

completed

\ o = RMSE 2024-10-23 14:49:47 5>
go 2024-10-23-14:49:47 >

update the distance from all

i dsize [3 ‘points to the urban center.

. 2024-10-23 14:49:47 >>
Dy B 2024-10-23-14:49:47 >> uban
development density caleulate
start
EPEr D 2024-10-23 14:49:47 5>
~ 2024-10-23-14:49:47 >> urban

development density caleulate
30 Use Default Symbolization Plan completed.

I

O

I It
S b
I 1
———
.
u o
3 3
o 2

1
Il i
g
] N
I

R
Accuracy Evaluation
N
5

1154
T 2024-10-23 14:49:47 5>
20 Set Symbolic Scheme 2024-10-23-1449:47 >>
- MAPE = 0743604, MAE =
0] Outpt Fie Path of Simuiation Result 0.700758, MSE = 0.623305,
10 RMSE = 0.789499
estDatas/Landuse_tifires - 2024-10-23 14:49:47 3>
04 24-10-23-14:49:47 5> urban
R R Export Parameter File (xml) density fle has been saved to
T8 e - - : = 0 2 4 6 H 10 "E/CoVCA/testDatas
(‘J 2‘ 4‘ é é 15 Iteration Run Landuse_tifires'10.tf" v

The urban element change chart module in the upper left corner can display each
area through scaling, and the line chart of density change below it corresponds to the

density change in the simulation process.

Simulation Result

Change Curve of Density

130 = Density
1254 / \
120 4

115

110

105 -
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The accuracy evaluation index module located in the middle of the system shows
the changes of each accuracy index in this simulation, and the accuracy evaluation
index change line chart below corresponds to the changes of each accuracy index in
this simulation (under the partition statistical setting, the calculation unit is each plane

partition rather than the grid).

Accuracy Evalation

Tteration MAPE RMSE Q)

1 73.0103 0.793537
2 73.0103 0.793537
3 73.0103 0.793537
4 73.3768 0.784283
5 73.3768 0.784283
6 73.3768 0.784283
7 73.3768 0.784283

8 743604 0.789499

Change Curve of the Accuracy Indices

80

= MAPE

= RMSE

Accuracy Evaluation
42
S

20

0 2 4 6 3 10
Iteration

In addition, we also provide a Log output interface for checking the relevant
output. The Log output interface of the urban element density change simulation

module is shown in the following figure:
Qutput

Neighbor.tif".. 2
2024-10-23 144947 ==
2024-10-23-14:49:47 ==
calculate change probability
start..

2024-10-23 14:49:47 »>
2024-10-23-14:49:47 >>
calculate change probability
completed..

2024-10-23 144947 »>
2024-10-23-14:4947 »>
change probabilitv file has
been saved to "E/CoVCA/
testDatas/Landuse tif'res/
OFf"..

5.4. Accuracy evaluation

Click on the menu bar "Density CA" and select "Precision Validation (Density)"

from the menu that pops up.
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WCA | DensityCA CoVCA AboutUs
8% Initation Density State of Urban Development
(® calculate Overall Development Probability (Density)

Continuity-based Mechanism CA
1l Density Accuracy Evaluate

We can also open the Precision evaluation function module by clicking

"Precision Validation (Density)" button h'-l in the toolbar, as shown in the following

figure:

B densityAccuracyEvaluateV2

Density Data

Evaluation Model

(@ Normal () Partitioned
Real Density Data

Administrative divisions data(vector type)

Accuracy

Path MSE RMSE MAE

Calculate

First, click the button to the right of "Real Density Data" and select the path of
storing real data in the dialog box of folderselection that pops up. - Itis

as follows:
Reeal Density Data

D:Experiment/CoCA/dwg-data'dataPoepulationDatas/popul 000t

Then, click the button on the right of "Accuracy" to import the land data to be

assessed for accuracy in the pop-up dialog box, as shown below:
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Accuracy
Path MSE RMSE MAE MAPE SMAPE
speriment/... | 5 73621544 2274.560 337.877 60.173 67.086
4036255.915 2226265 529.056 59.942 66.724
4036253.913 2226263 529.056 59942 66.724
4936253.913 2226263 529.056 59.942 66.724
40936253.915 2226265 529.036 59942 66.724
4036255.915 2226265 529.056 59.942 66.724
4036253.913 2226263 529.056 59942 66.724

Ifthe user needs to perform partition statistics, please select the "partition
statistics" mode, and select the partition data for calculation through the select file

dialog box.
Density Data
Evaluation Model
© Normal O Partitioned
Real Density Data
D:/Ezpenmment/CoCA/dwq-data'data PopulationDatas/ popu2010.tf

Administrative divisions data(vector type)

When finished, click the "Run" button to start the precision evaluation function

Run
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6. Simulate the vector land-population-economy
collaborative development module based on the CoVCA
model

6.1. Urban single element (real vector land) simulation

This function is mainly used for the simulation of urban vector plots. This
module integrates the three functions of UrbanVCA: land matching, calculating the
overall development probability, and starting the cellular automata for simulation, so
that it can directly complete all the basic simulation operations of UrbanVCA in this
module.

Click on the menu bar "CoVCA" and select "Step-wise Synergetic Simulation

VCA" from the menu that pops up.

CoVCA
File View DataProcessing UrbanVCA DensityCA CoVCA AboutUs

02 [F @ | BB Step-wise Synergetic Simulation VCA
- 53 Step-wise Synergetic Simulation VCA (Multi-factor)

. I
We can also open the Simulation module of urban single elements (real vector
plots) by clicking the button of "Step-wise Synergetic Simulation VCA" in the

at
toolbar, as shown in the picture below: 95
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1 | stepWiseSynergeticSimulationVCA - O s
Simulation Result hceuracy Evaluation Basic Parans
Iteration FoM PA UA  Internal Iterations 10 =
Land-use Data

Field name of land usze type

Land-use Data {(Reference}

]

Field name of land use type

Pg Excavation Paras

VC4 Model Paras
Output File Path of Sinulation Result
< > Run
Change Curve of Various Land Parcels Change Curve of the Accuracy Indices i Tk
1,000 1
300 ~0.8
58
006
600 g+
5a0.4
400 gs”
o2
200
O T T T T T T T T T
D e 0 200 400 600 800 1,000
0 200 400 500 800 1,000 Tteration

First, you need to set the number of iterations through the internal iteration

. Internal Iterations 10 S
number input box —=

Then, click the buttons on the right of "land-use Data" and "land-use Data
(Reference)" respectively. In the pop-up dialog box for folder selection, select the path
for storing real Land use Data before the change and the path for storing real Land use

Data after the change. . The following is shown:
Land-use Data

Field name of land use type

Land-use Data (Reference)

Field name of land use type

Also, select the plot field in this vector plot data (note the use of English).
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Land-use Data

|cationBaseDatalf2014.shp|

Field name of land use type

TypelD e

ORIG_FID

AREL 1

GYRATE

FARL

FRAC

CIECLE

HC&

CAT

ECON N

Next, we need to set the parameters of the global development probability model

by clicking the "Pg Excavation Paras" button, - and the parameter setting
Fg Excavation Paras

robability calculation module will automatically popup, as shown below:

sub-interface of'the global development

| setPgModelParas - m] X

Land use data to be matched Pgs Compute

Lo e ehiia lsiors diege Spatial auxiliary variables (. tif)

[E:/CarbonVCa/Classi ficationBaseDatal /201 4. shp

Images Path
Field nane of land use type

TypelD

Land use data after change

ssificationBaseDatal/2014 Reclassification. shp L Setting paraneters

Pl mere of lond wee wEe Mining method of overall probability of development (Pg)

Random Forest

- -
. — Muaber of hidden layers:
Cutput the data after matching Q0B ratio: =
Bamber of wess: [0 Bl o o n e feld cooss validation:
Qutput / Input Pg text data (. csv)
Output Pg data (. shp)
0K
Info 8 x

In the Pg parameter setting sub-interface, "Land use data before change", "Field
name of land use type", "Land use data after change", and "Field name ofland use
type (after) is automatically set based on the parameters on the previous interface and

cannot be modified externally. The following information is displayed:
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Land use data to be matched

Land use data before change

|E:fCarbonHCAfClassificationBaseDatalf2014.shp

Field name of land use type
TypelD

Land use data after change

ssificationBaseDatal/2014 Reclassification. shp

Field name of land use type
TypelD

Then, in the Output the data after matching module, click the button to select the

output plot matching
Output the data after matching

In the Pgs Compute module on the right, it is the calculation parameter setting of

the overall development probability.

Pzz Compute

Spatial auxiliary wariables €. tif)

Images Path

Setting parameters

Nining methed of overall probability of development (Pg)

Random Forest

L3

3 = Hunb f hidd 1 s (20
00E ratio: 0. 30 5] Mumber of hidden layers |

Humber of restarts: |10

4»

-

Number of trees: |90 v|

Humber of folds in k-fold cross—validatioen: |10 S
Output / Input Pg text data (. cev)

| |
Cutput Pg data (. shp)

[0]:4
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First, you need to add the spatial auxiliary variable (.tif), click the button to add

all the auxiliary variable data to the model at one time

B | Select Spatial Auxiliary Variables ped

« v 1T <« A0 (E) > UrbanVCA APP v2.1 > Z=EI@ENESEtif v D

B - e
FEI e ~
= A360 Drive
= =
= BA . "

=l o canyin.tif chaoshi.tif dem.tif dis_highway.tif dis_railway.tif

¥ =

b ER

W SE »

~- Data (D) dis_road.tif gongchang.tif gongjiao.tif gongyuan.tif osm.tif
~ FIONE (E)

IAFE(N): | "canyin.tif* "chaoshi.tif" "dem.tif" "dis_highway.tif" "di V| Images (*.tif) ~

When this is done, the software can automatically recognize these spatial

auxiliary variables.
Fzs Compute

Spatial auxiliary variables (. tif}

Images Path

E:/UrbanVCA_APP_v2.1/7 [B#EENTFE tif /canyin. tif
E:/UrbanVCA_APP_v2.1/7 [ElfHBNIFE tif/chaoshi. tif
E:/UrbanVCA_APP_v2.1/7 BB &Etif/dem. tif
E:/UrbanVCA_APP_v2.1/7 EHENTEEtif/dis_highway.tif

E:/UrbanVCA_APP_v2.1/F BB Etif/dis_railway.tif

CoillbabawlCA ADD .3 4 (TR EIGHEBhAR S0 ra2 A aar

Then, the algorithm, algorithm parameters, and the output ofthe csv file are set

(see 4.1.2).
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Setting parameters

Nining method of owverall probability of dewvelopment (Pg)

Randon Forest ~
. = Hunb f hidd 1 ;|20 =

00B ratio: l0. 30 3] e of Tadden tavers |
Humber of restarts: |10 =
Number of trees: |90 = =

“ Wunber of felds in k-feld cross—validation: |10 =

Output / Input Pg text data (. csv)

Finally, click to select the Pg file location for output.
Output Pg data (. shp)

Click "OK"

CE

"And select the location of the output".xml "model parameter file to complete the final

Pg calculation setup.

# | Select Project Save Path X
. v 4 HEmER > TS (E) > CoVCA > v 0| | Ecovcaigs P
ER - e = . @

= N B EpMER eS| dh A
¥ T Vs 2023/12/17 14:29 gl
b ER alglib-3.16.0.cpp.gpl 2024/1/24 18:33 TR
] CoVCA 2024/10/7 17:06 Srifse
% Windows-55D | eigen-3.3.7 2024/1/24 18:34 =
- Data (D) gdal2.0.2 2024/1/24 18:34 gl
o FE (E) lcons 2024/10/7 13:48 g =2
libxml2 2024/6/13 20:30 gl

@ Wz logdcpp-1.1.4 2024/6/13 20:30 itk y

L 4 >
STFE(N): v
{REZERNT): xml{*.xml) ~
~ IBRTHEE i
B | information >

o Pg model paras set successfully!

Yes No

Pz Excavation Paras

In the status bar below, you can view the status and operation of the current run.
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Infe LI

Next, we need to set the parameters of the VCA Model, (note that it is necessary

to complete the setting of Pg before setting VCA) Click the button in "VCA Model
VC4 Model Paras

the sub-interface of setting parameters of the VCA model, as shown below:

Params", the system will automatically popup

B | setVCAModelParas - O X

FParameter settings

Data after calculating Pg (. shp)

|E:/UrbanVCA/UrbanVCA/data/Pg.shp

Neighborhood radius: |600.00 S

Ll

Iteration times: 10

Restricted development data (. shp) (Opticnal)

Land use development needs (area) Conwversation rules

@® Default O Portion O Total

Type 0 Type 1 Type 2 Type 3 Type 4 Total *
Type O 0.000 41964.912 131693.070 292914.430 14981.458 481553.8
Type 1 8300.926 0.000 49.412 21149.687 3741.346 33241.37
Type 2 32173.765 12664.378 0.000 84625.247 0.000 129463.3
Type 3 0.000 79655.874 53325.435 0.000 50400.828 183382.1. »
< >

Info: The values in the table represent the area of land use change from column to row.

(0):4

2024-10-07-17:46:11 »> Set land use data after calculating Pg E:/UrbanvCa/UrbanVCi/data/Pz. shp.

The first is to load the Pg file, where the software has automatically read the Pg

file in the previous step (users do not need to add it themselves).
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Data after calculating Pg (. shp)

|E:/UrbanVCA/UrbanVCA/data/Pg. shp |

Subsequently, the user needs to set the field radius (see 4.2.2), and the number of

iterations has been set according to the first step.
Neighborhood radius: |600. [ly]

Ak

4k

Iteration times: 10
The user can set the vector data of the restricted development area below (none

can be left unadded).

Eestricted development data (. shp) (Optional)

And set the appropriate restrictions (see 4.2.2).

Land use develeopment needs (area) Conversation rules
@ Default () Portion (O Total

Type 0 Type 1 Type 2 Type 2 Type 4 Total *
Type 0 0.000 41964.912 131693.070 292914.430 14981.458 481553.8
Type 1 8300.926 0.000 49.412 21149.687 3741.346 33241.3%
Type 2 32173.765 12664.378 0.000 84625.247 0.000 129463.3!
Type 3 0.000 79655.874 53325.435 0.000 50400.828 183382.1.
< >

Info: The values in the table represent the area of land use change from column teo row.

Finally, click "OK" to complete the operation.

0K

After setting up the Pg and VCA models, select the folder directory where you

want to output the results.
Output File Path of Simulation Result

Click the "run" button to start running the module.

Run

After the program is finished, the system will display the last land use type chart,
the accuracy evaluation index of each round ofiteration, the line chart ofthe change
number of different types of land and the line chart of the change of each accuracy

evaluation index, as shown in the following figure:
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B stepWiseSynergeticSimulationVCA - O s
Simulation Result Accuracy Tvaluation Basic Parans
Iteration FoM PA ud  Internal Iterations 10 =
h 0.0194005 0.0195355 0.585286 LAnduse Data
i / fa/UrbanvCa/data/20t5. sho| | ...
2 0.0494374 0.0498385 0.677461 P S —
3 0.0539084 0.0546258 0.519104|  landuse v
4 0.0667348 0.0680524 0.4987 Land-use Data (Reference)
5 00653046 00867358 0dsoas|  [A/UrbawCA/date/2mis.shol | L.
Field nane of land use type
6 0.0769867 0.079265 0.504884
landuse v
7 0.0868625 0.0894331 0.505659

Pg Excavation Paras

VCh Model Paras

]
Output Fils Path of Sinulation Result
foanvce/Urbanvoa/datasRes] | ...

9 0.0751793 0.078396 0.378271

10 0.0746773 0.078396 0.343668

< S Fun |
Change Cirve of ¥arious Land Parcels Change Curve of the hcouracy Tndices Output Infs
25 -0 14 - Foll 2024-10-07-17:45:25 »>> Set land use
] data before change E:/UrbaniCh/
20 1 0.8 - Fh UrbanVCA/data/2015. shp.
= 571 2024-10-07-17:45:26 >> Set land use
-2 R N\ = U4 data after change E:/UrbanVCa/
15 [ gt . UrbanVCA/data/ 2018, shp.
-3 25 ] —~— = Keppa 2024-10-07-17:54:10 >> Start...
10 4 S =0¢ i 2024-10-07-17:54:12 5> Finish (1. 44
< = 7 second)
e 0.2
5 ]
/, - 0
0 T T T T T T 1
B e 0 2 4 6 8 10
0 2 4 6 8 10 Iteration

The land use type chart module in the upper left corner can display each area by
scaling and traversing, and the line chart of the change number of different types of
land plots below corresponds to the change situation of each type of land plots in this

simulation.

Simulation Result

Change Curve of Various Land Parcels

25 =0
20 e
-z
15 .
10 =4
p—
5 — //
~

0_ .........

I e e

0 2 4 (4] 8 10

The accuracy evaluation index module located in the middle of the system shows

the changes of each accuracy index in this simulation, and the accuracy evaluation
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index change line chart below corresponds to the changes of each accuracy index in

this simulation.

Accuracy Evaluation

_ fteration - FoM PA vA
1 ;0.0194005 0.0195355 0.585286
2 0.0494374 0.0498385 0.677461
3 0.0539084 0.0546258 0.519104
4 0.0667348 0.0680524 0.4987

5 0.0653046 0.0667358 0.450439
6 0.0769867 0.079265 0.504884
7 0.0868625 0.0894331 0.505659
8 0.078036 0.0813528 0.410914
9 0.0751793 0.07839%6 0.378271
10 0.0746773 0.078396 0.343668
< 2>

Change Curve of the Accuracy Indices

1 - Foll

= P4

=]
@

U4

=]
@

= Kappa

=
.

=04

Accuracy
Evaluation

=
[

[=]

T T T T T T T 1
4 6 [ 10
Iteration

<
(53

In addition, we also provide a Log output interface for checking the relevant

output, as shown in the following figure:
Output Info

2024-10-07-17:45:25 »> Set land use
data before change E:/UrbanWCi/
Urban¥Ca/data/2015. shp.
2024-10-07-17:45:26 »>> Set land use
data after change E:/UrbanVCa,
UrbanVCa/data/2018. shp.
2024-10-07-17:54:10 >> Start...
2024-10-07-17:54:12 »» Finish (1. 44
second)

6.2. Urban multi-factor collaborative change simulation

Click on the menu bar "CoVCA" and select "Step-wise Synergetic Simulation

VCA (Multi-factor)" from the menu that pops up.

xnsityCA  CoVCA  AboutUs
2 '_IL[ | 88 Step-wise Synergetic Simulation VCA L

£33 Step-wise Synergetic Simulation VCA (Multi-factor)
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We can also open the urban Multi-factor collaborative Simulation change module

by clicking the button of "Step-wise Synergetic Simulation VCA (Multi-factor)" in the

0\
toolbar, as shown in the picture below: b5

1| StepWiseSynergeticSimulationVCAofMultiFactor - O X
Result 1 Result 2  Result 3 hecuracy 1 Accuracy 2 Accuracy 3 Basic Params
ot o
T
Step-wise Nodel Paras
Type Pq Paras VCA Paras
add Delete
output File Path of Sinulation Result
Change Curve of the Accuracy Indices Change Curve of the ccuracy Indices (Density) i
1, 000 1, 000 —
o 800 o 800
= O - O
g5 600 @ C 600
Ho®m Hom
£ E
5= 400 o= 400
< > < >
M 200 200
0 ]
T T T
0 200 400 600 800 1,000 0 200 400 600 800 1,000
Iteration Iteration

First of all, the number ofiterations of each collaboration should be set through
the internal iteration input box; o Rounés 5 Set the number of

collaboration through the external collaboration number input box setting.

Internal Iterations 10 -
We can Add and Delete sub-VCA models by "add" and "delete". By double-
clicking sub-VCAmodel parameter table, model switching, VCA parameter setting,

Pg parameter setting and symbolic display can be achieved, as shown in the following

figure:

Step-wise Model Paras

Type Pqg Paras VCA Paras
1 UrbanVCA

2 DensityCA

3 éDensityCA

add Delete
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The second part is the parameter setting of each sub-VCA model, which is
similar to the previous content. Next, the specific design methods of UrbanVCA and
DensityCA will be introduced respectively.

UrbanVCA:

First, double-click the red NULL corresponding to UrbanVCA in the "Pg Paras"

column, and the following Pg setting interface will popup.

B setPgModelParas - O X

Land use data to be matched Pgs Compute

I 6Ee G liiene cirmnge Spatial auxiliary variables (. tif)

Images Path
Field name of land usze type

Land use data after change

Setting paraneters

Fiold nans of land ues typs Mining method of overall probability of development (Fg)

Random Ferest

I<

. = Nunber of hidden layers: |20
Output the data after matching O0E ratio: 0.30 =

Munber of restarts: 10
Tunber of trees: l‘lumber of folds in k-fold cross—validation: |10
Output / Input Pg text data (. csv)

Qutput Pz data (. shp)

I"

QK

Info g x

For the specific Settings of this part, see 4.1.2. Fill it in the order from left to

right and from top to bottom.
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1 setPgModelParas — [} X

Land use data to be matched Pgs Compute

Land use data before change Spatial auxiliary variables (. tif)

~
[E:/CovCA/CoVCA/datas test_2009. shp Images Path
E: /CoVCA/CoVCA/data/4/27_29_81_86_808_862_normalize_gongchang. tif
Field name of land use type
SEBITID - E: /CoVCA/CoVCA/data/4/27_29_81_86_808_862_normalize_gongjiac.tif
Land use data after change E:/CoVCA/CoVCA/data/4/27_29_81_86_808_862_normalize_gongyuan.tif
[E: /CoVCA CoVCA /datal test_2014 shp E: /CoVCA/CoVCA/dataf4/27_29 81 86 888 862 normalize osm.tif
Field nane of land use type
E: /CoVCA/CoVCA/data/4/27_29_B1_86_808_862_normalize_shangchang.tif
OBJECTID v
C 0y 0y . A2 q =Y 1s 1 a7
Output the data after matching .
Setting paraneters
Wining method of overall probahility of development (Fg)
Randon Forest v
0B zatio: om0 = lunber of hidden layers: [20 B
Wamber of trees: [0 Rl ot ol n etold crossvalidation:
‘E:/CoVCA/CoVCA/data/matching.shp Output / Tmput Pg text data (. csw)

[E:/CoVGA/CoVCA/data/4/Pe. csv |

Output Pg data (. shp)
[B: /CovCa/CoVCA/data/4/Pe. shp |

QK
Info -]
0Z4=10-05-18:01: et land use data betore change E:/CoWUA/CoVUA/datas/test_Z00Y. shp. ~
2024-10-09-18 39 >> Set land use data before change E:/CoVCA/CoVCA/data/test_2014. shp.
2024-10-09-18:01:43 >> Set land use data after matching E:/CoVCA/Co¥CA/data/matching. shp.
2024-10-09-18 55 >> Set Pz (Lcsv) text data E:/CoVCA/CoWCA/data/4/Pg. csv.
2024-10-09-18:01:58 >> Set Pg (.shp) data E:/Co¥CA/Co¥CA/data/4/Pg. shp. v

After clicking "OK", a window will popup to set the xml file, the user needs to
choose the location of the file to save, click the "Save" button in the lower right

corner.

] Select Project Save Path X

T <« 3FhNEE (E) > COVCA > CoVCA > data > 4 v O | EatEm: p

il
4

L FEitsE
& A360 Drive ~
& s
= BA
e
¥ = res
N =7:3
W =&
% Windows-SSD |

Wil

CAPG.xml

- Data (D3)
~ FNE (E) v

SEE(N): |Pg.xml

{REZERNT): xml{*.xml)

~ IR 0

Then you can find that the "Pg Paras" section has been setup, as shown in the

picture.
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Step-wise Model Paras

Type Pqg Paras VCA Paras

Add Delete

Double click the red "NULL" button under "VCA Paras" again, you can open the

interface of setting cellular automata in the UrbanVCA section. As shown in the

image.
8 | setVCAModelParas - O X
FParameter settings
Data after calculating Pg (. shp)
|E: /CoVCA/CoVCA/data/4/Pg. shp
Neighborhood radius: |600. a0} =
Iteration times: 10 S
Restricted development data (. shp) (Opticnal)
Land use development needs (area) Conversation rules
@ Default () Portion () Total
Type 0 Type 1 Type 2 Type 3 Total
Type 0 0.000 0.000 0.000 0.000 0.000
Type 1 16993.163 0.000 0.000 0.000 16993.163
Type 2 6514.901 0.000 0.000 0.000 6514.901
Type 3 0.000 2806.890 4934.887 0.000 774777
Info: The values in the table represent the area of land use change from column to row.
[0]:4
F x
2024-10-09-19:43:54 >> Set land use data after calculating Pg E:/CoVCA/CoVCA/data/4/Pg. shp.
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See 4.2.2 for the Settings of'this section. The Pg file and the number of iterations
have been set. The user only needs to set the radius of the domain and the restrictions

below, and click "OK" to complete the setting of this module.

Step—wise Model Paras

Type Pg Paras VCA Paras

add Delete

DensityCA:
Double click UrbanVCA under "Type" to switch to DensityCA

Step—wise Model Paras

Type Pg Paras VCA Paras

add Delete

As above, double click on the red "NULL" under "Pg Paras" to open the setting

screen for the overall development probability of density CA.
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| setCAPgModelParas - O X

Land Use Data

Driving Data (Select and press the delete key to delete)

Input Samples Path

Related Params

Mining method of overall development probability

random ferest bt
Sampling rule

@ Uniforn Sampling () Randen Sampling

Sampling Rate (1/1000) 300 :

RF-based Paras NN-based Paras

Decision Trees Number a0 -

[0)4 Cancel

The Settings of this part are detailed in 5.1 and 5.2, which will not be repeated
here. After the setting is complete, click "OK" and double click the red button under

"VCA paras" to open the setting section of cellular automata in Density CA.

" setDensityModelParas - [} X

Basic Params Attermation Factor

Iteration Rounds 10 =
Densty Data

Density Data (Reference)

Density State Data (1: non—urbam, 2: urbarn)

City Bourder File Path

Constrain File Path

Neighborhood Size E B
Density Demand [to0000. 00 B
Cell Radius ) [t B
Attenuation Faster [0. 005 B

OK Cancel

See 5.3 for the Settings of'this part, and do not go into details here.
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After all Settings are completed, the user needs to select the folder directory of
output results and click "..." Button, select the folder directory. Click the "Run" button

at the end, and it is ready to run.
Output File Path of Simulation Result

Run

(The data used here is only for simulation, users need to prepare their own data.)

The running result is shown as follows:

£33 StepWiseSynergeticSimulationVCAofMultiFactor - o x
Result 1 Result 2 hccuracy 1 Accuracy 2 Basic Parans
- ~]  Iteration rounds
Iteration FoM PA
Internal Iterations
11 0.0277014 0.0279625 0
Step-vise Nodel Paras
2 2 0.0702487 0.0709108 0
Type P Paras VCA Paras
3 3 0.100484 0.101431 0
1 UrbanVCA
4 4 0.128167 0.129375 0 .
2 DensityCA
5 5 0.17983 0.181524 0
6 6 0.210242 021741 0
707 0.200774 0213171 0
8 8 0.211547 0.229026 0 2] el
9 9 0.215994 0.233841 0.| Output File Path of Sinulatien Result
< > [E:/ColCA/tes tDatas /res
Change Curve of the Accuracy Indices Change Curve of the Accuracy Indices (Density) fHm
0.3 - Foll 1 76 =NAFE 2 Output
0.25 75.5 \ UZETI=0T=20755720 5> 2028 TI-0T=20735720 ~
- 8 0s ! r‘ r -~ 5 75 _] update the distance from all peints to the urban
B @ e center..
e ’ r J , J , o £745 2024-11-01-20:35:20 >> 2024-11-01-20:35:20 >>
5 20,15 o L | urban development density calculate start..
ok } [ , f , ' I I g Te U 2024-11-01-20:35:20 2> 2024-11-01-20:35:20 >
01 0w o .
- > < =735 urban developnent density calculate completed..
] = | 2024-11-01-20:85:20 >> 2024-11-01-20:85:20 >>
0.05 3 73 WAPE = 0.743964, NAE = 0.715196, NSE = 0. 63853,
@ K RNSE = 0. 799051.
R B e - 2024-11-01-20:35:20 >> 2024-11-01-20:85:20 >>
0 20 40 80 80 100 0 20 40 60 80 100 wrban density file has been saved to “E:/CoVCA/
Iteration Iteration testDatas/res/Iterationlo_Nodel2/10. tif”. . v

63




CoVCA v1.0.0 Instruction Manual

7. About Us

Click AboutUs on the menu bar, and choose AboutUs from the menu that is

displayed.

A CoVCA | AboutUs
:1 0~1 ‘ER\ AboutUs l h

We can also access information About the R&D team by clicking the "About Us"

button in the toolbar, as shown below: (Q?‘

" | AboutUs - O x
CoVCA: The "land-economy-population’ urban space collaborative simulation software based on vector cell automata -~
Version 1.0.0
Copyright by HPSCIL@CUG
Website: hitp://www.urbancomp.net v

Note: Please use all English parameters, including path, field name, etc.

CoVCA, based on geospatial data, integrates the collaborative simulation finction of land use, population and economic data, and uses the "hierarchical
progressive" strategy to carry out dynamic driver updates to achieve multi-factor spatial collaborative simulation.

CoVCA provides data preprocessing functions for raster resampling, vector dynamic plot segmentation, land use data matching, vector data to raster
tnage and raster image normalization.

CoVCA provides a simulation model of land use change, which can complete the calculation of the overall development probability, accurately infer and
evaluate the land use change.

CoVCA provides continuous change simulation functions of urban elements, including initial density state calculation of urban development, overall
density development probability calculation, continuous change simmulation and accuracy evaluation.

CoVCA combines density cellular automata and vector cellular automata. Users can not only use the city vector land to simulate the operation, but also
join the population and economy for multi-factor collzborative simulation, and obtain the corresponding precision.
CoVCA was developed by the following laboratories:

High Performance Spatial Computing Intelligence Lab,

School of Geography and Information Engineering,

China University of Geosciences, Wuhan, China

UrbanComp
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8. Copyright Notice

CoVCA v1.0.0: "Land-population-economy" urban space collaborative
simulation platform based on vector cellular automata model

CoVCA v1.0.0 was developed by the following laboratories:

UrbanComp: Location Intelligence and Urban Perception Research Group

Faculty of Geography and Information Engineering

China University of Geosciences (Wuhan)

Website: https://www.urbancomp.net/

Faculty Advisors:
Yao Yao, China University of Geosciences (Wuhan)

Chen Dongsheng, Technical University of Munich

User Interface Developer:

Zhu Hanlin, China University of Geosciences (Wuhan)

Liu Jiayao, China University of Geosciences (Wuhan)

Zeng Chenglong, China University of Geosciences (Wuhan)
Sun Zhenhui, East China Normal University

Li Linlong, Wuhan University

Cheng Tao, Tongji University

Algorithm Developer:

Yao Yao, China University of Geosciences (Wuhan)

Zhu Hanlin, China University of Geosciences (Wuhan)

Liu Jiayao, China University of Geosciences (Wuhan)

Zeng Chenglong, China University of Geosciences (Wuhan)
Sun Zhenhui, East China Normal University

Li Linlong, Wuhan University

Cheng Tao, Tongji University
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