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Micro-module 1: Street view images (SVI) and urban analytics

Understanding the qualities of the built environment is crucial for a wide range of disciplines,
including public health research, spatial social studies, real-estate and infrastructure development
and urban planning. Street View Imagery (SVI) has gained a strong momentum in urban studies in
the last few years, propelled by the proliferation of SVI data, advances in machine learning to
extract a variety of information, and the growing computing power to facilitate processing large
amounts of data.

This module will cover the whole process from street view data collecting, semantic segmentation
processing, geographical visualization using google street view images as an example.

1.

Street View Images and Application in Urban Analystics

- Street view images

Compared with tradition field observation methods and aerial data collected by remote
sensing, street view images have the following advantages:

(1) large coverage thanks to omnipresent map service providers; (2) relatively
homogeneous quality, sampling, and resolution; (3) free and efficient access to the data;
(4) reliable and rich metadata; and (5) capture of the urban scenery from a human
perspective.

(a) Aerial perspective. (b) Street-level point of view.
- Platforms for collecting street view images
Google Street View Google Street View (GSV) is arguably the most well-known and
widespread service providing SVI. Barring rare exceptions such as backpack-mounted
cameras to survey narrow roads, the panoramic imagery is acquired in a standardised
manner: from a car mounted with multiple cameras on its roof, accompanied with various
sensors including lidar.
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Mapillary and KartaVieware the remaining two services with a global focus. They both rely
on crowdsourced imagery and are owned and operated by commercial entities. Anyone
can contribute to Mapillary and KartaView.
Pros: volunteered, high temporal resolution; views from pavements, cycle tracks and
walkways;
Cons: not panoramic, not standard, quality of images (resolution of pixels).



Tencent Street View and Ba

Baidu Maps is a web mapping service provided by Baidu, which can be considered as the
counterpart of Google Maps for China. Since 2013 it offers a street view service — Baidu
Total View. While the coverage of satellite imagery and maps in Baidu Maps spans beyond
China, SVl is available only for China. Tencent Maps is a similar local service, provided by
Tencent, and since 2011 it has been offering SVI under Tencent Street View.

- Application of Street View Images in Urban Analytics

In general, street view images can be used in research about Spatial data infrastructure,
Greenery, Health and well-being, Urban morphology, Transportation and mobility,
Walkability, Real estate, and Urban perception.
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2. Computer Vision Techniques

HOW A DEEP NEURAL NETWORK SEES

<ZNVIDIA.

Computer vision analyzes images, and then creates numerical representations of
what it ‘sees’ using a convolutional neural network (CNN). A CNN is a class of artificial
neural network that uses convolutional layers to filter inputs for useful information. The
convolution operation involves combining input data (feature map) with a convolution
kernel (filter) to form a transformed feature map.

Test image

i

Ground truth

FCN-8s

In this work, we present a densely annotated dataset ADE20K, which spans diverse
annotations of scenes, objects, parts of objects, and in some cases even parts of parts.
This dataset has both outdoor and indoor scenes, and it is typically used by CV
communities as training and validation set to check their proposed DL models.
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(a) Input Image (b) Feature Map (¢) Pyramid Pooling Module (d) Final Prediction

Figure 3. Overview of our proposed PSPNet. Given an input image (a), we first use CNN to get the feature map of the last convolutional
layer (b), then a pyramid parsing module is applied to harvest different sub-region rep ions, followed by upsampling and cc -
tion layers to form the final feature representation, which carries both local and global context information in (c). Finally, the representation
is fed into a convolution layer to get the final per-pixel prediction (d).

PSPNet, the Pyramid Scene Parsing Network makes great contribution to the
improvement of CV. It adds a unique Pyramidal Pooling Module to the algorithm, and was
able to improve the prediction accuracy compared to previous Fully Connected
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Convolutional Models. And it is relatively fast, and considers the context of each pixels for
better semantic segmentation. As you could see in this image above to the right, it is able
to differentiate the pillows from the quilts, although it has a similar texture and color.
Therefore, this algorithm has been used in many emerging studies.

3. Data Preprocessing

download OSM data

You can download Oosm data via
https://www.openstreetmap.org/#map=15/22.3311/114.1585&layers=T.
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Export 2

1141409 12513

23528

Licence
Opantreattiap data a fcansed under e
Open Dot Commans Open Databere L

import OSM data

open QuickOSM plugin, choose import from file, choose the path of your osm file,
select all features and click OK.

For this case, we only use the polyline layers. You can remove other layers.

G QuickOsk ®

OSMICHF

v
v R
R

Clean the road network

Use filter (right click the layer to active the menu), and you can copy paster the
following syntax:

"highway" = 'primary' OR "highway" = 'residential' OR "highway" = 'secondary' OR
"highway" = 'tertiary' OR "highway" = 'tertiary_link' OR "highway" = 'trunk' OR
"highway" = "trunk_link' OR "highway" = 'unclassified'


https://www.openstreetmap.org/#map=15/22.3311/114.1585&layers=T
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Create Sampling Points

We need to make sure the unit of the layers is meter (not degree, instead). Here we

save a duplicated layer and set the
H e e

Ll o B AN

Format ESRI Shapefile v
File name
Layer name
CRS EPSG:4326 — WGS 84 v || &

Encoding UTF-8

v Select fields to export and their export options

| (Q Coordinate Reference System Selector

X

Select the coordinate reference system for the vector file. The data points
will be transformed from the layer coordinate reference system.

Filter| Q 3395
Recently Used Coordinate Reference Systems

Coordinate Reference System

4
Predefined Coordinate Reference Systems

Coordinate Reference System

Authority ID

»
Hide deprecated CRSs
Authority ID =

WGS 84 / World Mercator
v Transverse Mercator
NAD_1983_CORS96_StatePlane_Mis..
4

WGS 84 / World Mercator

WKT
PROJCRS ["unknown",
BASEGEOGCRS [ "unknown"

DATUM["World Geod

etic System 1984", i

. ESRI:103395

EPSG:3395

OK

Cancel | Help

]

Name Type =
Vv osm_id String
Vv name String
v highwav  Strina ¥
< to v »
E
vV Add saved file to map OK Cancel | Help
Vi ) & ! L\ 5 §
Then we

usually use 50, 100, 200 meters as the interval.

Processing Toolbox BE
e 0 N

Q pointsg| a
= (1) DPa Athyused A

*’* Points along geometry

~ L Cartography
4% Align points to features
() Raster analysis
4% Sample raster values
() Vector analysis
€9 Count points in polygon
4% DBSCAN clustering
{é’? Distance to nearest hub (points)
4% Join by lines (hub lines)
4% K-means clustering
(2 Vector creation
4% Create points layer from table
4% Generate points (pixel centroids) ...
4% Generate points (pixel centroids) ...
4% Points to path
4% Random points along line
Random points in extent

4

4

use the function ‘Points along geometry’. You can set your own interval. We
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L Foints along geometry X
4
Parameters | Log Points
Input layer along
TR R geometry
Selected features only This algorithm
Distance creates a points
_ - = ] r, with points
50. als —
50. 000000 <unknown> @- ributed along
Start offset the lines of an
= vector
0. 000000 <unknown> €], i
End offset 1ce IJU'..\—.’}‘):}
0. 000000 2 <unknown> €€, along the line) ‘13
Interpolated points defined as a

parameter.
emporary layer .
: ] . Start and end
v Open output file after running algorithm ;

et distances

can he de

the firs
point will not
fall exactly on b
0% Cancel
Run as Batch Process::- Run Close @ Help

- Relocated the point layer
We may need to save the point layer, and relocated it with the CRS 4326.

() Save Vector Layer as... X
Format ESRI Shapefile ~
File name points a|| -
Layer name
CRS EPSG:4326 — WGS 84 v ||

JavE ULy STIECLEU [Eatulcs =

v Select fields to export and their export opt
MName Type
change:lanes string
barrier string
v distance double
v angle double
Select All Deselect All
.- : =

v Add saved file to map 0K | Cancel | Help

- Add coordinate information and ID for each point
As this layer is used to search the google street view images at each location. But for
now, we can check the attribute table, no information of the specific longitude and
latitude are included.
We can active the toggle editing, select ‘add filed’. Do the same for x and y columns.
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Update All

@ point 1 t
ﬁ % B & ad e
abe fyull_id « |=| € | |
full id osm_id distance angle
1 w23993534 23993534 0 308.78297014...
2 w24209281 24209281 0 69.718399937...
3 w24209292 24209292 Gt Add Fleld X
4 w24285413 24285413 Name X
5 |w24285419 24285419 L Comment
- T T:-'pel Decimal number (real) s
Provider type double
7 w24285432 24285432 | [eneth 20 al:
3 |w24285443 24285443 | Precision 100 al:
9 w24285460 24285460 OK Cancel
10 w24285466 24285466 0 14.574857773...
11 w24715695 24715695 0 13.191568993. .
12 w24715890 24715890 0 253.85544325...
13  w28807988 28807988 0 180.79414806...
14 w28807991 28807991 0 233.91666461...
15 w28807994 28807994 0 63.221637151...
16 w32558918 32558918 0 73.777736370...
= -

b

Update Selected
=t

=

Then open the field calculator, we use ‘Sx’ and ‘Sy’ function, and you need to select

" . . ’
update existing field’.
Qp tal: 3194, Filtered: 3194, §
/28 = B € LYESLD B
we full_id = = € * | Update All | Update Selected
full id osm_id distance angle x =
1 w23993534 23993534 0 308.78297014... NULL
2 w24209281 24200 () points — Field Calculator X
3 w24209292 2420 Only update 0 selected features
4 w24285413 2428 Create a new field v Update existing field
5 w24285419 2428 Create virtual field
Output field name .
6 w24285425 2428 Output field B 2y
7 we4285432 2428 Qutput field length 10
8 w24285443 24283 pypression  Function Editor
24285460 2428 :
& 08 EXER che** | |Show Help
10 w24285466  24284[ 5. row_number -
11 w24715695 2471 v Aggregates
v Arrays
12 w24715890 2471 + Color
+ Conditionals
13 w28807988 2880, + Conwersions
+ Date and Time
14 w28807991 2880 - + Fields and Values
il d VA ([} [An + Files and Paths
15 28807994 2880 F Matchi
" Feature w23993534  ~ || [B| | G a0
16 |w32558918 32558  proyiew: 1142115879 » Geometry v
T Show All Features |
OK Cancel = Help
—

Using the same function, create a new column named ‘ID’, and this time, we use

‘@row_number’ function in field calculator.
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() points — Field Calculator

Only update 0 selected features

Create a new field

Create virtu

Expression = Function Editor

[= Lt Q Search::* | Show

v Update existing field

umbe: |

=] [J

row_number

AQQregares
Arrays

Color
Conditionals
Conversions
Date and Time
Fields and Values
Files and Paths
Fuzzy Matching
General
Geometry

=it - ;" # | () \n
Feature w23993534 - B

Preview: 1

v v T T w wwww v

Stores the number of
the current row.

OK Cancel | Help

4. GSV Data Collecting

Loading the code into Google Colab Notebook

Here, we use Google Colab to open our shared code, the platform is relatively simple
and convenient to set up the environment for Python code.

e & b.google
2 @ clab.goog

colsbigocgle

M Atias Maps | COM

News and Guidance

hetpx//colab reseaschgoogle com

" ® G 0 ¢ @ B o

= @ FLPMachine—o Pixe! N ot > f Q
L 4

(<]

[}

Browse Notebooks

Then, in order to request SVI from the Google Street View API, you need to register a
Google API Key (which can be found in the Google Cloud).
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= Google Cloud Bty First Project w Q Search

API APIs and services < Edit AP key (7 REGENERATE KEY B o=

Additional information

Maps AP Key

o ,ﬂ L]
Ke?rQSNiCIions Wi by i yons APERCENION Dy padHING X vl yrAP]_i "
A wrk Crestion date e
Set an application restriction
APl restrictions
API Key
And we should also be aware of the monthly free quota given to the Google Account
to avoid overuse by accident that could incur additional charge to your credit card
account.
Pricing for the Street View Static API
SKU: Static Street View
Street View panoramas and map loads are now charged separately. A static Street View panorama is charged for each
request to the Street View Static AP to embed a static (non-interactive) Street View panorama. Usage of the Street View
Image Metadata endpoint is not charged.
MONTHLY VOLUME RANGE
(Price per PANORAMA)
0-100,000 100,001-500,000 500,000+
0.007 USD per each 0.0056 USD per each Contact Sales & for volume pricing
(7.00 USD per 1000) (5.60 USD per 1000)
- Configuring the basic setup and specifying parameters
Here, we need to upload the csv file to the left panel area, and also create a folder
‘ST_GSV_Image’ to receive the requested street views.
Furthermore, add your API key to this line of code below.
Then run the cell.
0_Google_API_StreetView_Shatin_TDLEG: - e
O N 5 s s s Wit aike 0 @) @
- J 7 5| ia (<]
= Files =R urllib.request =
«a BzB e e s W -
time +
), gy 5T_08vimage o

port re
» mm sample_data

B ST_points_1000.csv

PSR

o

~ Configuration

heading= '@

source= ‘outdoor

Here, we need to upload the csv file to the left panel area, and also create a folder
‘ST_GSV_Image’ to receive these images.

When requesting images, there are a few parameters that you could specify, for
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instance, the heading indicates the compass heading of the camera. Accepted values
are from 0 to 360 (both values indicating North, with 90 indicating East, and 180
South).
Size: this indicates the exact image size you want to download, for instance, 600 pixels
by 400 pixels
fov: (default is 90) determines the horizontal field of view of the image expressed in
degrees, with a maximum allowed value of 120.
pitch: (default is 0) specifies the up or down angle of the camera relative to the Street
View vehicle.
Source: it is either default or outdoor, if it is outdoor, it will search the scenes that
were taken outdoors.

~ Configuration

Then we present the csv data to confirm the data frame it is loading.

length = 1000 # Size of yo

# First upload

csv_dir = 'ST_points_1000.csv’

image_dir
key =
# YOUR_STGN/

size = ‘gooxa20’
pitche ‘0
fov = "90"
heading= '@
sources ‘ocutdoce!
I}

def download(url, save_dir,ID):

conn = urllib.request.urlopen(url
except Exception as e:

f wrong’,str(ID),e)

eturn @
f = open(save_dir, "wb’
f.write(conn.read
f.close()

image save', str(ID))

return ©

» Read SVI sampling points

% understand SVI sampling
data = pd.read_csv(csv_dir

data_of_your_area = data

data_not_downloaded = data_of_your_area[~ data_of_your_area.ID.isin(filepath_downloaded)]
data2 = data_not_downloaded.reset_index(drop=True)

# now it is time to print s snapshot of the csv file to understand how it looks and all the column names

data.head(length)

ID tum surface oneway maxspeed angle latitude longitude highuay  Name HH

0 1 NaN asphalt yes 700 174686492 22373663 114214026 motorway Sha Tn\n n
1 2  NeN asphalt yes 700 209859314 22357963 114173269 motorway Sha Tin\n
2 3 NeN  asphalt  yes 800 249077703 22348256 114153362 motoway ShaTimn
3 4 NN NaN NaN NaN 157.932289 22375369 114180683 cycleway ShaTin\n
4 5 NaN NaN NaN NaN 37913937 22428734 114208534 cycleway ShaTin\n
995 996 NaN asphalt yes NaN  41.302881 22398489 114192823 teruary  Sha Tm\n
996 997 MNaN NaN NN NaN 300284687 22430405 114245649 residential ShaTin\n
997 998 NaN NaN  yes 800 56776360 22378425 114204267 motoway ShaTimn
998 999 NaN asphalt yes NaN 280058160 22399924 114198714 ternary  Sha Tm\n
999 1000 NeN NaN yes 800 227.347201 22405429 114220528 motorway Sha Tinwn

WEIEEEE 10 columns

ving parameters

We also need to make sure the names called in these following cells could perfectly
match the respective column names (e.g., latitude) read from the csv file. After
making them consistent, we could successfully run these cells.

10
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g ° print(‘totsl image you need to download:',len(data_of _your_area))
ave downloaded filepath_downloaded))
t( ‘have not downloaded:',len(data2))
total image you need to download: 1000
have downloaded: ©
have not downloaded: 1000
~ Appending Data to request url
© run_list =)
for 1 in range(len(data2)):
D = da(az.l:T [i, 'ID0'] @# Sampling point number
latitude = data2.loc[i, 'latitude’] le.
longitude = data2.loc[i, ‘longitude'] ile
heading = data2.loc[i, "angle'] # Road/ A to manually change the angle number in the excel if you want to use other angle(90,2:
image_save dir = image dir + '//'+ ste(ID) + '.ipg
url = “https://meps.googleapis.com/maps/api/streetview?size="+ size + '&location=" + str(latitude) + '," + str(longitude) + ‘&key='+ key +
# url = "https://maps.googleapis.com/maps/api/streetview?size=" + size + "Rlocation=" ¢ str(latitude) + "," + str(longitude) + "Rheading=" + 51

run_list.append((url,image_save dir,ID))

If everything is correctly specified, then we could start downloading the images into
the image folder. Patiently wait until all the images are downloaded.

~ Downloading Images

for k in range(l run_list)):

s £

or k in range(8,18

url_run = run_lift[k][@]

save_dir_run = run_list[k][1]

id_run = run_list[k][2]

download (url_run,save_dir_run, id_run

image
image
imsge
image
image '
image save 14
image save 15
image save 16
image save 17
image cave 18

- Saving and downloading the collected Street View Images

Here, we need to run the last cell in this Python notebook to mount your own Google
Drive to the left side, the reason is that when you have many downloaded images
saved to the temporary storage folder shown to the left panel, it is not possible to
download the entire folder, you could only save each image one by one.

Therefore, after mounting your own Drive, you could drag the image folder to the
Drive folder, and you could go back to your own Google Drive to download these
images there.

[12] #this line of code has so , nee be d
BB eligres
+ ] total image you need to download: 1000
» @ ST_GSVimage have downloaded: 107
- m drive have not downloaded: 1000
iy, B MyDrive H
> "J sample_data Mount to google drive and manually move into that main folder, and then download the entire image folder from google drive. remember to
B ST_points_1000.csv refresh
ags
© from google.colab imp
drive.mount nt

Mounted at /content/drive

Please also manually check how many photos have been downloaded to avoid duplicates

5. Semantic Segmentation Using ADE20K and PSPNet

11
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Loading the ADE20K dataset
Here, we need to read the labels from the pre-determined and widely used ADE20K
dataset

File Edit View Insert Runtime Tools Help ast saved at 9.27PM

+ Code + Text

by
~ PspNet Semantic Segmentation
x)
General Workflow:
e 1. Load Google street view images
5 2. Segment the images

3. Save results to .csv

~ Defining the Color Pallete for different street features

Use the ADE20K pretrained dataset

# Defining Colour Pallete
from collections import mamedtuple
import scipy.io
Label = namedtuple('Label’, ['name’,'id’',"color’']) # Colour is in RGE format
labels_ade = [Label('wall’, @, (120, 120, 129)),
Label('building’, 1, (180, 120, 129)),
Label( 'sky"', 230, 230)),
Label('floor', 3, (8@, S0, 50)),
Label(‘tree', 4, (4, 200, 3)),
Label('ceiling’, S, (120, 120, 80)),
Label('road’, 6, (140, 140, 142)),
Label{'bed’, 7, (208, 5, 255)),
Label( 'windowpane', 8, (239, 230, 230)),
Label('gr » 9, (8, 250, 7)),
Label('cabinet’, 10, (224, S5, 255)),
Label('sidewalk', 11, (235, 255, 7)),
Label('person’, 12, (150, 5, 61)
Label(earth®, 13, (120, 120,
Label( ‘door’', 14, , 255, 51)),
Label('table’, 15, (255, 6, 82)),
y Label('mountain’, 16, (143, 255, 140)),

- Install packages and load image data
Here, we need to pip install related libraries and CV modules

~ 2. Generate the downloaded jpg list

© # pip intall library
tpip install mxnet]

Y Requirement already satisfied:
Requirement already satis
Requirement already satisfi
Requirement already sati
Requirement already

mxnet in /usr/local/lib/python3.10/dist-packages (1.9.1)
umpy<2.0.0,51.16.0 in /usr/local/1ib/python3.10/dist-packsges (from mxnet) (1.23.5)

equests<3,>=2.20.0 in /usr/local/lib/python3.10/dist-packages (from mxnet) (2.31.9)

raphviz<@.9.8,>=0.8.1 in /usr/local/lib/python3.10/dist-packages (from mxnet) (0.8.4)
harset-normalizer<s,>=2 in /use/local/1ib/python3.10/dist-packages (from requests<d,>=2.20.0->mnet) (3.3.0)
Requiresent already dna<a, >=2.5 in /usr/local/1ib/python3.10/dist-packages (from requests<3,>=2.20.0->mxnet) (3.4

Requirement already r11ib3¢3,>=1.21.1 in /usr/local/lib/python3.10/dist-packages (from requests<3,>=2.20.8->mxnet) (2.0.7)
Requirement already satisfied: certifi>=2017.4.17 in /usr/local/lib/python3.10/dist-packsges (from requests<3,>=2.20.0- mxnet) (2023.7.22)

tpip install gluoncv

Requiresent already
Requiresent already satisfl
Requirement already satisfi
Requirement already satisfi
Requirement already satisfi
Requirement already satisfi
Requirement already satisfis
Requirement already satisfi
Requirement already satisfi

luoncy in /usr/local/lib/python3.10/dist-packages (8.18.5.post0)

wunpy in /usr/local/lib/python3.10/dist-packages (from gluoncv) (1.23.5)
qdm in /usr/local/1ib/python3.10/dist-packages (from gluoncy) (4.66.1)
equests in /usr/local/lib/python3.10/dist-packages (from gluoncv) (2.31
matplotlib in /usr/local/lib/python3.1/dist-packages (from gluoncy)
portalocker in /usr/local/lib/python3.10/dist-packages (from gluoncv) (2.
i1llow in /usr/local/lib/python3.18/dist-packages (from gluoncy) (9.4.8)
cipy in /usr/local/lib/python3.10/dist-packages (from gluoncv) (1.11.3)
acs in /usr/local/1ib/python3.10/dist-packages (from gluoncy) (9.1.8)
Requirement already satisfied: pandas in /usr/local/lib/python3.18/dist-packsges (from gluoncv) (1.5.3)
Requirement already satisfied: pyyssml in /usr/local/1ib/python3.10/dist-packages (from gluoncv) (6.0.1)
Reauirement alreadv satisfied: autocfe in /usr/local/lib/pvthon3.18/dist-packases (from eluoncv) (8.@.8)

Here, we need to mount the google drive and read the image folder located in the
Drive or we could simply upload the image folder directly to this temporary storage
area to the left panel.

12
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b} & 1_CV_Shatin_workshop.ipynb

Comment 2% Share €3 o v
File Edit View Insert Runtime Tools Help
i O x +Code +Tex v, A ©
wos Hequirement already satistied: contourpy>=1.Y.1 1n /usr/local/lib/pythons.10/a1st-packages (Trom matplotiib->gLuoncy) (1.2.6)
R e D e { [3] Requirement already satisfied: cycler>=9.10 in /usr/local/lib/python3.10/dist-packages (from matplotlib->gluoncy) (8.12.1) &
c Requirement already satisfied: fonttools>=4.22.8 in /usr/local/lib/python3.10/dist-packages (from matplotlib->gluoncy) (4.44.8)
gy already sati fwi .0.1 in /usr/local/lib/python3.10/dist-packasges (from matplotlib->gluoncv) (1.4.5)
o Requirement already satisfled: packaging>=20.0 in /usr/local/1ib/py .18/dist-packages (from matplotlib-sg! ) (23.2) *
» @ drive Requirement already satisfied: pyparsing>=2.3.1 in /usr/local/lib/python3.10/dist-packages (from matplotlib->gluoncy) (3.1.1)
» §m semple_data Requirement already satisfied: python-dateutil>=2.7 in /usr/local/lib/python3.10/dist-packages (from matplotlib->gluoncv) (2.8.2)

Requirement already satisfied: pytz>=2020.1 in /usr/local/lib/python3.10/dist-packages (from pandas->gluoncy) (2023.3.postl)
Requirement already satisfied: charset-normalizercd,>=2 in /usr/local/1ib/python3.10/dist-packages (from requests->gluoncy) (3.3.2)
Requirement already satisfied: idnacs,>-2.5 in /usr/local/lib/python3.10/dist-packages (from requests->gluoncy) (3
Requirement already satisfied: urllibic3,>=1.21.1 in /usr/local/lib/python3.10/dist-packages (from requests->gluoncv) (2.6.7)

Requirement already satisfied: certifi>«2017.4.17 in /usr/local/lib/python3.10/dist-packages (from requests->gluoncv) (2023.7.22)
Requirement already satisfied: s£x>=1.5 in /usr/local/lib/python3.18/dist-packages (from python-dateutil>=2.7->matplotlib->gluoncy) (1.16.8)
Installing collected packages: yacs, portalocker, sutocfg, gluoncy

Successfully installed autocfg-0.9.8 gluoncv-0.10.5.postd portalocker-2,8.2 yacs-9.1.8

| [4] #use a path from Google
from google.colab isport drive
drive.mount('/content/drive')

could help you load the images more easily

Mounted at /content/drive

T*rveoQ00 8
. @ # Image path config

pathe"/content/drive/MyOrive/ST_GSV image/' # Change the path to the folder where you put Street view imagesin the google drive
# or you could just simply use a folder location that you uploaded temporarily to this notebook.
#path = ‘foldername’ #no need for slashes

print(*Import GSV photo path is: ¥s"X(path))

[x Wimport GSV photo path is: /content/drive/MyDrive/ST GSV_image/|

If everything Is working the cell below should show how many images are in the folder and the name of the first two images

Then, we add modules and libraries that we need.

{ [8] ® Generate jpg list
from os import listdir

from mnet inport image
from os.path import isfile, join
import pandas as pd

all_files = [f for f in listdir(path)]

#es Get only text files

Jjpg_files = list(filter(lambda x: x[-5:] == ('.jpeg’) or x[-4:] == ('.jpg’), all files))
pe_files.sort()

#print(jpg_files)
print(*1.Total Isage Files in the folder:

jpe_files))

#show the first ten images
print(jpg_files[@:10])

1.Total Image Files in the folder: 1000
['1.jeg’, '1€.jpg’, '100.pg’', '1000.jpg’, '101.jpg’, "102.jpg’, '103.jpg’, '104.jpg’, "105.jpg’, '106.jpg']

~ 2.1 Test whether the images can be called and what are there format

If everything Is working the cell below should show image shape: (400, 640, 3)

RN - K- NN |

© ##2 2.1 Get image

= for filename in jpg_files[10:1
print((filename.split(".")[
#53 1.Read the dpg file
ing = image.imread(pathsfilename)
print(filename, " inage shape:',img.shape)

»)

E 1w
107.5pg image shape: (400, 640, 3)

- Applying the PSPNet and defining the features we want to extract

Here, we define the street elements we want to extract based on the labels from
ADE20K.

3.Apply PSPNet to images and generate a csv

© # Apply PSPNET to images and generate a .csv
import mxnet as mx
from menet import image
from mxnet.gluon.data.vision import transforms
import gluoncy I

from datetime import datetime

from matplotlib import pyplot as plt

import matplotlib.isage as mpimg

import matplotlib.patches zs mpatches

from matplotlib.font manager import FontProperties
import mumpy as np

import collections

from gluoncv.utils.viz import get_color_pallete

# Define the features you want to detect

keywords=[ "mountain®, 'water',"lake’,"sky’, "bridge’, pier’,
“ceiling’, 'building”, ‘skyscraper®, ‘wall®, fence®, 'windowpane®, "glass’,
‘tree', grass’, 'plant’, road’, 'sidewalk’, earth’,
‘person’, "minibike’, 'bicycle’, "car’, "van’,

"sofa’, "chair’, "booth’, "fountain”, "railing’, "signboard’, "column’, 'awning’, "desk’, "lamp’,
‘streetlight’, ‘sculpture’, "ashcan’, ‘bulletin board®]

And we could then create two folders, one for the segmented images without labels, and
the other containing labels. After getting the pre-trained model, we simply run this cell.
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v | PLEASE CHECK BEFORE RUNNING FOLLOWING CELL!
Make sure you have created a folder to save processed segmentation results without labels
Also, you have created a separate folder to save processed segmentation result WITH labels

Remember to set path_out and path_out_lgd to the respective folders

© # Process Using CPU, and Define Folders to save in
ctx = mx.cpu(@)
path_out="1" & The Folder you put segment results without lables
path_out_lgd="/content/drive/MyDrive/ST _GSV_PSPOutlabeled/ # The Folder you put segment results with a legend

# Define a dataframe to save analysis results
df_pspnet=pd.DataFrame()

# Get pre-trained model | PSPNET ADE

model = gluoncv.model_zoo.get_model(‘psp_resnetl@l_ade’, pretrainedsTrue)
# Set up legend font

fontP = FontProperties()

fontP.set_size('x-small')

#print(jpg_files)

print("1.Image Files in the folder:",len(jpg files))

) oownloading /root/.mxnet/models/resnet1@l_vis .zip from https://apach t.53-accelerate dualstack com/gl dels/r A
100121KB [09:06, 15834.57KB/s]
self .crop_size 480
Downloading /root/.mxnet/models/psp_resnet101_ade-24004758.zip from httpsi//apache- 23-accelerate. dualstack com/gluon/models/psp_rest
100%| | 266773/266773 [09:10<00:00, 26095.95K8/s]

1.Imsge Files in the folder: 1000

Next, define the start and end index of the images.
~ Il Please check before running the following cell

Change the number assigned to start_image_index, and end_image_index to segment smaller batches of images
Please refer to the output from cells above for the numbers of available images in your folder
TS @dd

# Change file numbers to be segmented
start_image_index = @  # Images before this index will not be processed, first imsge in folder iz index @
end_image_index = 20 sthe image at & after this index{will not be processed, in our case we have 1k images

ID=0
for filename in jpg _files[start_image_index:end_image_index]:
# 1.Read the jpg file
img = image.imread(path+filename)
#print(path+filename, ing.shape)
size=img.shape[@]*img.shape[1]

print(*17, img. shape)

# Display origin image

plt. imshow( img. asnumpy ()

plt.show()

R E

# Normalize the image using dataset mean
transform_fn = transforms.Compose([
transforms.ToTensor(),
transforms.Normalize([.485, .456, .406], [.229, .224, .225])
D
img = transform_fn{img)
#  peint("2",img.shape)
img = img.expand_dims(@).as_in_context(ctx)

If all previous steps are run successfully, the segmented results can be obtained, and you
will see the progress. Each image may need 10-20 seconds if you are using CPU, typically
GPU is more powerful in terms of computing power and could accelerate this
segmentation process.

© o

350

0 100 200 300 400 500 600
el Reading file:100@.jpg Going through: 4 / 20

Double-click (or enter) to edit

Remember to run the last piece of the code, as it saves the ratio of each street element
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(also called visual index in urban studies literature) you chose previously for all the images
into a combined csv file, that you could use to match back to the QGIS for future use.

Ol

0 & 1_CV_Shatin_workshop.ipynb
File Edit View Insert Runtime Tools Help Lastsaveda

£ e [0 x  +Code +Tex
Double-click (or enter) to edit
BN SN
- 7 @ # 4.1 Read the csv result
gt df_pspepd.resd_csv(file_save_name, encoding='utf-5°, engine='python’)
» i Folder1 ¥ 4.2 Replace the Nah with © using fillna(8), and save the result to a new cs
+ m drive df_pspedf_psp.Fillna(o
» mm sample_data i
# save the result to a new csv file
& 1103png df_psp.to_csv(file_save_name, index=False, encoding="utf-3')
B 1104png
B 1105p0g df_psp.hesd(20
[ Folder_11.png
FID  wall ceiling  road building  sky  tree earth car

[ Folder_110ong
[ Folder_1100.png
[ Folder_11000png
B Pspnet 019.cov

1 0317977 0358020 0025770 0000000 0.000000 0000000 0.000000
10 0000000 0000000 0225254 0056930 0164914 0274371 0006645
00 0001422 0000000 0312691 0051090 0031180 0426648 0.002109
1000 0061305 0000000 0297207 0018035 0325227 0156785 0.007871

101 0045600 0000000 0277996 0172785 0195754 0239047 0.000000

[
1
2
3
4
S 102 0012375 0000000 0318422 0013773 0191938 0241945 0.027383
6 103 0065402 0000000 0321570 0035504 0394785 0030316 0.005375
7 104 0403711 0263965 0047145 0000000 0.000000 0.000000 0.000000
8 105 0001570 0000000 0240020 0283035 0126934 0059133 0.000000
9 106 0107441 0000000 0241797 0146461 0171715 0033070 0.068367
10 107 0089316 0000000 0329891 0001328 0159641 0305234 0.000000

M 108 0017535 0000000 0405250 0105730 0239320 0176852 0002887

6. Data Visualization

Add ‘delimited text layer’
Here we use two sample files.

0000000
0006137
0000992
0002270
0061289
0005023
0025461
0000000
0000000
0022414
o007

00027

fence ...

0.000000
0.026562
0001918
0.083480
0007520
0.001387
0053617
0.000000
0000012
0.030086
0058758

0017523

grass
0000000
0.000000
0138371
0000000
0000000
0015398
0001133
0.000000
0032621
0000000
0032199
0003672

person
0000000
0000000
0000008
0000000
0000000
0000215
0000000
0000000
0000074
0000000
0000000
0000000

& comment 2% Shwe @ o )

sidewalk
0000000
0000000
0000000
0000160
0000000
0000277
0000000
0.000000
0066738
0000000
0006496
0004934

o -~ ©

- a
A%l W

.

mountain skyscraper str

0000000 0.000000
0000000 0.000000
0000000 0000000
0031867 0000000
0000000 0000000
0.000051 0024027
0045629 0.000000
0000000 0.000000
0000000 0000000
0037906 0000000
0016020 0000000
0015180 0000000

First, we import ‘st_points.csv’. You can notice that this layer has coordinate

information. We import it as a point layer.

After that, we import ‘st_segmented_1-1000.csv’. This time we choose ‘no geometry’.

(2 Data Source Manager | Delimited Text X
j. Browser * File name D:\Downloads\SVI_segmented_1-1000. csv L]
. e Layer name SVI_segmented_1-1000 Encoding UTF-8 he
. o Vector -
¥ v File Format
= ¢ CSV (comma separated values)
}1:‘ Mesh Regular expression delimiter
Delimited Custom delimiters
& Text
~ Record and Fields Options
Number of header lines to discard 0 </ V' Decimal separator is comma
v First record has field names V! Trim fields
Vv Detect field types Discard empty fields
* Geometry Definition
Point coordinates
Well known text (WKT)
082 oo ® No geometry (attribute only table)
*
W Virtual v Layer Settings
<8 Layer Use spatial index Use subset index Watch file
iy WMS/
¥ WMTS Sample Data
WFS / K = — P — p=
-4 OGC API - ID  wall  ceiling road building  sky tree earth car fence  railing  column
Reriirres 11 0317977 035802 0.02577
" 2. 01725764 NNSAA3 0164914074371 NONARAS NONATI7 NO2R5A2 (1001473 0NN22RT 1~
4 WCS L
XYZ
#
ans vector B3 Close || Add Help

Join tables

For this case, we want to add the values of different visual indices into the point layer.
For this purpose, we can notice that there are columns have equal values. ‘ID’ in the

point layer and ‘FID’ in the segmented result.

Right click the point layer, find ‘properties’, click ‘Joins’. The join layer is the
segmentation result. FID is the join field; ID is the target field. We can select joined

fields, which depends on your tasks.
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d.lr-\'-“ Properties — ST points 1000 — Joins o _——l ol W \[‘ )

Q 1 S o (2 Add Vector Join X
(i- Information = Join layer S'v'I_segmented_l-lGOD =
Am . : Join field 22FID ~
A Source Target field '3 ID v
.’j') Symbology v Cache join layer in memory

Create attribute index on join field

L abc JIETEH
Dynamic form
BB Masks » | Editable join layer
\9‘ 1D View »* | Joined fields

> Custom field pame prefix

Diagrams

|
E Fields
E Attributes Form

ﬂ Auxiliary Storage

ﬁ@ Actions | L4
: — [l O 0K ||Cancel
Rl s T T T

- Assign value to road sections
We use join attribute table by location function.

Q tt Processing Toolbox B
- o ‘ Re0B TN
s - N iz
Parameters | Log Join Q. join a

~ (1) Recently used

BaKse Layer attributes [ 3 Join attributes by focation ]
V OsmFile [EPSG:4326] Z @gj % by location [in attributes by neares

% Join attributes by location (sum...

Selected features only ~ @ Vector analysis
Join Layer @3 Count points in polygon
= - - = nd ¥ Join by lines (hub lines)
:"ST_points_1000 [EPSG:4326] Q) X, ' ~ @ Vector creation
Selected features only that # Points to path

~ (@ Vector general

4 Flatten relationship
ith 4 Join attributes by field value
) 4% Join attributes by location

Geometric predicate =
version o

V' intersects overlaps in{)ut on

i vithi addition
Contals within attribut ta 2 Join attributes by location (sum...
equals crosses 1 tri %)m . s 4% Join attributes by nearest
s : ~ (Q Vector geomet
touches Q g 24

The additional 4 Merge lines
attribut ~ @ Vector selection
\ 4% Extract by location

Fields to add (leave empty to use all fields) [optionall

0 options selected
Layer Styling -1°)
V" Joined layer -

& =Graduated

Join type
Take attributes of the first matching feature only (one-to-one) -
« >

o] Value 1.2 SVI_segmented
0% Cancel
{abc]
Run as Batch Process*:* Run || Close || Help g Symbol

- Visualization
To visualize the one parameter by heatmap. You can right click the newly join layer,
find ‘Properties’, select ‘Symbology’. You can either use categized or graduated. Select
the parameter you take as the target, click ‘classify’. You can change the classes and
mode for classification. You may need to try multiple intervals to achieved a nicer
visual :).
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