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Layer (type) Output Shape Param # Connected to

input_meta (InputLayer) [(None, 9)] 0 []
txt_input_cnn (InputLayer) [(None, 100)] 0 []
meta_dense_1 (Dense) (None, 128) 1280 ['input_meta[O][O]‘]
Embedd_cnn (Embedding) ~ (None, 100,300) 1313400 [‘txt_input_cnn[0][0]]
meta_dense_2 (Dense) (None, 64) 8256 [‘meta_dense_l [0][0]]
data_cov_1 (Conv1D) (None, 100,256) 153856  [‘Embedd_cnn[0][0]]
meta_dense_3 (Dense) (None, 32) 2080 [‘meta_dense_Z[O][O]‘]
flatten_11 (Flatten) (None, 25600) 0 ['data_cov_l [0][0]]
flatten_10 (Flatten) (None, 32) 0 [’meta_dense_3 [O][O]]
meta_dense_4 (Dense) (None, 1) 25601 [‘ﬂatten_l 1 [0][0]]
concatenate_3 (Concatenate) (None, 33) 0 [‘ﬂatten_lO[O][O]’,
‘meta_dense_4[0][0]’]
dropout_15 (Dropout) (None, 33) 0 ['concatenate_3 [0][0]]
dens_1 (Dense) (None, 512) 17408 [‘dropout_15[0][0]]
out_layer (Dense) (None, 3) 1539 ['dens_l [0][0]]

Total params: 1,523,420
Trainable params: 1,523,420
Non-trainable params : 0
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Layer (type) Output Shape Param #

input_layer (InputLayer) [(None, 256,256,3)] 0
convl.l (Conv2D) (None, 256,256,64) 832
convl.2 (Conv2D) (None, 256,256,64) 16448
block1_pool (MaxPooling2D) (None, 128,128,64) 0
conv2.1 (Conv2D) (None, 128, 128,64) 36928
conv2.2 (Conv2D) (None, 128, 128,64) 36928
block2_pool (MaxPooling2D) (None, 64, 64, 64) 0
conv3.1 (Conv2D) (None, 64, 64,32) 8224
conv3.2 (Conv2D) (None, 64, 64,32) 4128
block3_pool (MaxPooling2D) (None, 16,16,32) 0
conv4.1 (Conv2D) (None, 16, 16, 16) 12816
conv4.2 (Conv2D) (None, 16,16,16) 6416
block4_pool (MaxPooling2D) (None, 4,4, 16) 0

flatten_2 (Flatten) (None, 256) 0
dropout_1 (Dropout) (None, 256) 0
dense (Dense) (None, 256) 65792
dense_1 (Dense) (None, 3) 771

Total params : 189,283
Trainable params: 189,283
Non-trainable params: 0
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Layer (type) Output Shape Param # Connected to

input_image (InputLayer) [N one, 256,256,3 0 [l

)]
conv1 (Conv2D) (None, 256, 256,64 832 [input_image[0][0]]

)
input_meta (InputLayer) [(None, 9)] 0 []
pooll (MaxPooling2D) ~ (None, 128,128,64 0 [‘convi[0][0]]

)
meta_dense_1 (Dense) (None, 512) 5120 [‘input_meta[O][O]‘]
txt_input_cnn (InputLayer) [(None, 100)] 0 []
dropout_46 (Dropout) ~ (None, 128,128,64 0 [pool1[0][0]]

)
dropout_49 (Dropout) (None, 512) 0 [‘meta_dense_l [O][O]]
Embedd_cnn (Embedding) ~ (None, 100,300) 1313400 [‘txt_input_cnn[0][0]]
conv2 (Conv2D) (None, 128, 128, 64 16448  [dropout_46[0][0]]

)
meta_dense_2 (Dense) (None, 256) 131328 ['dropout_49[0][0]’]
data_cov_1 (Conv1D) (None, 100,256) 153856 [‘Embedd_cnn[0][0] ]
pool2 (MaxPooling2D) (None, 25,25,64) 0 [‘convZ[O][O]']
dropout_50 (Dropout) (None, 256) 0 [‘meta_dense_Z[O][O]’]
flatten_23 (Flatten) (None, 25600) 0 ['data_cov_l [0][0]]
dropout_47 (Dropout) ~ (None, 25,25,64) 0 [pool2[0][0]]
meta_dense_3 (Dense) (None, 256) 65792 ['dropout_SO[O][O]']
dropout_52 (Dropout) ~ (None,25600) 0 [‘flatten_23[0][0]]
flatten_21 (Flatten) ~ (None,40000) 0  [‘dropout_47[0][0]]
flatten_22 (Flatten) ~ (None,256) 0 [‘meta_dense_3[0][0]]
txt_dense_3 (Dense) (None, 512) 13107712 [‘dropout_SZ[O][O]’]
image_dense_1 (Dense) ~ (None, 16) 640016 [flatten_21[0][0]]
dropout_51 (Dropout) (None, 256) 0 [‘ﬂatten_22[0][0]’]
dropout_53 (Dropout) (None, 512) 0 [‘txt_dense_3 [O][O]]
dropout_48 (Dropout) (None, 16) 0 ['image_dense_l [0][0]]
concatenate_6 (Concatenate) (None, 784) 0 [‘dropout_Sl[O][O]’,

'dropout_53[0][0]',
'dropout_48[0][0]’]

dropout_54 (Dropout) (None, 784) 0 [‘concatenate_é[O][O]’]
dens_1 (Dense) (None, 512) 401920 [‘dropout_54[0][0]]
out_layer (Dense) (None, 3) 1539 ['dens_l [O][O]]

Total params: 15,837,963
Trainable params: 15,837,963
Non-trainable params: 0
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1. VADER (Valence Aware Dictionary for Sentiment Reasoning) is a model used for text sentiment
analysis that is sensitive to both polarity (positive/negative) and intensity (strength) of emotion
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4. GeoJSON

5. Volunteered geographic information
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DeepSent
. OutdoorSent
10. AFINN
11. Ps_match_multi-SAS macro
12. NLP
13. ML
14. IR
15. DM
16. Lexical method
17. Accuracy



18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
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Recall

Learning Rate %
Precision 3
ReLu K3
Pooling .
Softmax —3,\
Cross validation s
Unseen data o
Hold out j‘
K fold )
Leave-one-out >
Confusion Matrix =
Integer

Float

String

Object
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34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.

2,10 1SS o |y asliee
Most frequency
Label Encoder
MinMaxScaler
StandardScaler
Normal Sampling
Weighted sampling
Clean
Hazm
Zero Padding
Embedding
Fasttext
Embedding
ResNet g Pre-Activation ResNet
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Abstract

Urban planning and design issues are highly complex, making it challenging to achieve a comprehensive understanding of
these issues, especially on a large scale, using traditional urban planning methods alone. Therefore, the integration of data
science and modeling presents a promising approach for comprehending urban issues. Extensive research and reports on
real urban projects implemented across various countries suggest that machine learning and deep learning techniques have
the potential to effectively address urban problems and offer additional benefits such as reducing economic costs associated
with inefficiencies, improving operational speed, and enhancing predictability. The integration of machine learning and deep
learning can be utilized in the evaluation, design, and post-implementation stages of urban planning and design processes.
User experience, including environmental stress, happiness, and fear, significantly influences the character and activities
within urban spaces. Hence, it is crucial for urban designers to create new spaces or revitalize existing ones in a way that
evokes a positive emotional response and a sense of belonging among users. Numerous studies have explored this subject,
primarily focusing on evaluating people's emotions within physical environments and occasionally within virtual settings,
using Al-based methodologies. Sentiment analysis or opinion mining, previously employed before the rise of social media,
is now being investigated and analyzed using computational methods with the aid of vast amounts of data published on social
media platforms. This research domain, widely used in economic, marketing, political, and social research, has increasingly
permeated the realm of urban studies. However, it is relatively new within the field of urban studies, with only a limited
number of research studies conducted thus far. The main objective of this research is to develop a predictive model for
understanding users' emotional responses towards urban spaces through an analysis of multi—modal data, including images
and textual content, published in virtual spaces. This study incorporates two notable innovations:

. The use of a machine learning approach in sentiment analysis of multi—modal data on an urban scale, which has been
explored in data science research but remains insufficiently explored in the realm of urban planning and management
in Iran.

. The creation of a dataset comprising textual and visual data relevant to urban environments.
It aims to present a predictive model that effectively analyzes sentiment in textual and visual media data derived from
Twitter. The research employs a quantitative methodology and utilizes a supervised deep learning technique. The case study
encompasses multi—modal urban data from eight megacities in Iran, collected over a ten—year period until December 2021.
An algorithmic hybridization based on the Convolutional Neural Network (CNN) architecture has been developed and
employed to train the textual data, resulting in an accuracy rate of 77%. Additionally, the visual data has been trained using
three distinct algorithms, with VGG19 demonstrating superior performance and achieving an accuracy rate of 88%. A hybrid
algorithm has been devised to train the multi—modal data, yielding an accuracy of 66%. Subsequently, a combination model
leveraging pre—trained VGG19 models alongside the developed text combination model has been implemented, achieving
an elevated accuracy of 81%. These outcomes demonstrate the machine's capacity to predict sentiment polarity in textual -
visual data related to cities.
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