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Preface

Smart city is to make full use of the new generation of information technology in 
various industries in the city based on the next generation of innovation in the 
knowledge society of the advanced form of urban information to achieve the deep 
integration of information, industrialization, and urbanization. The smart city in the 
twenty-first century can make the most of big data processing technology to analyze 
and mine the key information of the core system of urban operation, to make an 
intelligent response to a variety of urban needs, including transportation, environ-
mental protection, public safety, and industrial and commercial activities, and to 
achieve a better urban life.

A smart city often intersects with big data city, intelligent city, ecological city, 
low-carbon city, and other regional development concepts, and even mixes with 
intelligent environment, intelligent traffic, smart grid, and other industry informa-
tion concepts. At present, research on smart cities has different emphasis, mostly 
focused on technology application discussion, network construction analysis, wis-
dom effect research, etc. The research of smart cities is still in the new stage of 
vigorous development. Therefore, from the point of view of data science, the author 
has completed the work based on his theoretical achievements in the field of time 
series and the results of a large number of engineering experiments in smart grid, 
smart traffic, and smart environment.

Under the background of smart city, the book carries on big data prediction from 
three aspects of the power grid and building energy, road network traffic flow, envi-
ronmental index data, which is of great practical significance to the construction and 
planning of smart city. With the help of big data prediction of power grid and build-
ing energy, it can further improve the power grid system and building energy man-
agement, the safety of power consumption, and the efficiency of energy utilization. 
With the help of big data prediction of road network traffic flow, the road network 
structure can be further improved, alleviate traffic congestion, and enhance the traf-
fic capacity of the road network. With the help of big data prediction of the environ-
ment, it can further improve the quality of resident life and provide a healthy and 
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green living environment for residents. The prediction methods proposed of smart 
cities based on big data in the book have a certain reference significance for the 
planning, construction, and development of green cities and smart cities.

Changsha, China�   Hui Liu  
August 2019

Preface
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About the Book

This book proposes theoretical methods and predictive models for large-scale data 
prediction and analysis in the smart cities using artificial intelligence and big data. 
At the same time, this book uses the method of case analysis to verify and analyze 
the proposed model. All content is divided into four parts, totaling 10 chapters. Part 
1 summarizes the research background and development status of several key issues 
in smart city involved in the book and summarizes the related technologies. This 
part uses the statistical analysis of the literature to expound the research hotspots 
and research progress of smart cities with big data technology. It provides a theoreti-
cal basis for the study of theoretical algorithms in subsequent chapters. Part 2 uses 
the cross-correlation analysis to mine and analyze the regional correlation and time-
domain variation in urban power load data. At the same time, this part uses ARIMA, 
SARIMA, ARCH, and SVM to predict the urban electricity consumption and 
household load consumption and constructs the framework of power load forecast-
ing under the background of big data. Part 3 analyzes the traffic flow data and the 
vehicle trajectory data and establishes a traffic flow prediction model and a vehicle 
trajectory prediction model, respectively. Firstly, this part starts with single data-
driven traffic flow data and establishes a deterministic prediction model and interval 
prediction model for traffic flow. Then, the multi-dimensional traffic flow data 
including the spatiotemporal mapping relationship is analyzed to realize the traffic 
flow prediction driven by multi-dimensional data. Part 4 starts with the three aspects 
of urban air quality, urban hydrological status, and urban noise and introduces the 
intelligent environment prediction technology in the context of big data. The ELM 
model, Bayesian model, RF algorithm, BFGS algorithm, and GRU model are used 
to predict the urban environmental time series.

This book can help scientists, engineers, managers, and students engaged in arti-
ficial intelligence, big data analysis and forecasting, computational intelligence, 
smart city, smart grids and energy, intelligent traffic systems, smart environment, air 
pollutant controlling, and other related research fields.
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Abbreviations

AHU	 Air handling unit
AIC	 Akaike information criterion
ANFIS	 Adaptive network-based fuzzy inference system
ANN	 Artificial neural network
AQI	 Air quality index
AR	 Autoregressive
ARCH	 Autoregressive conditional heteroscedasticity
ARCH-LM	 Autoregressive conditional heteroscedasticity-Lagrange multiplier
ARIMA	 Autoregressive integrated moving average
ARMA	 Autoregressive moving average
BEMPs	 Building energy modeling programs
BFGS	 which is made up of the initials C.  G. Broyden, R.  Fletcher, 

D. Goldfarb, and D. F. Shanno
BIC	 Bayesian information criterion
BM	 Bayesian model
BP	 Back propagation
RFID	 Radio frequency identification
BPNN	 Back propagation neural network
CA	 Cellular automata
CAD	 Computer-aided design
CDH	 Cloudera’s distribution including apache hadoop
CFS	 Correlation-based feature selection
CNN	 Convolutional neural network
CWC	 Coverage width-based criterion
CWT	 Continuous wavelet transform
DAG	 Directed acyclic graph
DOE	 Department of energy
DWT	 Discrete wavelet transform
ELM	 Extreme learning machine
EMD	 Empirical mode decomposition
ERM	 Empirical risk minimization



xxxiv

ES	 Exponential smoothing
ESP	 Energy simulation program
EWT	 Empirical wavelet transform
FA	 Factor analysis
FITNETs	 Function fitting neural networks
FTS	 Fuzzy time series
GA	 Genetic algorithm
GARCH	 Generalized autoregressive conditional heteroscedasticity
GFS	 Google file system
GIS	 Geographic information system
GPS	 Global positioning system
GRU	 Gated recurrent units
GWO	 Grey wolf optimization
HDFS	 Hadoop distributed file system
HDP	 Hortonworks data platform
HHT	 Hilbert–Huang transform
HMM	 Hidden Markov model
HVAC	 Heating, ventilating, and air-conditioning
HVACSIM	 HVAC simulation
IMF	 Intrinsic mode function
IOT	 Internet of things
ITS	 Intelligent transportation system
KMO	 Kaiser-Meyer-Olkin
KPCA	 Kernel principal component analysis
LSTM	 Long short-term memory
MA	 Moving average
MAE	 Mean absolute error
MAPE	 Mean absolute percent error
MI	 Mutual information
MODWT	 Maximal overlap discrete wavelet transform
NARX	 Nonlinear autoregressive with external input
PCA	 Principal component analysis
PICP	 Prediction interval coverage probability
PINAW	 Prediction interval normalized average width
PJM	 An US regional transmission organization named Pennsylvania–New 

Jersey–Maryland
PSO	 Particle swarm optimization
RBF	 Radial basis function
RF	 Random forest
RMSE	 Root mean square error
SD	 Seasonal decomposition
SDE	 Standard deviation of error
SPARK	 Simulation problem analysis and research kernel
SQL	 Structured query language
SRM	 Structural risk minimization

Abbreviations
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SSA	 Singular spectrum analysis
SVM	 Support vector machine
SVR	 Support vector regression
TRNSYS	 Transient system simulation tool
WD	 Wavelet decomposition
WPD	 Wavelet packet decomposition
YARN	 Yet another resource negotiator
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