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In the past decades, intelligent vehi-
cles (IVs) have attracted increasing 
attentions due to their great poten-

tial in enhancing vehicle safety and 
performance and traffic efficiency. 
As one of the fundamental tech-
niques for IVs, sensing technique has 
attracted considerable attentions in 
both academic and industrial com-
munities. For instance, the pioneers, 
such as Mobileye, Google and Tesla, 
have developed sensing products 
for IVs. Currently, they continue de-
veloping more efficient and robust 
sensing methods for the purpose of 
better control of IVs. However, there 
are still some problems that should 
be solved. For example, how to lo-
calize the IVs with high accuracy 
and low cost? How to make object 
recognition in a real-time manner? 
How to make sensing-devices for 
special vehicles? And many oth-
ers still stand as the big challenges 
to design the intelligent vehicles. 
Many approaches will be de-
veloped to achieve better perfor-
mance for IVs.

This special issue on “Practical 
Sensing Techniques for Intelligent 
Vehicles (IVs)” just targets on these 
topics to address new trends and 
challenges, emerging technologies 
and progress in standards on top-

ics relevant to today’s fast moving 
areas of IV sensing techniques.

We accepted nine papers after 
at least two rounds of reviews. All 
papers have received at least three 
expert reviews. The special issue 
consists of nine papers organized in 
the following categories: (i) Vehicu-
lar congestion; (ii) Unmanned sur-
face ship; (iii) Trajectory planning 
and tracking; (iv) Driving states 
understanding; (v) Vehicle collision 
risk assessment; (vi) Traffic mea-
surement and prediction; (vii) Road 
vehicle detection; (viii) Wireless lo-
calization of connected vehicle; (ix) 
Rail robotics.

The first part of this special is-
sue is devoted to “Fog Computing for 
Detecting Vehicular Congestion, An 
Internet of Vehicles based Approach: 
A review” which reviews the recent 
progress on vehicular congestion us-
ing fog computing. A wireless sensor 
network for vehicular clients is used 
in Internet of Vehicles (IoV) based 
solutions for traffic management ap-
plications. It was found that vehicu-

lar congestion detection by IoV based 
connected vehicles technology are 
practically feasible for congestion 
handling. Moreover, fog computing 
is able to enhance the communica-
tion in the vehicular wireless sensor 
network to support larger number 
of nodes. Various traffic density esti-
mation techniques such as statistical 
methods, V2I communication, and 
V2V communication are studied to 
develop a practically feasible vehicu-
lar congestion detection system that 
performs accurately for a large cov-
erage area and multiple scenarios.

The next part of the special is-
sue, authors investigate the trajec-
tory tracking control problem of 
surface ship subject to the dynamic 
uncertainties, unknown time-
varying disturbances and input sat-
uration. To handle the non-smooth 
input saturation nonlinearity and 
compensate the ship dynamic un-
certainties, Gaussian error func-
tion and adaptive neural network 
technique are employed. In control 
design, to obtain the transient 
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motion reference signal, finite-time 
nonlinear tracking differentiator is ap-
plied to generate virtual reference sig-
nal and to extract the derivative of vir-
tual control law. Referring to the effects 
of the kinematics subsystem on the ki-
netics subsystem caused by the error of 
tracking differentiator, and the effects 
of the input saturation on the control 
accuracy and the dynamic quality of 
the trajectory tracking control system, 
an error-driven-based nonlinear feed-
back recursive design technique is 
proposed to design trajectory tracking 
control law. A new non-quadratic Ly-
apunov function is adopted to analyze 
the trajectory tracking control system 
stability. The proposed control scheme 
fully embodies the characteristics of 
the low-gain and high-gain control, 
and overcomes the effect of tracking 
differentiator error on closed-loop sys-
tem by recursive design method. Simu-
lation results verify the effectiveness of 
the proposed control scheme.

The third part of the issue addresses 
the challenge of trajectory planning and 
tracking for autonomous vehicles. 
Trajectory planning and tracking are 
essential for collision avoidance of an 
autonomous vehicle in critical traffic 
scenarios. This paper integrates trajec-
tory planner and tracking controller 
to implement obstacle avoidance. The 
trajectory planner is based on the State 
Lattice approach and tracking control-
ler is designed based on the Model 
Predictive Control. Numerical simula-
tions show that the planner can gener-
ate smooth trajectories which can be 
selected as a reference trajectory for 
the tracking controller. The maximum 
tracking error is less than 0.2 m when 
the vehicle speed is below 50 km/h. 
Furthermore, field experiments were 

carried out and the analysis results 
demonstrated that the test vehicle can 
follow the reference path accurately, 
even at sharp corners. By using the 
multi-radar fusion system, the test ve-
hicle could avoid continuous obstacles.

The fourth part is “Understanding 
Individualization Driving States via La-
tent Dirichlet Allocation Model.” This 
paper aims to develop an unsupervised 
method for deeply understanding the 
individualization driving for the pur-
pose of promoting automatic driving 
technology. First, an encode method is 
proposed to extracted driving behavior 
from vehicle motion data. Then, Latent 
Dirichlet Allocation (LDA) model is de-
veloped to understand latent driving 
states and quantified structure of the 
driving behavior patterns (topics) from 
individualization driving (documents) 
using driving behaviors (words). In 
order to validate the performance and 
effectiveness of the proposed method, 
twenty-two drivers (15 males and 7 
females) were recruited to carry out 
road experiments in Wuhan, China for 
experiments data collection. In addi-
tion, two typical unsupervised methods, 
including k-means and the random 
method are employed to compare with 
LDA in the experiments. Analysis re-
sults verify the superiority of proposed 
method. The information including 
the proportions of driving states for 
individualization driving and the dis-
tribution of driving behavior for each 
driving state can be used in automatic 
driving technology.

The fifth part addresses the issue 
of vehicle collision risk assessment 
through inferring driver’s braking ac-
tions in near-crash situations. The 
rough set based method is used to ex-
plore driving safety problems based on 

a systematic “driver-vehicle-road” ar-
rangement. The involvement in near-
crash situation is linked with the related 
attributes (driver behavior, vehicle mo-
tion, etc.) through an improved rough 
set model. The rule bases are used to 
make judgement for identifying wheth-
er a new case in near-crash scenario is 
involved with crash risk. Furthermore, 
the proposed rough set model reveals 
the input-output relationships by ex-
tracted rules in an easily interpretable 
way, while existing black box models 
cannot interpret the input-output rela-
tionships. Transparent input-output re-
lationships are very important for retro 
designing driver assistance system. Ex-
pert knowledge can be incorporated in 
rough set based models as constraints, 
or the initial value of training parame-
ters in the proposed model can be set by 
experts intuitively whenever possible, 
leading to an expert-data driven system.

The sixth part of the special issue 
addresses the traffic measurement and 
prediction problem. The location-based 
vehicle sensor data (LB-VSD) is used to 
improve the efficiency of traffic control 
and management. Similar to the GPS 
system, BeiDou satellite navigation 
system (BDS) can collect LB-VSD. In 
China, the key operation vehicles on the 
expressway are equipped with BDS to 
monitor the travel path. This provides 
a basis for predicting the traffic speed 
on expressway accurately. In this paper, 
considering the abnormal data collect-
ed by BDS, the screening and process-
ing rules are made, and then the traffic 
speed sequence is extracted. Consider-
ing the data-missing problem caused 
by equipment failure or abnormal data 
elimination and the data sparse prob-
lem caused by small size of sample, a 
filling method based on trend-histori-
cal data is proposed. Traffic flow evo-
lution is a complex process. Sudden 
accidents or bad weather can cause a 
sudden change in traffic flow and non-
recurrent traffic congestion. The pre-
diction accuracy of traditional machine 
learning methods is low when non-re-
current congestion occurred. In order 
to solve this problem, this paper adopts 

This special issue addresses new trends and challenges, emerging 
technologies and progress in standards on topics relevant to today’s 
fast moving areas of IV sensing techniques.
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a Long Short-Term Memory (LSTM) 
to predict the traffic speed. Moreover, 
three-regime algorithm is used while 
building the prediction model. The pre-
diction method is compared with Sup-
port Vector Regression (SVR) method. 
The results show that the prediction 
accuracy of the proposed method is 
higher than that of SVR algorithm, and 
the robustness is better in the case of 
non-recurrent traffic congestion.

In the seventh part, road vehicle de-
tection using deep learning algorithms 
is discussed. Although there have been 
a large number of studies that thor-
oughly explored various types of deep 
learning methods for vehicle detection, 
there are a few studies that compare and 
evaluate the detection time and detec-
tion accuracy of the mainstream deep 
learning object detection algorithms 
for vehicle detection. To this end, this 
article compares five mainstream deep 
learning object detection algorithms 
in vehicle detection, namely the faster 
R-CNN, R-FCN, SSD, RetinaNet, and 
YOLOv3 on the KITTI data and analyze 
the obtained results. The detection time 
and detection accuracy of the five ob-
ject-detection algorithms on the KITTI 
test set are compared and analyzed, 
and the PR curve and AP value are used 
to evaluate the detection accuracy.

The eighth part of the special issue 
discusses the wireless localization of 
connected vehicles (CVs). As one of 
key technologies of connected vehicles 
(CVs) applications, wireless localiza-
tion can provide accurate and reliable 
vehicle location for high occupancy 
tolling and safety critical vehicle ap-
plications. Several artificial intelligence 
methods, such as back propagation 
neural network (BPNN) and particle 
swarm optimization (PSO) method, 
have been employed to optimize the 
pass-loss model and to improve the 
accuracy of wireless localization algo-
rithm. However, in view of the stochas-
ticity of initial weights and thresholds 
in BPNN, it is difficult to reach the 
global convergence. In this study, a 
novel double-layer architecture for  
wireless localization algorithm is 

proposed based on the optimization 
of initial weights and thresholds in 
BPNN and the refinement of search 
direction and step in PSO algorithm. 
Based on the architecture, the wire-
less localization algorithm integrating 
BPNN with mind evolutionary algo-
rithm (MEA) and quantum-behaved 
PSO (QPSO) method is proposed and 
validated using the experiment data 
in field environment. The validation 
results show that the proposed local-
ization algorithm has better localiza-
tion accuracy by comparison with the 
other localization algorithms, which 
the average error of the proposed lo-
calization algorithm in field environ-
ment is about 19 meters. In addition, 
the localization accuracy shows an 
improving tendency with the increas-
ing of the number of base stations con-
nected to moving vehicle. The loca-
tion error is less than 10 meters when 
the number of base stations connected 
to the moving vehicle is greater than 
7. For the wireless localization in field 
environment, the accuracy is accept-
able for CVs applications.

The ninth part of the special issue 
discusses the rail robotics for fault de-
tection in a coal mine hoisting system. 
Aiming at the problem of rail inspec-
tion in coal mine hoisting system, this 
paper presents a new rail inspection 
robot (RIR) robot and a fault detection 
method using the robot’s own attitude 
change to evaluate rail defects. The 
mechanical structure of the RIR is de-
signed, and the magnetic wheel with 
both practicability and adsorption 
capacity is designed using the finite 
element software. The types of rail de-
fects in the hoisting system are classi-
fied, and the kinematic characteristics 
of the robot passing the defects of rails 

are analyzed. The variation curve of 
the robot’s attitude angle is analyzed 
when the robot passes through differ-
ent rail defects. Lastly, the climbing 
ability of the RIR robot on the vertical 
rail and the detection ability of rail de-
fects detection method are verified by 
experiments. The analysis result dem-
onstrates that the detection rate of the 
proposed RIR is below 7%. The pro-
posed RIR detection scheme can also 
be extended to railway rail inspection.

The Guest Editors would like to 
thank the authors, the Magazine Ed-
itor-in-Chief Ljubo Vlacic, and the re-
viewers for the time and efforts they 
have devoted to provide detailed com-
ments which have contributed to sig-
nificantly improving the quality of the 
accepted papers.
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