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Abstract: In advanced driver assistance systems, avoiding obstacles is an important feature focused on providing correct,
timed and reliable alerts prior to an impending collision (with objects, vehicles, pedestrians, etc.). In order to address the
design and evaluation of obstacle detection in a cyber-physical transportation system, the obstacle identification library
has been developed and implemented. Library is then built into a system for co-simulation that facilitates the interface
between MATLAB / Simulink and SCANeR applications. Next the modelling and simulation of virtual on chip light
detection and range sensors in a cyber-physical system is explored for traffic scenarios. In SCANeR, the cyber-physical
device is planned and enforced. Secondly, using a visual sensory library supplied by SCANeR, three unique Al - based
approaches for obstacle detection libraries are also developed and implemented. A MLP - NN, multi-layer perceptron
neural network; a SOM, map of self-organization; and an SVM, support vector machine are the three methods for obstacle
detection and identification in the library. Finally, a contrast is made between these approaches under varying weather
conditions, with very good findings in terms of precision. Using the multi-layer perceptron in clear skies and low visibility
conditions, the support vector machine in the weather of rain and the self-organized map in the weather of snow are the
best results obtained.

Keywords: Loop - sensors; simulation framework; cyber - physical system; on - chip LiDAR; obstacle detection and
recognition libraries.

l. INTRODUCTION

During neoteric advances have shown that sensors, data acquisition systems and computer networks are growing at a
rapid rate in performance, usability and affordability, mainly due to the advancements in the field of artificial intelligence.
In numerous engineering fields like the Cyber-Physical Systems (CPSs) are also growing, serving applications through
sectors such as construction, healthcare, electric power grids, agriculture and transportation. Today, dozens of
contributions are reported in the literature addressing key CPS issues, from topologies that are linked to one another to
the visual or cognitive and self - configuration layers. In terms of software management, information flow control, error
control, redundancy, dependability and lag or latency in diverse global networks, computing required for operating
systems, software programming languages, user interfaces and networking technologies have become more sophisticated.
In addition, in the CPS paradigm, the acquisition of knowledge, learning and its transformation into physical actions to
assist machines in decision-making activities are priorities.

Advanced Driver-Assistance Systems (ADAS) and Autonomous Vehicles (AV) are one of the major uses are for the
systems that are used for detecting and recognizing as well. Accenture LLP reports the key areas of the automotive vehicle
industry in the coming decade and beyond are: (a) cyber - security; (b) product accountability for the sensors and the
software and / or algorithm; and (b) AV equipment insurance. In particular, a number of studies have documented sensors
in loop method, with encouraging results in terms of high precision and accurate six-degree freedom location information
for real-time navigation. For AV applications, several vision-based navigational algorithms are accessible as well. The
Light Detection and Ranging (LiDAR) system and stereo - vision cameras are commonly utilized in driverless vehicles
or the autonomous applications of (CV) Computer Vision in vehicles as well, among the others.

A focus in the line for researchers and car manufacturers is obstacle detection and recognition of multi-layer structures
to reflect the typical patterns of highways, lane markings, traffic signals, cars, pedestrians and so on (Figure 1). In order
to find patterns, trends and relationships between input attributes and class labels, many classifiers are now depending
on variety and sometimes mixture of machine-learning methods to manipulate data redundancy and abundance [8-10] to
overcome the issues faced. Support Vector Machines (SVM) used by devices have been commonly applied for various
regression and classification problems within obstacle - detection and recognition techniques. A fascinating
implementation using computer vision for detection of pedestrians in High Definition (HD) 3D - LIiDAR autonomous
vehicles is documented in, presenting precise data to be used efficiently in any form of lighting conditions.
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Figure 1. Interactions in a vehicle and road environment conceptualized.

On the contrary, dynamics of physical nature, command are taken into concern in simulation frameworks, applications,
computing platforms and communication networks are taken into account in co-simulation frameworks, which are crucial
for the design of CPS control devices, computer platforms and communication networks that are crucial for autonomous
driving. Owing to virtual prototyping, co-simulation is essential for CPSs, and CPSs are optimized for autonomous
traveling too. Also due to the virtual capability of properly emulating actor-sensor nodes with their very own hardware
requirements, co-simulation is important for CPSs. In addition, virtual prototyping can take good thing about multiple
modelling languages and tools and specifications, and is capable to accurately replicate actor-sensor nodes using its own
hardware. In particular, to check the behaviour of CPSs, simulated prototyping will take good thing about distinct
engineering to incorporate them with each other. Processing components with languages and software, for example, and
combining them with each other to determine the actions of CPSs. For instance, RTOS (real - time operating systems),
sensors, communication systems, actuators, model transformation processing elements with RTOS, the final virtual
prototype, and the estimation and compensation of localization fallacies can include model change to the last digital
prototype, and localization mistake estimation and settlement.

This particular paper presents the design and using an obstacle-recognition collection with three methods for collision
avoidance in driving-assistance scenarios. This particular library is built-in into a co-simulation framework for modelling
and simulating a virtual sensor system in a cyber-physical system. Through the best of the authors’ knowledge, three
efforts are network in a cyber-physical system. From the best of the authors’ knowledge, three efforts are reported in this
paper. First of all, a simulation construction of virtual detectors for bettering the accuracy reported in this paper. First of
all, a simulation construction of virtual detectors for bettering the accuracy of on - chip LiDAR sensors is introduced.
This simulation construction helps in-parallel data from related networks in a CPS to be obtained.

Also, the library contains three tools focused on artificial intelligence: a multilayer perceptron (MLP), a self-organized
map (SOM) and a support vector machine (SVM)—are available in those libraries as well. These types of methods were
chosen due to their solid mathematical fundamentals, of on - chip LiDAR detectors is presented. This particular
simulation framework helps in-parallel data from related sensor systems in a CPS to be obtained. These methods were
selected because of to their strong mathematical foundations, shown suitability for modelling in complex situations and
worldwide successful applications reported in the literature. Lastly, a comparative research among these tips for detecting
obstacles is presented, in order to determine their performance in numerous weather conditions. In addition, from the
SCANEeR simulator, an obstacle database in the CPS for driving assistance was established to assess the accuracy of the
on - chip LiDAR sensor under various environmental conditions. The particular on — chip LIDAR concept has led to a
great technological problem with regard to sensor networks in CPSs. Because of its restricted measurement range and
field of view, it is necessary to get in-parallel data from all other related detectors to put a more accurate scan of the
whole atmosphere.

This paper address subject areas of high relevance to European countries. Among the motivations of this work is the need
to validate work earlier developed in our institution in the frame of the EMC2 European task. The particular ENABLE
S3 task also corroborates the priorities of such research matters in Europe. Five parts of this paper are: following this
introduction, the second section discusses the two segments of the co - simulation framework: SCANeR and Simulink.
Subsequently, a case study based on the interaction between SCANeR simulator and MATLAB in a driving assistance
scenario is explained in Section 3, as well as the first preliminary results obtained. Following the experimental findings
and a review are presented in Section 4 by way of a comparative analysis. Lastly, the findings and possible steps of study
are discussed.
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1. CO-SIMULATION IN CPS FRAMEWORK DESCRIPTION

A simple way to comply with the formatting specifications of conference papers is to use this document as a guide and
directly enter your text into it. The CPS co-simulation framework mainly includes a computer-aided system to allow a
competent interaction between SCANeR studio and MATLAB/Simulink. An arranged of computational methods is in
charge of adapting and transferring sensory information from SCANeR to MATLAB and vice versa. The move of data
is carried out by means of different functionalities available in SCANeR studio.

The co-simulation framework is implemented using the program developer kit of SCANeR. For instance, C, C#, C++,
LabVIEW, MATLAB / Simulink or Python are used to create the functions available. Components like LiDAR, cameras
with stereo vison and 3D capability and GPS sensors can be emulated with this software. A co - simulation system which
has two modules is also introduced in this paper. The very first module is using SCANeR to create several 3D traffic
scenarios consisting of different nodes belonging to those networks. With three basic approaches focused on artificial
intelligence, the second module (i.e., artificial neural network, self-organized map and support vector machine) is
implemented in MATLAB/Simulink. From data cloud points generated by virtual sensors in the CPS, a classifier is then
extracted (Figure 2). Also, in real time, MATLAB/Simulink can quickly communicate with SCANeR Workshop, thought
of as a software development kit (SDK) module. The main purpose of the classifier method is to detect different and
multiple obstacles all at once in various traffic scenarios.

11.1 SCANER STUDIO MODULE

In the virtual world, SCANeR is used as it is a modelling engine for automotive applications. Using the SDK tool, the
capabilities of SCANeR can be expanded into an interface for third party modules.

1
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Figure 2. Architecture of the co-simulation framework
I11.1.I TRAFFIC SCENARIO IN 3D FORMAT
To simulate the behaviour of the sensor networks in a virtual environment, in CPSs for driver-assistance systems, a 3D

traffic scenario can be developed. A basic scenario, for instance, may be made up of elements that reflect an urban
landscape (Figure 3a).
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Figure 3. Scenario of traffic in SCANeR. (a) Bird's eye or ariel view of the simulated scenario; (b) models of vehicles
and simulated CPS; (c) configuration of sensors.
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Furthermore, each vehicle model represented in this simulation tool can be equipped with specific sensors and actuators
models (Figure 3b). Furthermore, a control architecture can be included in this simulation tool. With regard to example,
this structure can be depending on a fuzzy reasoning controller that handles individual actions on the throttle, braking
system and steering wheel, from sensory information.

IL1.11 CPS COMPONENTS’ VIRTUAL MODES

In order to equip vehicles with these on-board sensors, various sensors can be depicted (Figure 3c). In order to simulate
the behaviour of virtual sensors or actuators in the CPS, sensor networks may therefore be developed. The co-simulation,
including new features, makes for new designs. For example, the key steps such as pre - processing (incorrect scan
points), segmentation (clustered point clouds), and classification (object-type detection) and feature extraction
(recognition features for each scan) can be planned, conditioned and customized for the LiDAR sensor present on the
chip.

11.11 MATLAB OR SIMULINK MODULE

The second module includes a library and classification models, implemented in MATLAB/Simulink, in order to identify
different object types. The architecture consists of an information database and a library of three approaches based on
artificial intelligence by nature (i.e. NN, artificial neural network, self-organized chart and support vector machine),
although this library can be enriched at runtime from data received by all nodes that make upward the virtual misfiled
network. The useful blocks are dispersed in several nodes in accordance to their functions. The distributed mobile nodes
are usually in cost of capturing physical data and run the classification with the required precision, whereas the key
stationary node incorporates the developed runtime model, the library and the knowledge data source. The flow plan of
the treatment is shown in Figure 4. The particular distributed mobile client is also constructed by the “cloud point” block
that includes the guests grid generation and segmentation of surface plane and local obstacles. These nodes also include
the classification block for object point recognition and show extraction of ground plane and local obstacles. These types
of nodes also include the classification obstruct for object point detection and extraction of features.
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Figure 4. Flowchart of procedure in classification methodology for object-type recognition.

On the contrary, for certain classification models, the main static node includes the library which is default. Later,
simulating the process can enrich the library. In every interaction between sensors and the obstacle-detection procedure,
new traffic situations are generated by providing new clouds of points (environment information). The library conducts
aconcurrent learning process for all classification models dependent on this continuous information flow and the previous
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classification (knowledge database) to achieve a customized environment for each specific scenario. Finally, once a new
best configuration is yielded, the corresponding classifier in the distributed mode is then of ground plane and nearby
obstacles.

Followingly, the recommendation to choose the best classifier model used in the library is taken by all virtual ones, while
the key static node includes some classification nodes in the default library, but some of them have not yet independently
detected a decline in their respective models. After this, the library can be enriched by simulating the procedure. New
traffic situations are classification performance metrics. In each relationship between obstacle detection, the performance
metric chosen to determine the accuracy of the created provision of new clouds of points (environment information) is
the correct classification samples or correct pace (CCR). This performance metric is the protocol for sensors and obstacle-
detection. Based on this continuous flow of information, and determined from the best approximation of each instance's
classification in the test collection. Following, the respective library then performs a parallel learning process in the
previous classification (knowledge database), expected classifications are compared to the real classification values to
determine the actual accuracy. To achieve a customized environment for each individual situation for all the classification
models. Finally, with the success of classifier models, this often creates an information index. In this way the best models
for each weather state can be documented until the latest best configuration is given, the corresponding classifier in the
distributed mode. The MLP, multi-layer perceptron neural network; SOM, self-organized map are three techniques
introduced in the library and revised; and the decision to pick the best classifier model used in the library is taken by all
virtual SVM, support vector machines.

In pattern recognition and simulation, MLP is one of the leading and most investigated topologies in artificial neural
networks. The most famous supervised algorithm for learning is the backpropagation of errors. In a perceptron, the
operation is defined by the formula:

n
y=1f (Z Wpixi + 1’}’) ; (1)

i=1

where f is a step function showing discontinuity; bp is the bias value or the threshold value; Wp is the synaptic weights;
n being the number of neuron inputs; x are the input signals; and y is the value of the neuron output. The steepest descent
is added to the training algorithm for as:

ol
dWpn’

AWP" = —a (2)

where the nth weight update of A Wp" and the learning rate is o. If any stopping conditions are satisfied, this process is
repeated. With gradient descent, a big difficulty is that it quickly gets caught in local minima. The addition of a
momentum concept that essentially adds inertia to the movement of the algorithm across weight space will alleviate this,
thus speeding up convergence and escaping local minima:

oL
oW pn’

AWp™ = mAWp" 1 —« (3)

where m is the parameter of momentum.

SOM - self-organizing map refers to unsupervised learning approaches, such that, each input is not aligned with explicit
target outputs, and the purpose is to construct representations of the input that can be used for decision-making. The SOM
mapping is performed by feature vectors linked to each node, Swami= (WsomZli, Wsom2i,..., Wsomn). The following is
a sequential summary of how to train a Kohonen SOM:

1. Initialize all weights randomly;
2. Random collection of the operating point (OP) in the training set;
3. The winning output unit is then chosen, with the biggest similarity to measure differences between all the weight
vectors and X, the operating point. The equation below is fulfilled by the winning unit:

|x — Wsoni¢| = min|x — Wsom|. (4)
4. Define the neighbourhood of the winner, by using a neighbourhood function Qc(i) around a winning unit c. For

instance, The Gaussian equation, for example, can be used as the neighbourhood function as follows:
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. (= lpipel )
Qc(i) =exp' 272 7, (5)
where the positions of the output units i and ¢ respectively, are p; and pc and ¢ represents the neighbourhood set. The
weight vector wc of the selected neuron and the vectors wi of the neighbours are up to date in compliance with the
following procedure after the description of the neighbourhood functionality:

AWsomi = a - Qc(i) - (x — Wsom;). (6)

5. Finally, if the neighbourhood function is bigger than the allowed error, go to 2; else, stop.

In order to achieve convergence, the learning rate and the width of the neighbourhood of the winner neuron must shrink
to zero with time. A primary problem of the SOM formula is the fact the quantity of training steps of the concurrence
phase must be set a priori, and therefore, must be set to a huge value in order to ensure concurrence. Ultimately, a category
of supervised learning approaches strongly cited in signal and image detection tasks are SVM - support vector machines.
A Kkernel function (K) K: R™ x R" — R can be described as:

K(Xi, X)) = p(Xi) ¢ (X;), 7)

where X is a text pattern and f is the representation of the mapping. Given, the classification function for, a matrix X, can
be represented:

K(Xi, Xj) = Y Ws'¢p(X;) + bs, (8)
X;€eS

where Ws is the weight and bs is the support bias, S is the set of supported vectors. For nonlinear decision-boundary
spaces, in particular, the Gaussian kernel is one of the most recorded SVM techniques in the literature.

i)

K(XI,X]) = ez (9)

These approaches are without a doubt, effective instruments to carry out pattern classification for the identification of
obstacles. Nevertheless, the design, simulation and implementation of effective solutions beyond the academia is still
challenging for researchers and engineers. After all, because of the high costs of collecting actual data from practical
situations in specific driving and traffic settings, co - simulation environments play a crucial role.

1. CASE STUDY WITH A SENSOR NETWORK IN CPS FOR
DRIVING ASSISTANCE: LIDAR ON - CHIP AND GPS SENSORS

A specific driving-assistance scenario is defined in order to judge also to validate the proposed co-simulation framework.
The scenario imitates an existing layout consisting of a test track (main crossing traffic lights, a roundabout and additional
key straight curves) simulating an urban setting, a fleet of six fully autonomous vehicles (distributed mobile nodes) and
a main or main static node, the communications tower. A LiDAR sensor is modelled in this case, precisely the 4-layer
type Ibeo Lux. The characteristics of this sensor can be found in Table 1. The parameters for the LiDAR are the inputs
to the sensor model and the outputs of the LIDAR model are the distances between the detection points in relation to the
vehicle location. Furthermore, the relative localization (X, Y, Z) of the identify points are outputs to the sensor model.

Table 1. Sensor model configuration; specifications for the synthetic CPS sensor (model inputs).

Specifications or Inputs Ibeo Lux 4 Layers
Vertical field 3.2 deg.
Vertical step 0.8 deg.

Horizontal field 120 deg. (35 to 50 deg.)
Horizontal step 0.125 deg.
Range 200 m
Update frequency 12.5 Hz

In addition, a DGPS 20 Hz receiver (Trimble BD960) is also modelled to assess the vehicle localization within the
scenario. The performance of this model in this model configuration is the global coordinates of the position of the vehicle
(latitude, longitude and altitude). The three vehicle versions combine all sensor models.
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Once the CPS is defined, the next step is to define the object type to be recognized in this particular simulation scenario.
The virtual sensors mentioned earlier are incorporated in all vehicle models included in this scenario (Figure 5b), and can
find different types of static and dynamic objects as obstacles—Seen from numerous directions and distances by trees,
road signals, traffic lamps, cars, motorcycles and pedestrians. For the sake of clarification, only pedestrians were
considered in cases like this study among typical trends in a real driving-assistance situation, such as highways, lane
markers, traffic signals, cars, people, thus on, only pedestrians were considered in cases like this study. The particular
schematic diagram of the process to find an obstacle for one virtual messfiihler in this specific use case is represented in
Figure six.
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Figure 5. (a) A Bird’s eye or aerial view of scenario simulated by the CPS; (b) A model of vehicle that is fully
automated.
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Figure 6. Obstacle detection close-loop for each virtual CPS sensor
I11.1 SETUP FOR THE EXPERIMENT

The first step for implementing the obstacle-recognition library is to create a training data established from the
information collected by digital sensors using the Oktal SCANeR facilities software v1. six. The scenario simulated was
created with 3 completely autonomous vehicles (distributed mobile nodes) with special sensors on board. To be able to
obtain the data set required to generate the category models, data obtained from the LIDAR model (SCANeR module)
were delivered to the MATLAB/Simulink module where these data were filtered, pre-processed and recorded. In this
treatment, four hours of data provided by these sensor models were recorded. Nevertheless, during the approval and
examination of the obstacle-recognition collection in the MATLAB module, these models were applied to identify and
sort out obstacles. The evaluation involves a data-processing algorithm which will begin with fitting the ground plane.
This is necessary to search the earth airplane and remove ground-plane points, employing a RANSAC algorithm. It is
important to remember that the weather considered during these simulations is a sunny day.

The next phase during the data-processing algorithm is to extract the factors that correspond to local obstacles related to
specific point-cloud sequence. Each check of LiDAR is stored as a 3D point impair. In order to process the sensory data,
fast indexing and search abilities are required. The procedure is performed by means of “point Cloud objects” from the
perception with the Computer Vision toolbox, which internally organizes data utilizing a k-d tree structure. Three subsets
of the experimental population were given for preparation (70 percent of total samples), validation (15 percent) and
testing (15 percent) after data processing. For manually labelling the most relevant objects from the sensory information,
the frames captured by another model messfiihler have been used. This model messfiihler is a stereo system vision
camera, the specifications which are colour, 0. 7 MP; resolution, 1032 x 776; and 20 FPS. The particular methodology is
founded on deciding the region appealing in which the object to be classified is found in the image taken by the camera.
On the other hand, the point cloud provided by the LiDAR is projected onto the image employing a organize
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transformation, in support of the points within the region of interest are selected. The particular full dataset includes 1500
data subsets divided into 1050 segments or data subsets for training the classifier, 230 segments for validations and 230
sections for testing. The particular training part of the dataset includes 525 segments personally labelled positives (class-
1 pedestrian detected) (LiDAR cloud points sections of pedestrian in upright entire body) and 525 sections without
pedestrian proof (class-0, no recognition of pedestrian). Rather, the validation part of data established contains 110
segments of positives and 110 negatives, also labelled (class-1 and class-0, respectively). Segments of the training and
validation dataset contain 18 samples for the input with the corresponding output (class label) for every single
observation. Therefore, a matrix for every single subset with n rows by 19 columns is generated, where n is the number
of observations corresponding to each set.

111.11 LIBRARY OBSTACLE-RECOGNITION FOR INITIAL AND TRAINING TEST

Mentioned before, the library in the beginning consists of some classification models automatically, and later, the
information will be enriched in the runtime during the process simulation of the scenario. With this particular use
situation, three techniques are then considered, that is, a multi-layer perceptron neural system, a self-organization chart
and a support vector machine. The particular main rationales for their selection are their solid numerical foundations,
demonstrated capability in modelling in complex scenarios and a variety of successful programs. The data sets previously
filtered and pre - processed (a point cloud) corresponding to the measurement given by the LiDAR each and every
sampling time, are the inputs of three classification models. Every dataset contains 18 input samples fed into the model.
This maximum value of each dataset (i.e. eighteen samples) is selected from simulations on the basis of the minimum
number of samples that provides the necessary location information using the LiDAR. Contrary to this, there is a specific
classification model output that refers to the recognition of the object, that is, whether or not the object observed is a
person. The very first approach was an MLP, multi - layer perceptron neural network with an 18 - neuron input layer, a
40 - neuron hidden layer, and a singular - neuron output layer and a linear activation function. For training the model, the
approach being used is gradient descent with backpropagation of momentum and adaptive learning rate. 10 - 7 and 10 -
8, respectively, were the original values of the learning rate and output goal. During 50, 000 iterations, the network was
trained, during which it achieved a best output of 0. 0216 and a regression 0. 0021. The A mean square error (MSE) value
of 0.0. is set using the validation set. Classification of samples or correct rate (CCR) equal to 95 is 0.0409 and correct as
well. They hit 91 percent in this prospect. A self-organizing map technique is the second tool for the obstacle-recognition
library. In particular, a topological feature was used that generates neurons in an N-dimensional random pattern, and the
dimensions were 22 x 2. The Manhattan function was eventually introduced as a distance function.

In addition, an input weight equal to the number of observations in the courses set was arranged, that is, watts = 1050.
The particular network was trained during a cover step of ten, 000 and an initial neighbour size of 4, after which it reached
an MSE of 0. 132, and a CCR equal to 89. 55 percent was reached using the validation set. Eventually, in the library, a
SVM, support vector machine was also installed. his nonlinear classifier uses a function of the Gaussian kernel with a
scale of s = 0. 94 for a box limit of 9.78 x 104. During 1255 iterations, the supervised learning system was learned, until
its convergence gradient ratio reached less than 0. 001. The MSE of 0.0636 was the findings obtained during validation
with a CCR of 93.64 percent. Figure 7 displays the performance of the classifiers of the three models vs. the classes
observed using the set for validation. The classifiers' output is whether or not the detected object is not a pedestrian (class
0) or indeed is a pedestrian (class 1). The classifiers have shown excellent output indices, while MLP, led by SVM, was
the smallest error and the highest number of correctly categorized instances, and finally, SOM had the worst score. This
analysis is not definitive and thus replication for an undisclosed data set (using more performance indices) is needed in
order to make comparative studies between three classifiers much more accurate.
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Figure 7. Affirmation by the validation does help in the detection and identification of people or entities. (a) MLP; (b)
SVM; and (c) SOM; respectively.

11T FINAL CONFIRMATION OF THE COLLECTION OF OBSTACLE-RECOGNITION
The present testing, arranged in sunny weather conditions, contains 230 segments (i.e. two hundred and thirty data subsets
of 18 samples) and detailed réflexion about the pedestrian looks (in phrases of occlusion), namely: occluded / partial

people (class. -0) and entire-body pedestrians (class-1). Table 2 provides a description of the research dataset.

Table 2. Implementation of obstacle - recognition library for the training and testing set of the dataset.

Full Data Set Training Set Validation Set Test Set
1500 divisions 1050 divisions 220 divisions 230 divisions
Positive Negative | Positive Negative | Positive Negative | Positive Negative
750 750 | 525 525 | 110 110 | 115 115

In the validation test study, six output indices were considered on the basis of the experimental run as follows: proper
sample classification or right rate (CCR), wrongly categorized examples or error rate classifiers (ECR), mean absolute
error (MAE), underlying mean squared error (RMSE), absolute error of the family member (RAE) and squared error of
the primary family member (RRSE). Table 3 lists the outcomes of the classifiers (MLP, SVM and SOM).

Table 3. MLP, SVM and SOM Comparative Analysis.

Performance Index or Approach MLP SVM SOM
RMSE 0.321 0.292 0.310

RRSE (%) 9.574 7.53 8.44

RAE (%) 23.44 18.49 18.6

MAE 0.14 0.1 0.11

CCR (%) 88.39 91.66 91.91

ECR (%) 11.91 8.74 9.21

The use of the MLP produced 23. 64% of RAE. On the contrary, SVM and SOM achieved good accuracy based on the
RAE criterion, although not much lower in percentage than the MLP mistake. This good behaviour seemed to be endorsed
with high appropriately categorized sample rates of 91. 36% and 90. 91%. Nevertheless, SOM and in particular SVM
failed to significantly outperform MLP with regard to all figures of merit considered in this study. This should be
mentioned this study was performed in good climate conditions.
V. RESULTS ON OTHER WEATHER CONDITIONS

Additional fresh tests, for analysing the co-simulation platform and the performance of the collection for obstacle
recognition in several weather conditions, were also conducted. Sunny, foggy, damp and snowy conditions were taken
into consideration in the conducted research. The particular simulation time (2 h) for each and every single the weather
is the same for digital detectors in the CPS. All digital items and the related positions are formerly set. A few of these
powerful objects in the scenario are 205 pedestrians, ten bikes, 60 bikes, 213 small and medium vehicles, and 20 trucks.
The particular goal is to examine the accuracy for detecting and identifying pedestrians irrespective of the other hurdles
which is often recognized however, not classified in this case research. Another test organized was developed for each
and every single weather condition (sunny, foggy, rainy and snowy). Every dataset includes 1010 samples, 205 pedestrian
detections favourably classified and 805 adversely labelled. Three classifiers for the provided four datasets were also
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tested. The right sorting samples or proper rate (CCR) and wrongly graded examples or error rate (ECR) were also
measured to analyse the output of the classifiers.

In addition, other output measures, such as properly classified positive samples/true positive samples or sensitivity (Sn),
correctly classified negative samples/true negative samples or specificity (Sp), correctly classified positive
samples/positive classified samples or positive predictive value (PPV), Sn/(1 - Sp) or positive likelihood (PL), correctly
classified negative samples/negative classified samples or n were also regarded (NPV), (1 - Sn)/Sp or negative likelihood
(NL). For the four weather conditions (WC), the corresponding output indices (PI) are shown in the table below, Table
4.

Table 4. Comparative study of methods based on artificial intelligence algorithms under various weather conditions.
PI/WC Sunny Foggy Rainy Snowy
MLP | SVM | SOM | MLP | SVM | SOM | MLP | SVM | SOM | MLP | SVM | SOM
CCR (%) 87.9 | 88.92 | 82.79 | 86.4 | 82.75 | 81.79 | 80.21 | 82.4 | 80.4 | 62.42 | 77.23 | 79.99
ECR (%) 12.45 | 14.6 | 18.99 | 14.02 | 16.8 | 18.76 | 31.23 | 18.56 | 19.93 | 37.28 | 24.57 | 21.13
PPV 97 96.8 | 99.01 | 96.12 | 94.2 | 98.45 | 92.4 | 89.06 | 98.07 | 82.41 | 83.47 | 99.24
NPV 65.9 | 66.2 | 52.02 | 58.56 | 54.3 | 52.4 | 47.22 | 52.03 | 51.22 | 26.31 | 39.32 | 50.42
PL 8.194 | 7.2 231 | 4978 | 43 | 25.79 | 3.005 | 2.135 | 12.91 | 1.342 | 1.49 | 16.46
NL 0.329 | 0.22 | 0.312 | 0.182 | 0.201 | 0.341 | 0.839 | 0.423 | 1.322 | 0.96 | 0.495 | 0.352
Sn 0.986 | 0.887 | 0.868 | 0.812 | 0.923 | 0.876 | 0.967 | 0.672 | 0.899 | 0.88 | 0.896 | 0.816
Sp 0.988 | 0.698 | 0.99 | 0.798 | 0.859 | 0.98 | 0.572 | 0.829 | 0.709 | 0.89 | 0.339 | 0.851

There is a strong trend to decrease the number of correctly identified incidents in the case of CCR due to the intervention
of factors of weather and climate as well in the fields of view of the sensors which further complicates the processing.
SVM and MLP especially have demonstrated better outcomes than SOM in foggy and sunny environments. Nevertheless,
compared to SVM and particularly SOM, MLP showed a more apparent deterioration with regard to the adverse weather
conditions. These two maintain more stability irrespective of the weather conditions. In reality, in the most severe weather
conditions (snowy) with the highest specificity value (Sp), SOM outperforms other topologies. On the contrary, SVM,
support vector machine produces the best classification in weather conditions for rains, while the results are worse in
foggy and sunny conditions in comparison with MLP, multi - layer perceptron. The PPV, CCR and Sp operations of the
3 classifiers with regard to the various conditions of the weather are as shown in Figure 8.
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Figure 8. Performance metrics or indices for each classifier with respect to climate conditions and its behaviour. (a)
CCR; (b) NPV; (c) Sp; respectively.
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It is obvious that the greatest classifier differs based on the climate conditions. The classer depending on MLP acts much
better than SVM plus SOM for sunlit and foggy problems, whereas for wet conditions, the SVM-based model is the
particular most appropriate. Nevertheless, for the majority of extreme climate conditions, (snowy), the SOM-based
classer is most appropriate. Overall, the SOM-based classifier depicts probably the most regular behaviour below all
weather problems.

V. CONCLUSION

This particular work presents the library of synthetic intelligence-based methods with regard to the obstacle recognition.
The library will be composed by the particular three methods: the multi-layer perceptron nerve organs network, a self-
organizing map and a support vector machine. Based on sensory data generated by a simulated sensor network in a cyber-
physical environment, the library is implemented into a co-simulation paradigm for obstacle detection. Using SCANeR,
this co-simulation is intended and designed to reflect and simulate the behaviour of a cyber-physical device.

In a specific use case constructed from two types of sensory data (LiDAR on - chip and GPS sensors) within the given
scenario, the entire device is evaluated. The basic comparative analysis illustrates that effective approaches for pedestrian
identification are the proposed obstacle detection strategies. During the training and validation testing procedures of the
particular classification models being executed, the specific best result with MLP, multi-layer perceptron and SVM,
support vector machine was obtained, but SOM, self-organizing map, struggled to do sufficiently badly to be thrown
away from future studies.

Additionally, a second study may also be conducted, which involves taking sensory data generated by sensors in the
midst of different climatic conditions. Both approaches are capable of accurately classifying pedestrians in this unique
second assessment. In sunny and foggy settings, Multi-layer perceptron offers very good outcomes, but at the same time
has a propensity to deteriorate its output in cloudy and snowy conditions. In rainy conditions, the help vector machine
often provides the best outcome. The SOM, self-organizing diagram, on the other hand, generates the worst merit
estimates, indicating a more normal output from data generated by all virtual LIDAR sensors on the chip.

The findings of this research do confirm the high effects of environmental and weather conditions on the accuracy of the
classifiers for the identification and registration of pedestrians. Some programs are now focused on highly automatic
cyber-physical structures in different fields, with a heavy focus on cars and transport. In order to choose the best technique
among those obtainable in the library in each individual case, further study would concentrate on a good optimal tuning
of the library methods as well as the improvement of the self-organization protocol.
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