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Abstract: As and when the automated driving systems are
becoming more intelligent, concerns about their safety and
reliability in the real world are becoming more prominent. In the
lane changing scenario where the vehicle is in the interactive
highways the right decision must be made for changing the lane.
The behavior of the surrounding vehicles might be highly
unexpected, especially when the vehicle is in an interactive
environment like a lane changing scenario. Therefore, a safe,
smooth, and efficient lane change maneuver is an essential task
for automated vehicles. This paper mainly focuses on how
Model Based Systems Engineering (MBSE) approach is applied
to Lane Change Decision Aid (LCDA) systems and visual
analysis of two case studies of lane changing scenarios that are
carried out which helps for a better understanding of how LCA
works.
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1. INTRODUCTION
A Model Based Systems Engineering (MBSE) is a
formalized methodology that is used to support the
requirements, design, analysis, verification, and validation
associated with the development of complex systems [17].
Since its introduction in the International Council of
Systems Engineering (INCOSE) Systems Engineering
Vision 2020 in 2007, many organizations have adopted
components of MBSE to improve their systems engineering
practice. MBSE is still being used in areas inside
enterprises and unevenly across industry, according to the
Systems Engineering (SE) Vision 2025[19]. When the
MBSE approach is used early in the project, it results in a
more efficient and cost-effective outcome.
One of such complex systems is the Lane Change Decision
Aid System which is an active safety mechanism that alerts
the driver of the subject vehicle to the risk of a collision.
On highways and arterial roads, a Lane Departure Warning
System (LDWS) is a mechanism that warns the driver when
the vehicle starts moving out of its lane. These technologies
are intended to reduce collisions by tackling the three major
causes of fatalities: driver error, interruptions, and
tiredness.
Advance Driver Assistance Systems (ADAS) and
Intelligent Transportation Systems (ITS) technologies are
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developing, and it is a widespread concept in the
automotive industries. According to NCRB data overall
India recorded 3,74,397 accidental deaths last year. Out of
which 13.2% of cars, 12.8% of trucks, and 3.1% of buses,
respectively. The NCRB data showed that more than 60%
of road accidents were caused due to over speeding,
accounting for 75,333 deaths and 2,09,736 were injured
[16]. ISO 17387 is an International Standard for Lane
Change Decision Aid Systems for following the protocols
and adhere by the standards. If the standards are not met,
then there is a high accident risks and damage to the driver
and car.
As shown in figure 1 intelligent vehicle or the subject
vehicle is the one where the radar is embedded in it. The
lane border is where the lane change occurs. The vehicle
optimal path is the one where subject vehicle takes it when
changing the lane. Reference path is where the obstacle is
moving.

Figure 1 Schematic of lane change maneuver

The distance parameters are Lo which is the Ego vehicle
optimal path in lane change and L is the distance between
Ego Vehicle and Target Vehicle.

2. SYSTEM MODEL
2.1 Generalised V- model architecture
The term V Model has been widely used in a variety of
fields to aid in the development of complex systems,
lifecycle models, and project management.
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The left side of the V cycle is the system development
phase, and the right side of the V-cycle is the system
validation phase as shown in figure 2. The left side of the
V-cycle i.e., requirement analysis is verified by the system
testing on the right side of the V-cycle.
Throughout requirement analysis phase of the system
development, LCA requirements are elicited/written. This
phase entails extensive communication in order to fully
comprehend the customer's expectations and requirements.

Figure 2 First stage of V cycle

During the System Validation Phase, LCA System Test
Plans are created. System testing ensures that an application
developer's expectations are met.
2.2 System Design Methodology
The design workflow is shown in figure 3. It contains six
stages. The first stage of the project begins by doing
feasibility study of LCA. It primarily covers the need of
LCA, how does a lane change occur and how accidents are
happening due to unsafe lane changes.

next stage if all the requirements are agreed by the
stakeholders.
The fourth stage entails categorizing and populating the
requirements with system validation criteria at various
levels. The fifth stage involves writing test criteria
validation in the fields of requirements, correcting any test
failures, and repeating the procedure until all test criteria
have been validated. The stakeholders approve the LCA
parameters in the sixth and final stage, using the test criteria
provided with each LCA need.
2.3 LCA Feasibility Study
Lane Departure Warning (LDW) systems keep track of
where the vehicle is in relation to the lane boundary. The
system alerts the driver when the car is in danger of
departing its lane accidentally. Lane Change Assistant
(LCA) systems monitor the adjacent lanes and will inform
the driver if a lane change maneuver is undertaken, and the
system identifies a vehicle in the next lane.
Whenever the lane change is about to happen the functional
elements such as the current speed of the vehicle, whether
the turn signals has been turned on, lane boundary sensor
will be activated, and the warnings will be provided to the
driver with the help of visual status indication in the driver
vehicle
interface.
LCDA
systems
performance
requirements and test procedures falls within the ISO
17387 standard. The LCA system state diagram is shown in
the figure 4.

Figure 4 Lane change assistant system state diagram (ISO
17387:2008) [26]

Figure 3 Design workflow

The second stage involves eliciting and analysing LCA
requirements, which is followed by requirement validation
in the third stage. If any deviations are discovered while
validating the requirements, they are resolved by analysing
the stakeholders' review comments. It will be proceeded to
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There are two main states in LCA system state diagram
active state and inactive state. When the activation criteria
met LCA system moves from inactive state to active state.
In the active state there will be a non -warning state and
warning state. When the warning requirements are fulfilled
the LCA moves from non-warning state to warning state. In
the warning state there will be a Level-1 warning state and
Level-2 warning state. When the evaluation criteria met for
Level-1 warning state it goes to the Level-2 warning state.
LCA is a feature of the rear corner radar. The ego vehicle is
where the rear corner radar is mounted. The subject vehicle
is the one where it enters the coverage zone of the ego
vehicle.
Blind spot analysis alone might not be sufficient to protect
the driver against a bad choice of a lane change maneuver.
Page 28

International Journal of Emerging Trends & Technology in Computer Science (IJETTCS)
Web Site: www.ijettcs.org Email: editor@ijettcs.org, editorijettcs@gmail.com
Volume 11, Issue 4, July – August 2022
ISSN 2278-6856
Fast moving approaching vehicles may pose a potential
threat for a lane change as well. LCDA systems not only
monitor the blind spot areas but also further behind the
vehicle to each side, to detect approaching vehicles that
may cause a problem when changing lanes.
2.4 LCA Requirements Development Phases
The detailed phase of LCA requirements and how it is
linked and traced back to the preceding stages is shown in
figure 5.
The first phase consists of elicitation of LCA requirements
which includes writing, defining, and structuring. The
second phase consists of branching of requirements and
implementing requirement baseline.
The third phase consists of requirement specification and
analysis which tells the complete description of how the
system behaves or works. The requirements loop is traced
back to the first phase if there are any deviations. Then the
requirements review is done until all the requirements
which is sent for review should be agreed otherwise it is
traced back to the second phase where the requirements
elicitation process is carried out again.

The fifth phase is traceability of requirements which the
requirements which are traced back to the stakeholder
requirements which allows monitoring of requirements and
control across the project lifecycle.
2.5 LCA Feature Validation
System testing is a type of software testing that is carried
out on an entire integrated system to assess the system's
compliance with the appropriate requirements.
The figure 6 shows workflow for the validation phase in
system testing.
Initial stage consists of cloning from the git repository of
the radar project and then compiling and building of the
radar code to generate SIMS file for the rear corner radar.

Figure 6 LCA Validation workflow

Figure 5 LCA requirements flowchart

The fourth phase is validation of requirements where
requirements will be valuated with the stakeholder needs
otherwise the validations can be corrected through the
validation loop which traces it back to the third phase.
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Radar collected data will be in the form of raw CVW files
and along with the generated SIMS file, both are regressed
with the regression tool. The output of the regression tool
generates two files: Regressed CVW file and mat file. The
regressed CVW file is visualized in the communication
visualization tool and the mat file analysis is done in the
MATLAB tool.
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3. NUMERICAL SIMULATIONS
The results for the visualization part is done in
communication visualization tool and the mat file analysis
part is carried out in the MATLAB tool.
3.1 Visual analysis of CVW file – Case Study 1
In the case 1 scenario the ego vehicle is overtaking the
target vehicle. When the subject vehicle overtakes the
target vehicle it is called as active overtaking. Initially the
subject vehicle will be behind the target vehicle in the same
lane and the subject vehicle moves to the adjacent lane and
overtakes the target vehicle.
Figure 9 Plot of LCA warning level in case 1

Figure 7 Visual data of case 1 in communication visualization tool

LCA TTC is a time constant which tells the time to cross. If
the track is valid then the TTC will be returned in
milliseconds. If the track is invalid, then TTC will be
returned as 0. The value of the plot LCA TTC with frames
along x-axis and time along y-axis is shown in figure 10
where its value is generated as 66.5 msec.

The ego vehicle which is passing by the target vehicle
can be observed in the frame number 1530 which can be
observed in the figure 7. The rear corner radar detects the
vehicle which is in the adjacent lane. The rear corner radar
mounted on the ego vehicle will constantly monitor the
blind zones of the car. The rear left and rear right corner
radars will actively cover the rear zones of the car.
The corresponding analysis is carried out in MATLAB.
The BSM active plot will explain when the BSM state will
be active. The plot is shown in figure 8. It will be in active
state between 1500 to 1600 frames.
Figure 10 Plot of LCA TTC in case 1

The parameters of LCA are visually analysed in
communication visualization tool and plotted in MATLAB
for the case study 1.
3.2 Visual analysis of CVW file – Case Study 2
In the case 2 the target vehicle is overtaking the ego
vehicle. When the target vehicle is overtaking the subject
vehicle, it is called as passive overtaking. Initially the target
vehicle will be behind the subject vehicle in the same lane
and the target vehicle moves to the adjacent lane and
overtakes subject vehicle.
Figure 8 Plot of BSM active in case 1
The LCA warning level which consists of 2 warning levels
where in this case the LCA gives fist warning level 1 and
then transitions to warning level 2 in between 1500 to 1600
frames that can be seen in the figure 9.

Figure 11 Visual data in case 2 in communication visualization
tool
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The target vehicle passing the ego vehicle and its
visualization can be seen 1379 frame in figure 11.
The plot shown in figure 12 BSM active will be in
active state between 1250 to 1550 frames with frames along
x-axis and levels in y-axis.

Three parameters of LCA are visually analysed in
communication visualisation tool and plotted in MATLAB
for the case study 2.

4. CONCLUSIONS
This paper explains the MBSE approach and how it is used
for the LCA requirements development and validation of
LCA requirements along with meeting the lane change
standard ISO17387. MBSE approach is applied for the
project because it cuts the development and time costs.
LCA requirements elicitation and analysis process is done
in the requirements tool and system testing part is carried
out in the communication visualization and MATLAB
tools. The LCA feature where the two-case study are
visually analysed, and the results are discussed in detail
where the simulation results suggest that the strategy
proposed in this paper may safely and seamlessly enable
the vehicle to meet the lane change requirements.

Figure 12 Plot of BSM active in case 2

In the case 2 plot of BSM active with frames along the
x-axis and warning levels in y-axis.as shown in figure 13
the LCA will give warning level 1 only and not warning
level 2. The warning requirements to go to level 2 for this
case have not been met therefore the warning level 1 be
given as the output.

The complexity of the lane changing scenarios relies on
many factors which gives lot of other key performance
parameters to investigate. In the future it is necessary to
look into other conditions and test cases of the lane change
and meeting the lane change standards for that will make
the lane change decision aid systems superior.
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Figure 13 Plot of LCA warning levels in case 2

Figure 14 shows the plot of LCA TTC for case 2 and it
is generated as 65 msec with frames along x-axis and time
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Figure 14 Plot of LCA TTC in case 2
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