
[20]. Now, by using a high-fidelity simulator we can 
simulate different scenarios close to real life in order to 
evaluate the control algorithm performance and safety. In 
terms of defining these scenarios, SVL provides a Python 
API for spawning different objects such as cars and 
pedestrians inside the virtual environment with different 
motion plans. 

Figure 5 shows iseAuto facing a stopped Non-Player 
Character (NPC) vehicle that is spawned in front of the AV. 
Picture (a) is inside the SVL environment while picture (b) 
illustrates the lidar perception of the environ ment in RViz 
visualization tool. There is no filtering applied on this 
point-cloud; therefore, everything is mixed together and it 
is hard to distinguish objects for later processing. One of 
the challenging topics of self-driving development is 
overtaking. The way that the AV should decide for this 
mission and the risks that it faces are under study. Our 
experience with the vehicle trying to pass a stopped NPC 
or an object has led us to focus on this topic more. In this 
way, simulations can help first to improve our perception 
and detection system, and then to improve the mission and 

motion planning for a safe overtake. The first steps for 
detection are filtering and clustering the point-cloud. 
Autoware has some predefined features for them. One 
common point-cloud filtering is ground removal, in which 
some part of the point-cloud defined as ground will be 
separated. Each lidar point-cloud can be filtered separately 
or once after concatenation with other lidars. Filtering 
parameters have an intensive effect on the detection result. 
Sometimes losing 10 to 20 points due to the improper 
filtering will result in the object not to be detected. 

Filtering and clustering are illustrated in Fig. 6. 
Filtering was applied to Fig. 5b. As a result, the ground, 
which can be seen in the figure, is almost removed from 
the point-cloud (see Fig. 6a). However, the NPC points 
remained and they were clustered as an object in Fig. 6b. 
Filtering accuracy results in high-performance object 
detection and safe decision making [21]. Figure 7 il lus -
trates how different ground filtering parameters can 
change maximum distance for detecting a stopped NPC 
in front of the AV shuttle, although both cases have similar 
clustering parameters. Figure 7b shows that the NPC is 
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Fig. 5. (a) SVL environment versus (b) Rviz point-cloud visualization. 

Fig. 6. (a) The ground filtering of the point-cloud and (b) applying of Euclidean clustering. 



detected by the AV shuttle from the distance of 32 metres 
but picture (c) demonstrates that the maximum distance 
enabling to detect an object has decreased to 18 metres. 
The more distance we have for detection, the more time 
we have for making a smooth control decision. In AVs 
with multiple lidars, filtering accuracy can be improved 
by performing it before point-cloud concatenation. 

 
4.1. Scenario  definition 
 
Scenarios are plans for studying simulations effectively. 
A good scenario generator can help to validate the whole 
control system faster in a more reliable way, guaranteeing 
to cover all the corner cases that might cause failure in the 
system. There are several methods for generating the 
scenarios such as human designed, grid search and opti -
mized searching. For example, in [22], the authors imple - 
mented a learning method to find safety-critical scenarios 
for specific tasks. In this paper, for showing the simulation 
workflow, two main and simple overtaking scenarios were 
studied. Figure 8 demonstrates two different situations in 
overtaking: scenario A shows a stopped car that is over -
taken by our shuttle while scenario B shows the same 
mission with an additional car, already starting to overtake 
the two others. 

4.2. Running  simulation 
 
In this section, the two described scenarios are simu - 
lated inside the simulator and shuttle behaviour is moni -
tored. 
● Scenario A 
In this scenario, the shuttle is passing a stopped vehicle 
by generating an alternative local waypoint. The over -
taking algorithm is enabled after the shuttle has detected 
an obstacle in its path. Five different frames of this 
scenario simulation are shown in Fig. 9. First, the AV 
follows the way and detects the obstacle (step 1), then 
stops 15 metres before the object (step 2) and generates a 
new waypoint (step 3). Then, it starts to follow the new 
waypoint, and finally, after passing the obstacle, it changes 
the lane back to the initial path (step 4) and continues its 
former route (step 5). 

By simulating scenario A several times in different 
areas, the overtaking algorithm for passing a static object 
was initially evaluated and verified. But to investigate 
more challenging situations, various road users such as 
other vehicles and pedestrians should be involved in the 
scenario. For this, another scenario was designed by 
adding another vehicle driving forward from behind in the 
opposite lane. 
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Fig. 7. Maximum distance for detecting a stopped NPC after filtration with different filtering parameters. 

Fig. 8. Two different scenarios for overtaking. 



● Scenario B 
Figure 8 shows the scenario B scheme, that a third vehicle 
is overtaking the shuttle and the stopped vehicle. It is 
expected that the shuttle prevents collision and considers 
the opposite lane traffic. Similar to the former scenario, 
five steps of scenario B are recorded in Fig. 10. As seen 
in the simulation, the AV reaches the static object and 

stops to prepare for overtaking (step 1). The moving 
vehicle is visible in the Rviz software (frame 1 image 
below) as a red point-cloud cluster. It is expected that the 
shuttle prevents collision and considers the opposite lane 
traffic while overtaking. In step 2 the shuttle starts to 
overtake and the new path is generated. Before the shuttle 
changes the lane, it meets the moving vehicle in the green 
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Fig. 9. Five different steps of the scenario A simulation in the SVL simulator (top) and in the Rviz (bottom). 

Fig. 10. Different steps of an overtaking process. 



area (collision area, any object inside it is an obstacle), 
then the shuttle stops before the collision happens. Finally, 
after the moving vehicle drives more than 15 metres along 
the green area, the shuttle starts to follow the route and 
changes the lane back to its initial path. 

This scenario was simulated with a different value for 
variables such as the speed of the moving vehicle and the 
lateral position of each vehicle on the road. The results 
recorded collision in some cases and investigations 
showed that due to the limited size of the green area and 
lack of an efficient motion prediction while shifting lanes, 
the AV can collide with other road users that are not 
considered. Therefore, using the current overtaking algo -
rithm without any added prediction feature is rejected and 
it is not safe to be implemented in the real shuttle. 
 
 
5. CONCLUSIONS 
 
Safety validation is crucial for most of the AV develop -
ments and deployments. The simulation as a validation 
approach presented in this paper offers a practical and 
effective way to evaluate the safety in different levels. 
This paper provides the simulation architecture of iseAuto 
with SIL testing, which shows how the virtual environ -
ment and vehicle model are used in combination with 
Autoware to simulate different scenarios. As an illus -
tration, two overtaking scenarios were studied and the 
control algorithm was examined based on its safe per -
formance. In conclusion, the development and utilization 
of this testing scheme will enable the development of 
safety improvement and autonomous vehicle perfor -
mance. 
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Autonoomse  sõiduki  turvalisuse  hindamise  suure  täpsusega  simulatsiooni  meetod 
 

Mohsen Malayjerdi, Barış Cem Baykara, Raivo Sell ja Ehsan Malayjerdi 
 

Autonoomsete sõidukite tööstus planeerib strateegilisi lahendusi, et kindlustada turvalisus enne, kui autonoomsed 
sõidukid viiakse masstootmisse. Turvalisuse saavutamiseks on vajalik läbi viia väga erinevaid teste. Kõikide testide 
tegemine reaalse sõidukiga reaalses linnaruumis on pigem ebapraktiline ja võtaks aega aastaid. Selle probleemi 
vältimiseks kasutatakse simulatsioone. Antud artikli eesmärgiks on välja pakkuda metoodika ja tehnoloogia turvalisuse 
valideerimise simulatsioonideks autonoomsete sõidukite testimisel. Artiklis on välja pakutud turvalisuse hindamise 
meetod, mis on realiseeritud TalTechi linnakus tegutseva TalTechi iseauto autonoomse sõiduki platvormil. On loodud 
virtuaalne mudel linnaku testalast, mis sisaldab eri objekte ja mis on konverteeritud 3D-kaardiks Unity keskkonnas. 
Loodud virtuaalne mudel on omakorda sisendiks SVL-simulaatorile, mis ühendab endas virtuaalsete andurite 
simulatsiooni ning Autoware algoritmid, mis juhivad TalTechi iseautot. Demonstratsioonlahendusena on kirjeldatud 
simulatsioonijuhtu, kui isejuhtiv sõiduk peab tegema möödasõidu seisvast autost, mis blokeerib sõidurea. Lõpuks on 
näidatud, kuidas antud lahendus võimaldab hinnata isejuhtiva sõiduki otsuste tegemise võimekust ja turvalisust eri 
situatsioonides.


