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ABSTRACT

With the development of technology, driving simulators have been used in various ways. In driving simulator
experiments, scenario creation is essential to increase fidelity, achieve research aims, and provide an immersive experience
to the driver. However, challenges remain when creating realistic scenarios, such as developing a database and the
execution of scenarios in real-time. Therefore, to create realistic scenarios, it is necessary to acquire real-time data. This
study intends to develop a method of acquiring real-time weather and traffic speed information for actual, specific roads.
To this end, this study suggests the concatenator for dynamic data obtained from Arduino sensors and public open APIs.
Field tests are then performed on actual roads to evaluate the performance of the proposed solution. Such results may
give meaningful information for driving simulator studies and for creating realistic scenarios.
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1. Introduction

As computer technologies have improved in recent
years, driving simulators (DSs) are widely used in
research for training, assessing the impact of new
regulations, human factor monitoring, designing, and
evaluating roadway configuration [1-4]. The DS is a
virtual reality facility consisting of subsystems, such as
real-time vehicle simulations, motion systems, operation
consoles, and video and audio systems [5]. DSs are a
safe and efficient method to replicate actual driving
situations in a controlled laboratory environment [5-8].
In terms of physical aspects, the DS conveys perceptual
cues to the driver based on representations of three
methods: mathematical structures, physical analogs, or a
combination of the two [4, 9]. Here, perceptual cues
consist of vehicles, scenarios, controls, roadways, and
environmental cues [9].

To mockup an actual or future road project in DSs, a
scenario is required [3]. Creating a DS scenario requires
the setting and environment of the simulation to be
determined and the simulation actions to be
choreographed [10]. Although the definition of scenario
differs depending on the study, this study describes the
DS scenario as a virtual static layout (i.e., scene) and the
dynamic environment or activity of the simulation
[10-12]. The need for scenario complexity is determined
according to driving tasks and research questions; this
can affect the workload of participants [13, 14].

The scenarios are essential in DS experiments. First,
researchers generate scenarios to evaluate the hypotheses
[10, 15].
factors such as signs and markings may negatively affect

Second, developing road models ignoring

vehicle performance and driver behavior [11]. Similarly,
the behavior of DS drivers can be affected by the
richness of visual scenes, the density of virtual
environments, and other users' behavior [3]. Therefore,
to effectively use DSs, the scenario specification is
important because it determines when and where
dynamic objects will take action at the experimental
design stage [10]. Third, the physical validity of the DSs
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can be affected by the information provided to drivers
through different sensory modalities of the virtual
environment and movement [3]. Finally, the scenario
can also affect the fidelity of DSs. With flight simulation
studies, the concept of visual fidelity can be defined by
the visual detail level of the simulators' virtual
environment [16]. In general, fidelity is defined as how
the senses perceive the simulation as real [14, 17].
Regarding physical fidelity, including visual fidelity,
when the DS driver's experience seems to match the
sensory experience in real situations, it is expressed as
high-fidelity [9]. In summary, the detail of the virtual
environment refers to visual fidelity. When the visual
detail level is high, the experience of the DS driver
matches the actual sensory experience.

The usual scenario development process is as follows.
The static environment of the DSs scenario reproduces
the site by converting 2D computer-aided design (CAD)
drawings into 3D models [18]. It includes specific road
elements such as markings, buildings, and traffic signs
[18]. Moreover, it creates effects such as texturing,
shading, and lighting [4, 18]. Commercial programs such
as Google Sketchup and Blender are used for developing
such a scenario [18-19]. In addition, 3D conversion (e.g.,
of 2D CAD) software such as Autodesk Civil 3D can
utilize 3D CAD files representing roadway alignments
[18-21]. When the 3D model is prepared for simulation,
the simulator converts the 3D model into the scenario
and roadway metadata. Specifically, behaviors and
events are coded in the simulator [18]. Meanwhile,
scenario manipulation is performed through a scenario
control subsystem, including object placement, traffic
generation, event activation, and the setting of weather
conditions [10, 22]. The scenario control system
manages the execution of scenario models and actions
and the database to respond to static or dynamic queries
of the virtual environment [23]. These control systems
should efficiently represent complex and dynamic virtual
environments. In addition, the systems need to present
current events repetitively and provide real-time

performance [22].
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The scenario related requirements to represent virtual
driving environments are modeling and controlling
reliable scenarios and large scale virtual environment
database modeling [23]. The database includes visual,
logical, and terrain components; These components
the virtual of DS [23].

Specifically, visual components are coordinated to create

represent environment
images, representing the scene at multiple levels of
detail; The logical database is used for scenario control,
including high level representations such as networks,
vehicles, signs, and lanes. The terrain component
includes surface type, roughness, and friction, and it is
used for computations of vehicle dynamics [23]. After
all, different levels of static and dynamic information are
needed to represent the processes and objects of a DS
scenario [24].

However, scenario creation has some problems,
including scene modeling for the DS virtual reality
environment [23]. Although the visual environment must
be modeled and rendered accurately, generating 3D
databases is difficult and time consuming [3]. To
specify,
scenarios experienced in reality [25]. Apart from this,

simulators cannot precisely replicate the

the primary constraint is deterministic, real-time
execution. In other words, since the scenario system is
part of a large set of cooperating modules, the control
and real-time execution of the scenario is limited [23].
Additionally,

between the driver and the surrounding traffic or scripted

if there are unexpected interactions

behaviors, the timing of the task may be disrupted, and
the scenario may fail [10]. In summary, it is challenging
to develop a database that represents the visual
environment realistically. Even if it is developed, real-
time or intended execution of the scenario is challenging.

Consequently, it is necessary to acquire actual road
data, in real-time, during the primary stage to create the
DS scenarios realistically. It is because data driven
scenario creation can influence the improvement of
visual fidelity and the immersive experience of the
driver. Regarding road scene creation, static road

information is usually obtained through road design

documents or photographic logs [18, 19]. Thus, this
study proposes a method for acquiring dynamic road
environmental data by developing a prototypical
solution to get real-time data of actual roads. In addition,
this study suggests an approach for acquiring weather
information with Arduino sensors and acquiring traffic
speed information of public open API [26] to collect
these two types of data in Comma Separated Values

(CSV) format.

IT. Proposed Solution

2.1, Project Structure

Before defining the methodology of this study,
previous methods are reviewed. In previous studies, road
data integration methodologies and data sources are
varied [27-35]. Similar to this research, a study uses
weather conditions and traffic as data sources [34]; It
proposes a comprehensive classifier system that integrates
historical and real-time data for real-time traffic accident
prediction. Weather conditions and traffic updates from
the PARAMICS micro-simulator are utilized to develop
Before the
PARAMICS' parameters are adjusted to reflect recent

the classifier system. simulation,
public traffic data or observed data. On the other hand,
static and historical data are stored in different databases
according to their characteristics, and the location
parameter links these databases. The Bayesian Network
for prediction is constructed based on historical data. It
then predicts accident risk, in real-time, based on
real-time input data [34].

Also, there is another effort to develop the LDM
platform that integrates various information, from a
permanent static geographic information system layer to
a dynamic object information layer [27-30]. LDM can be
implemented on a computer using PostgreSQL, PostGIS,
and PL/pgSQL, based on the LDM specification
suggested by the SAFESPOT project [31]. This previous
study specifies the design and implementation of LDM
as follows. As static data, OpenStreetMap data is stored
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in the LDM road element table [31]. The vehicle sensor
model and driving scenarios are created using a
simulation platform to acquire the dynamic traffic data.
Then, it creates a CSV file with data such as location
information, speed, and acceleration as the final output.
Finally, as dynamic data, the vehicle data CSV file is
read by the update program and registered in the vehicle
data tables of LDM based on the sensing period [31].

As shown in Fig. 1, this study presents a method to
acquire weather data with Arduino and traffic data
through public open API. Then, the result of this study is
organized in a CSV file, referring to the study of LDM
design based on CSV format [31]. Considering these
previous studies, even if this study result is saved in
CSV format, it will be helpful in the future. Also, the
method of acquiring road data is different from other
studies for integration road data.

There are two independent loops. Sensor Loop runs
on the Atmega32u4 once every two seconds. In this
loop, Atmega32u4 continuously gets the humidity and
temperature data from the DHT11/DHT22 sensor and
then pushes it into the hardware bridge.

Main Loop runs on a laptop and also runs once every
two seconds. This loop does the following steps. First,
the laptop requests humidity and temperature data from
AR9331 on Arduino Yun via a local Wi-Fi connection.
Then, AR9331 reads the required data from the hardware
bridge and responds to the laptop. When the required
data is received, the computer requests traffic data from
the public open API server via the internet. If both data

DHT 11/DHT22
Sensor

DHT 11/DHT22
Protocol

Arduino Yin

Atmega :
Internet | Seoul Public

Laptop Data

WiFi API Server
AR9331

Linux

Fig. 1 Project structure
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are obtained, the program concatenates the two data with
a timestamp and appends them to a CSV file.

The specific execution process is as follows. Firstly,
Arduino Yun and a PC are connected to the same Wi-Fi
network. It is recommended to use a PC as a hotspot AP
and connect Arduino to it. Second, update required files
on Arduino Yun. The Sketch file can be uploaded via
Sketch IDE, and the Python [36] script can be uploaded
via Secure Copy Protocol. Next, execute the Sketch file
and Python file on Arduino. If the Sketch file is uploaded
correctly, it will be executed automatically, and the
Python file should be run manually via Secure Shell
Protocol (SSH). Finally, execute Python script for PC.
Then it will automatically connect to Arduino, obtain the
humidity, temperature, and traffic data from Arduino
and public open API, and generate a CSV file containing
timestamps. Additionally, the HOST variable in the
Python script for PC should be changed to the proper IP
address. For the entire code, visit the following GitHub
repository: https://github.com/unknownpgr/dhtiot.

2 2. Data Source

First, this study develops an IoT sensor based on
Arduino Yun to acquire the weather data of the road link.
Arduino has been widely used in various studies as a
prototype. It has the advantages of flexibility, platform
independence, cost effectiveness, ease to program, open
source hardware, and software [37-40].

Arduino Yun is an IoT board with Ethernet and Wi-Fi
connectivity options. Additionally, it has the unique
ability to integrate Linux for stability and security. It is
based on a dual processor system; the Atmega32u4 is a
microcontroller, and Atheros AR9331 supports Linux
and Wi-Fi [40-43]. Atmega32u4 and Atheros AR9331
communicate with each other through the bridge
module. Arduino Yun also provides a convenient
communication function between the sensor and the
internet [43].

Accordingly, Arduino Yun is installed on an actual
road in this study, and DHT11/DHT22 sensors [39] are

used as weather sensors. Temperature and humidity are
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acquired as weather data. The schematic figure for

hardware configuration is shown in Fig. 2.

U1
ARDUINO

o

UNORIR

T

L L

ARDUINO
e Diecimila

Fig. 2 Schematic of hardware configuration

Second, a public open API is used to acquire traffic
speed data. According to the definition of traffic data,
traffic speed data uses the vehicle global positioning
system information of about 70,000 card taxis in Seoul.
The public agency collects link speeds every 5 minutes
and processes them to provide statistical speed. As
shown in Fig. 3, speed data is acquired in this study
based on the link ID of the road where Arduino Yun is
installed. There are two types of link IDs, Standard link

and Service link. The public open API server uses the

Service link.

_'4‘,«‘ AN ‘:"’ ,\ ‘ = ;
Fig. 3 Node and link in GIS objects for traffic speed
data

I, Results

As shown in Fig. 4, the sensor was installed on the
road, and a field test was performed to model the
proposed solution. The location of the field test was
135-24 Jeonnong-dong, Dongdaemun-gu, Seoul. The
sensor was installed on the roadside at the intersection
close to the traffic speed data link. It will be possible to

be installed on a road drain or roadside through the

development of a sensor case. The experiment was
conducted from 14:45 on 2021.02.26.

Fig. 4 Arduino sensor in the field test

The field test results indicated that the sensor and
overall solution work well, and the results were
displayed as a CSV file, as shown in Fig. 5. The CSV
file shows the humidity, temperature, and traffic speed
data along with a timestamp in seconds. Humidity and
temperature are data acquired based on DHT11/DHT22
sensors. Temperature data are read with an accuracy of
+0.5C in the range from -40 to 80 ‘C; Humidity data are
from 0% to 100% humidity range with 2-5% accuracy.
Traffic speed data means the 5-minute average speed of
the Seoul card taxi that passed the link section. The
public API's limitation is that it cannot provide the
real-time speed of all vehicles passing through the actual

area.
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Timestam Humidity Temperati Traffic

45:01.3 10.5 21.4 27
45:03.7 10.5 21.4 27
45:06.1 10.5 21.3 27
45| 30

45

45| 2>

45
45
45| 15
45
45| 10 M
45
45
45 o

45 TR RRARSTLIRFTBERRE
45
45 — Humidity
45:42.7 11.4 21.3 22

Fig. 5 CSV file result of the field test

Traffic

e Temperature

The experimental weather data results, the sensor
data, can be compared with the public open data.
AWS(Automatic Weather System) data are public
weather data provided in real-time in Korea. AWS data
is acquired every minute, and there is a limit to providing
only data corresponding to representative points.
Specifically, in the case of a neighborhood unit, the
AWS representative point value becomes the value of
the neighborhood weather forecast considering the
distance and altitude within the grid. In other words, the
representative point data is deemed to be representative
of the corresponding neighborhood. The comparison
between the sensor values and the representative AWS
data of Dongdaemun-gu is shown in Table 1. About the
sensor value, the temperature is higher, and the humidity
is lower than the representative AWS data. This
difference comes from the difference in data acquisition
points and the difference in the time unit. But the future
research needs to verify the sensor values and find out

precisely the reason for the difference.

Table. 1 Comparison between sensor data and AWS
data (source: [44])

. Sensor
Contents (14:45) drAEe) AWS data
Temperature data 21.2 14.9
Humidity data 11.2 14.0

=ajoj AlZ0lE] AlL2I2 TS 9I3t S5 =28k Hlolel 83

IV, Discussion

4 1. Assessment and explanation of the results

The subjects of this study, weather conditions and
ambient traffic, have been studied using DSs. Mainly,
weather condition scenarios have been conducted
through various studies [45-49]. Studies usually analyze
the effect of weather conditions on driving behavior.
Weather conditions such as no fog, light fog, heavy fog,
clear, snow, and rain are suggested [45-49]. In studies
related to fog or hazy conditions, visibility is explicitly
specified [45, 46, 49]. Significant research classifies the
levels of rain, snow, and fog then presents the related
actual weather grade in terms of visibility and rain
(mm/24h) [47].

Regarding traffic, programmed vehicles become a
backdrop to ambient traffic or are utilized to enable
research conditions in the simulator [10]. Here, the DS
scenario can be more realistic by using measurements
describing traffic behaviors [18]. In some traffic
behavior algorithms, each wvehicle can represent
parameters such as speed, position, safety distance,
maximum desired acceleration, and braking in front and
rear vehicles [24]. In another scenario control software,
the vehicle elements are deterministic dynamic objects
(DDOs) and autonomous dynamic objects (ADOs) [12].
DDOs are objects that follow a scripted path and speed
control without autonomous motion, while ADOs are
those derived from autonomous driver models that show
driver like driving behavior [12].

Consequently, simulated traffic and interacting agents
must act realistically to provide immersion to DS drivers
and not affect their behavior [3, 24]. However, since
driving behavior is very complex, it is challenging to
simulate real traffic and control scenarios [10]. In DS
experiments, researchers use the traffic level or a
microsimulation model that adjusts the surrounding
vehicle speed [15, 50]. Additionally, a study explicitly
suggests adopting three traffic flow states produced by
combining elements, such as car following situations,

speed, and headway time [47].
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Most DS related studies do not use real-time, dynamic
data of actual road links, such as weather conditions and
ambient traffic speed. Nevertheless, this study can be
compared with a previous study that presented a specific
case of weather and traffic scenario creation. The
previous study matches the similarity between simulated
weather conditions and actual weather grades through a
visual experiment. It uses related studies to present the
speed as a configuration of traffic flow states [47].
However, this previous study does not acquire real-time
data and does not use actual road link weather and speed
data. The weather or ambient traffic data used in DS
scenarios is usually based on the available data in the
previous studies. This is the main difference between
this study and previous research. In other words, using
dynamic data is common to both the current and
previous work, but this study distinctively suggests a

method to acquire real-time data of actual roads.

4 2. Research Limitations

The study has some limitations. First, it does not
verify the sensor values as mentioned in 4.1. section.
Second, there is no DS scenario creation based on the
results of this study. Third, the software has some
limitations; it is impossible to perform complicated tasks
on Arduino Yun because of the lack of storage space.
Therefore, most of the tasks are performed on a
computer, causing a bottleneck. Also, installing Python3
is impossible because of the same reason. Thus, only
Python2, a deprecated version of the language, can be
used. Overall, except from the software point of view,
future research is proposed to verify the sensor results

and create a realistic DS scenario.

4 3. Future Research

At first, to verify the sensor values, there is a method
of measuring the variability of a sensor value for a
certain period. And, it can also be compared to the
values of various types of sensors to minimize the
influence of external conditions such as sunlight.

Secondly, there is the need for the incorporation of

sensor data into simulator experiments. For the creation
DSs scenarios based on data, future research could lead
to the adjustment of the resulting data according to the
traditional DS scenario setting system. With considering
the related studies, there are some methods to
incorporate the data into simulators. For example, a
survey of drivers' experiments can match sensor values
to the weather setting of the DS software regarding the
weather conditions. Also, it is possible to compare field
data and DS data on driving behavior such as traffic
speed [50]; In other words, it is necessary to develop
various DS scenarios based on data and compare each
scenario. In addition, to evaluate the realism of the data
used in the simulation, the simulator driving needs to be
compared with the actual driving. Specifically, future
research can perform NASA-TLX and participation

realism survey with Likert scale [51, 52].

V. Conclusion

This study develops a solution to collect weather
conditions and traffic speed data in real-time. Since this
solution acquires actual road environmental data, it can
be used as a visual data source for creating realistic DS
scenarios. Furthermore, because the solution has
real-time properties, it can help establish the basis for
real-time control and execution of DS scenarios. As a
result, the authors believe that the research should be
helpful for researchers to develop more reliable solutions

while using a driving simulator.
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