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Abstract— The chaotic increase in the number of vehicles and
the population density makes road safety an important topic
from all points of view. Urban planning and disorganization in
terms of traffic efficiency and fluidization solutions cause massive
traffic congestion in most cities around the world. The diversity
of mechanisms and devices dedicated to the fluidization of traffic
in pedestrian areas or pedestrian crossings does not offer safety
to all categories of persons, here referring to the sick, elderly,
children. A number of studies that have analyzed and focused on
the field, offer solutions whereby a combination of vehicles and
automated tools, used in conjunction with an efficient data
communication type, can reduce traffic congestion problems and
reduce traffic jams. Wireless communications technologies have
the possibility of the dynamic and increase the security of the
transmission mode. We can say that this article presents an
overview of the most important and promising technologies that
can be used in the applications dedicated to the road safety sector
based on communication between cars. We propose a system
prototype based on RF (Radio-Frequency) communications and
VLC (Visible Light Communications) technology, thus making a
promising alternative in the field. Based on these proposals,
analyzes and simulations are performed on a hybrid architecture,
offering results on performance evaluation of the solution.

Keywords—infrastructure-to-vehicle communications, visible
light communication system, hybrid networks, inter-vehicle
communications, radio-frequency.

I. INTRODUCTION

As millions of people lose their lives and dozens more are
injured each year, we can say that road accident is a serious
problem in our society [1]. An important factor and an aspect
that is not negligible is the economic one, being affected by a
percentage of 1% and 3% of all the internal product in terms
of damage [1]. The studies carried out are currently presented
in about 90% of the number of road accidents are caused. by
lack of attention, driving distraction, delayed reactions,
fatigue, in main human causes. Therefore, the systems
dedicated to road safety have been based on sensors, these can
significantly. reduce the number of accidents and
automatically the loss of human lives. We can say that at this
moment the communications between vehicles V2V (Vehicle-
to-Vehicle) and the communications infrastructure-vehicle
V21 (Vehicle-to-Infrastructure) can improve with more than
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80% of the road accidents, advancing in the matter of the
safety of the vehicles[2],[3]. Thus, the systems developed in
the direction of the safety of the wvehicles based on
communications, offer the possibility of the existing
infrastructure or of the vehicles that identify problems or
situations in traffic with a high potential of danger, to inform
the driver and the other participants in the traffic on the
detected problem. Therefore, vehicles can exchange
information on speed, location, traffic lights, traffic jams, their
cooperation increases the degree of safety and speeds up
traffic. An impediment is that which refers to the strict
standards that are imposed on the safety of vehicles based on
communications. Applications of this type need quite small
latencies, they can reach up to 20 ms to detect an obstacle or a
collision, this ratio where the estimated delivery time of the
packages varies up to 300m [3],[4]. In the context of the above
mentions, the article presents the visible light communications
(VLC) in complementarity with the RF ones, through which a
communication platform between vehicles can be created,
coming to the aid of the field of active safety systems.

The presented approach stands out the potential to supply a
viable solution that offers improved connectivity, adaptive
behavior regardless of context, and superior scalability. The
research works in which we work are aimed at designing,
implementing valid solutions in the field of communications,
aimed at developing a hybrid platform using technologies such
as VLC, complementing with other network technologies,
4G/5G or LTE (Long-Term Evolution) [5], for in-vehicle or
cloud communications.

Toward the local infrastructure level, in order to maintain
the connectivity between different types of communication,
hardware and software modules should be developed to allow
the VLC network to work as well.

II. PRESENTATION OF THE EXISTING SOLUTIONS IN WIRELESS
COMMUNICATION AND AUTOMOBILE DOMAIN

The amount of information and devices connected to the
internet is producing an increasing demand for wireless
communication, raising many challenges for radio frequency
(RF) technologies. Although the progress shows that we are at
an early stage in the development of the technology of the
fifth-generation  (5G), according to (the Global Mobile
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Furnisors Association), by mid-2019 there were 35 operators
launched these services. However, the development of a new
6G technology has begun, thus trying to complement the 5G
minuses. On the other hand, in parallel with the development
of a new generation of communications, companies work and
develop solutions based on Li-Fi. The use of this technology
facilitates and removes the shortcomings encountered during
the use of Wi-Fi /4G / 5G communications, thus the medical,
aerospace, automotive, approaches Li-FI (Light-Fidelity)
solutions, even considering their cooperation for improved
speeds and security.

The alternative in the case of Li-Fi technology 5G cellular
network technology. A prototype presented by Ericsson in
2019 gave the general public the opportunity to see how a
truck is controlled at a distance of 2500 km on the Gothenburg
(Sweden) - Barcelona (Spain) route. We can say that this
demonstration aims to expose the high transfer rates that 5G
services can offer, significantly higher data transport, but also
low latencies. Therefore, as mentioned above, the features
presented are essential in the process of forging automotive
applications and processing real-time data. However, there are
no reliable forecasts and information that a similar approach
can underpin the whole network of vehicles, providing good
reliability under high traffic density.

A. Introduction on the radio frequency communications

According to the notes in the literature, we can say that the
radio frequency spectrum was widened from about 3 kHz to
later about 300 GHz. This RF spectrum is divided into several
multiple bands, which in turn propagate individually in the
case of dedicated applications. Thus, the VHF band benefits
from a variable bandwidth and can be extended from about 30
MHz to about 300 MHz. This has utility in amateur radio
communications, CB stations, TV broadcasting, the bandwidth
in the case of UHF (Ultra High Frequency) is appropriate in
mobile telephony Wireless LAN and Bluetooth. The multitude
of applications in the case of the RF band makes it an
important component, but at the same time more and more
saturated. The mentioned problem has been studied
intensively by the experts in the field, and a solution
considered and subsequently applied was to use increasing
frequencies, but this long-term solution becomes expensive
and requires complex equipment.

The importance of the field and the need to find solutions
supported the rising costs, and the financial aspect became
secondary. However, the reuse of space was taken into
account for the mitigation of this crisis, reaching the "smart
cell concept". Gradually the size of the communication cells
decreased, reaching up to 35 km for 2G systems, about 5 km
for 3 G systems and 100 m for 4 G systems and in the case of
5 G only 25 m, this decrease is expected, and in the case of
6G (future technology). We can say, that cell shrinking has
been and is possible, but for this moment it becomes
increasingly difficult to obtain due to the high costs and the
interference, even the redundancy of the consumers gravitates
around this situation. Analysis of the past in the field of
wireless communications, the demand for new technologies
has led to the development and introduction of standards such
as 802.11 (Wi-Fi). Therefore, Wi-Fi in a relatively reduced

time has become the most widespread wireless communication
network having a common mechanism for both receiving and
transmitting data. The researches have led to a high degree of
complexity in Wi-Fi technology. Therefore, offering a high
degree of flexibility, adaptability but also mobility, the
802.11.b standard was later extended to be useful for the
developed industrial environment and IEEE 802.11p became
useful and applicable to the automotive field. According to
statistics, most services and daily activities are based on an
internet connection, more than 90% of them, whether we are
talking about bank transfers, online shopping, private and
secure applications, industrial parks and logistics developers,
all use the internet.

According to this analysis, the main concern is about the
reliability and stability of the networks, their variety but also
the security offered to the users. The present Wi-Fi offers
major advantages, covering important sectors in the field of
communications but also extended services. The limited
availability of the spectrum affects its performance, making it
an unstable candidate in the field of wireless communications.

B. Introduction on the visible light communications

The literature and existing studies provide a viable solution
that can address the limited availability of spectrum this
solution is represented by wireless optical communications
(OWC). The main advantage of the optical spectrum is that it
benefits from the visible light spectrum and the infrared (IR)
spectrum, which is almost unlimited, has about 800 Thz.
bandwidth, compared to the RF spectrum, which is limited to
about 300 GHz.

We can say that the IR spectrum has a much older history
being tested a long time ago, unlike the visible light spectrum
(380-780nm) being something new. Therefore, the concept of
this VLC technology is introduced in the late 90s and later in
the early 2000s, is already incorporated in various high-
performance experimental prototypes presented in the coming
years. This technology has become popular since 2010
because it is presented as a technology of the future with
transfer rates of over 1Gb/s and soon exceeding this value.
The development of the technology continued in the years that
followed, and at the present works report transfer rates
exceeding 10Gb/s, specifying that in the coming years the
values will reach several hundred Gb/s. At the same time with
the improvement of transfer rates, the development of VLC
technology is also taking shape in other areas, expanding the
scope of application, becoming a Mondial business.
Technological developments and research have succeeded in
transforming an LED (Light Emitting Diode) an ideal
component for standardization in the field of optical
communications using visible light according to the IEEE.
Although the IEEE 802.15.7 standard was not accepted by the
developers, it was the starting point for the development of
VLC, is the necessary reasons to develop the future elements
of standardization of the technology [6]-[8].

A major advantage on which VLC communications are
based, across the broad spectrum, is that it can use the
distribution of light sources. Thus, any LED-based light a
source can easily be transformed into a device that can
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transmit data, being a simulated process. In the context
presented. The IEEE standard 802.15.7 proposes and requires
that the transfer function does not interfere with the
illumination process. Thus, the standard sets out the situation
in which the power of the light emitted by the user becomes
adjustable as needed, so it is possible to increase the light
emitted according to the requirements imposed by him.
Another analysis addresses the issue of referring to the
flashing light standard, but in this situation, it is specified that
transmission of data should not provide perceptible flashes.
This aspect is treated accordingly based on the techniques by
which each bit is modulated and encoded (IE 0 and 1) while
maintaining the same light intensity. However, most scenarios
in which VLC technology was implemented to reflect the
utility and adaptability of the communication, providing
reliable communications, both over short distances with
remarkable results (50 - 100m) but over longer distances of
over 200-300 m where the signal is affected by other light
sources [9].

According to the literature and studies, another advantage
of VLC technology is the contour of the safety zone, the fact
that the visible light does not destabilize the activity of
electronic equipment and does not endanger human health,
according to recent reports published by the World Health
Organization, the accession worrying about for widespread
use of radiofrequency and microwaves. This has warned
authorities in several large cities, suspending the process of
providing 5G wireless access, as the health impact would be
harmful. Consequently, VLC can provide a secure way of
communication for human health, but also for other systems,
these being solid arguments, being supplemented by VLC only
in certain situations [9]-[11].

III. DEBATE ON SETUP AND FUTURE PERSPECTIVES

Past events highlight the increased demand for
technologies in the field of communications, a factor that has
led to the introduction of standards such as 802.11 (Wi-Fi),
which later became the most popular and the widespread
wireless network has a common mechanism for data
transmission and reception. However, research has achieved
from Wi-Fi a complex technology adapted to each
environment. Thus, in order to obtain increased flexibility,
mobility and increased adaptability, the 802.11b standard has
succeeded in being extended to the industrial milieu, and due
to its performance and necessity, the automotive field has
embraced the initiative, through the IEEE 802.11p standard.
At this moment, we can say that over 95% of the activities and
services we benefit from are based on an internet connection,
regardless of whether we are talking about electronic
commerce, industrial parks, state or private companies,
multinationals, bank transfers. The current context raises
question marks and concerns about the reliability, stability,
and security of the network, having variety in terms of
customers and their variety, using communications in various
activities.

Therefore, the current Wi-Fi technology offers major
advantages, covers important areas and sectors of the
communications area, serves various services, but there is
room for better. Thus, the context in which demand is
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increasingly exponential for wireless communications, limited
availability of spectrum can affect the performance of the
technology and make it a vulnerable player in the field of
wireless communications [8]. But many aspects can be
corrected when using a complementary VLC-RF system,
secure in the case of VLC is effective due to LOS (Line of
Sight) communication, being a technology that cannot be
intercepted, does not interfere with EM (Electro-
Magnetically). Thus, in the next section are presented
developed or developing elements, based on VLC technology,
having prototypes in working order. They aim to integrate the
two VLC-RF technologies within a hybrid platform, in order
to obtain a complete, efficient, sustainable, flexible product,
capable of becoming a solution in the context presented in the
previous sections.

A. Presentation of the experimental RF setup

Our research group has been developing a VLC system,
this uses the configuration of a logarithmic transimpedance
circuit, which makes a significant contribution to the process
of improving noise resistance. Each block has been designed
for the flexibility and extension of its parameters, offering
high flexibility and performance under both indoor and
outdoor conditions. The evaluations of the current state of the
system were presented in [13],[14], and confirmed external
communication distances of over 50 m (limited only by the

VLC EMITTER

Fig. 1. V2I indoor outdoor system based on VLC communications, using
commercial traffic lights and prototype receiver incorporated into 3D
navigation.
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factor of buildings), resulting in increased resistance in case of
disturbances coming from the artificial light area. It can be
said that the current system, which is constantly developed,
has achieved remarkable results, BER was lower than 10-7
obtained in the scenario of transfer rates between 1.5 kb/s - 50
kb/s. Moreover, our experimental results show that the
developed setup allows communication over 50 m distances in
extreme conditions. As a result, the VLC system requires
adjustments in terms of reducing the incident sunlight, this is
possible by adjusting the field of view.

According to this topic, the evaluation of the outdoor
configuration is provided in [11],[13]. Improvements in the
system and its sustainability have increased communication
distances, registering between 130 and 150 m in ideal
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conditions. As a result, it can be observed that the
modifications made to allow the system to be adaptable to the
context, and the VLC system benefits from improved
performances, radically increasing the compatibility with the
applications dedicated to the automotive field [11]-[16].

B. Presentation of the experimental RF setup

We can say that cooperative management assistance
systems have a significant rise in the automotive safety sector.
In the near future the vehicles they will communicate with
other either with the help of V2V communications or with
infrastructure elements through V2I, without, intelligent traffic
signs, intelligent traffic lights but also the local infrastructure
of type RSU-(Road-Side-Units). Vehicles and road
infrastructure elements form an ad-hoc vehicle network. In the
specialized literature, these directions are included in V2X
(V2V and V2I) communication based on 802.11p standard,
but also LTE (Long Term Evolution) mobile
communications[20]-[24]. The proposal for developing a
V2X(Vehicle-to-everything) prototype (V2V and V2I) reflects
on the possibilities of interconnecting other systems as well as
VLC or IV-AR communications (communications through
augmented reality modules [17],[18],[19].

Thus, cooperative management assistance functions are
integrated. The presented architecture Figure 2 includes the
installation of an OBD dongle capable of interacting with the
vehicle providing control over the sensors and the on-board
computer and the development of modules intended for
acquisition or communication with the existing sensors being
made possible directly through the device installed on the
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vehicle. Cloud server, which in turn collects information from
other traffic participants, including road infrastructure,
pedestrians, but other devices also. The architecture presented
is modular, allowing the separate implementation of the other
functions, and the information is subsequently transmitted to
the server.

C. Discussion on the experimental VLC-RF setup proposed

The development of the VLC system was based on its
modularity and interconnectivity with an RF system, meeting
the requirements imposed by the automotive field. Therefore,
the VLC transmitter uses commercial elements that meet the
criteria of a 200mm traffic light with LED. Consequently, the
power emitted has approximate value to an ordinary traffic
light, the results being comparable and widely reproduced. An
improved module based on a microcontroller (ARM Cortex
M4) and one digital power switch is added on the commercial
traffic light [20]-[23].

Thus, the microcontroller transforms the data and transmits
it in a binary message by switching the LEDs, the simplified
scheme can be found in Figure 3. The VLC receiver is built
using a PIN photodiode, with an angle of half sensitivity of
+55°, connected to a transimpedance circuit, so this
configuration improves significantly robustness of the system
to noise and extends the range, through the logarithmic
configuration[14],[15]. We can say that the possibility of
saturation of the photoelement is remissive, under intense
lighting conditions, this design automatically reduces the
sensitivity. The use of infrared rejection (IR) optical filters but
also the optical system that limits the (FoV), and following we
reduce of the parasitic light and that of the signal amplitude.
Thus, the inclusion of an adaptive Bessel filter is imperative,
an automatic circuit (AGC), and a Schmitt trigger all one
controlled by the same type of 180 MHz microcontrollers,
similar to the VLC transmitter. The decoded information from
the message header is identified by the microcontroller based
on a developed algorithm that is able to measure pulse width
and edge identification[14],[16]. Since the VLC system aims
at applicability in the automotive field, while the VLC channel
is characterized by unpredictability, the purpose of this
architecture is to be provided with a VLC-RF system adapted
to any context. As we well know from the literature and
published works, the adaptability of a VLC component can be
disturbed by several factors such as water droplets, fog, dust
particles, or other bodies that can pass through the visual field
of the photodiode. Thus we try to use and adapt two
components, one VLC another RF for their complementarity
and mutual support at certain points.

Thus, the information that requires detailed analysis will
be taken over and processed by the RF component based on
higher computing power and mobility in the coating of certain
elements through image capture and analysis. For better
connectivity and increased response times, the development of
software architecture is based on analysis and image
processing using algorithms, but also an accelerator to develop
a neural network, namely Movidius, to communicate with that
Cloud server and the whole RF infrastructure outlined around
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the Raspberry Pi Zero W controller. Thus, the computing
power and fast connection provided by this stick can achieve
parallel processing to streamline the entire process. The
connection between these two components, the RF and the
VLC, will be achieved with the help of a microcontroller-
based on ARM Cortex-M4, used so far on the developed VLC
system, ideal in data packet processing, information transfer,
and analysis.

In the case of the RF architecture shown in Figure 3, we
have a device based on two microcontrollers (Arm Cortex-
A53) for information processing, and for communication
between modules a Cortex-M4 microcontroller, interfacing
and transmission to other devices. Another device dedicated to
direct communication with the car is based on a module
dedicated to CAN (Controller Area Network) communication
of OBD type, offering the possibility to interact with the
vehicle and collect information both from other traffic
participants and from vehicles from it is installed. The
microcontroller is based on an ARMI1176JZF-S- (1GHz)
processor capable of 4G / Wi-Fi / Bluetooth communication.

Thus, estimates of current technologies such as 5G are
somewhat vague, but the need for high and stable speeds to
maintain the stability of data transfer is imperative. Another
important feature is that of latency, which is the time required
for a network to respond to a request received from users.
Ensuring a quality response and perceptible latency must be as
low as possible. In the case of 4G used in the RF component
dedicated to this system, the latency values reaching
approximately 50 milliseconds, given that 5G can have
latency even lower than one millisecond [24],[25].

The modular system allows the development and
adaptation of new hardware and software elements dedicated
to both image processing and the development of components
dedicated to vehicle control through the OBD module installed
in the car. Thus, we can have information about the car from
anywhere but also total control. The customized tests
performed led to this first stage and the subsequent
development of a product consisting of the two components
presented above. According to the previous presentations,
observing the advantages and disadvantages of each
technology, but also the tests so far in the field, the
development of such a system has every reason to continue in
the direction presented. The most discouraging factor is the
legislative factor in order to install such a system on a
commercial car and its approval. Expectations regarding the
developing system are in line, wanting to highlight the
common features and complementary of the two revolutionary
communications technologies and the purpose of an
autonomous prototype to be developed with the help of
commercial components and at low cost.

In addition to the above, the hybrid system integrates a
VLC prototype being supplemented by complementing with a
dedicated prototype that includes 4G / Wi-Fi functions to
achieve, the mechanism of teaching, processing, analysis, and
distribution of information thus optimizing system efficiency.
The approach presented offers the possibility to expose the
benefits of density and bandwidth offered by VLC with a



totally non-intrusive RF back-channel thus maintaining
compatibility with conventional devices, demonstrating
excellent scalability. The data received from the VLC
transmitter is processed and transmitted using the
interconnection module between the two systems
automatically reaching the server managed by the module
installed on the car, then they are displayed on the developed
navigation device. We can say that the heterogeneous nature
of the technologies used suggests various ways of applying
them, because since 2011 research groups have developed
hybrid indoor systems that provide mechanisms to provide
internet connections based on RF-VLC technologies.

IV. CONCLUSION AND FURTHER DEVELOPMENT

The technological advancement and the interest generated
by the users and the industry for wireless communication
technology are constantly increasing having the possibility of
development in several areas of interest. Therefore, road
safety applications and communications-based vehicles are an
example and an area of interest. This article provides
information on the use of VLC-RF communications in the
automotive field. Further, part of the analysis has formed a
basis by which the integration of technologies within a vehicle
communication platform becomes possible. Therefore, VLC
communications prove to be suitable for short-distance V2V
connections, while if visible light communication does not
have continuity in certain areas, RF communications
intervene, completing the system and covering all areas. The
constantly developing platform is capable of providing
detailed information within the network by providing
information on distances, road infrastructure, traffic analysis,
sensors. Future work involves each component developed in
order to obtain a finished product capable of meeting the
requirements, especially for this product to become a real
solution in the fight against road accidents and reduce the
number of people who lose their lives.

REFERENCES

[1] Fact Sheet 358—Road Traffic Injuries, World Health Org., Geneva,
Switzerland, May 2016.

[2] Global status report on road safety 2018. Geneva: World Health
Organization; 2018. Licence: CC BYNC-SA 3.0 IGO.

[3] N. Kumar, N. Lourengo, D. Terra, L. N. Alves and R. L. Aguiar,
"Visible light communications in intelligent transportation systems,"
IEEE L. V. Symp.,2012, pp. 748-753. doi: 10.1109/1VS.2012.6232282

[4] A. Ciilean, B. Cagneau, L. Chassagne, M. Dimian and V. Popa, "Novel
Receiver Sensor for Visible Light Communications in Automotive
Applications," in [EEE Sensors Journal, vol. 15, no. 8, pp. 4632-4639,
Aug. 2015. doi: 10.1109/JSEN.2015.2425473

[5] M. Y. Abualhoul, O. Shagdar and F. Nashashibi, "Visible Light inter-
vehicle Communication for platooning of autonomous vehicles," 2016
IEEE Intelligent Vehicles Symposium (IV), Gothenburg, 2016, pp. 508-
513. doi: 10.1109/1VS.2016.7535434

[6] W. Shen and H. Tsai, "Testing vehicle-to-vehicle visible light
communications in real-world driving scenarios," /EEE Vehic. Net.
Conf., 2017, pp. 187-194. doi: 10.1109/VNC.2017.8275596

[7]1 S. Rajput and Nidhi, "A Study of Vehicular Adhoc Networks," 2019
International Conference on Computing, Communication, and Intelligent
Systems (ICCCIS), Greater Noida, India, 2019, pp. 135-138.
doi: 10.1109/ICCCIS48478.2019.8974462

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

(22]

(23]

(24]

[25]

I. E. Lee, M. L. Sim and F. W. L. Kung, "Performance enhancement of
outdoor visible-light communication system using selective combining
receiver," in IET Optoelectronics, vol. 3, no. 1, pp. 30-39, 2009.

W. Whyte, J. Petit, V. Kumar, J. Moring and R. Roy, "Threat and
Countermeasures Analysis for WAVE Service Advertisement," 2015
IEEE 18th International Conference on Intelligent Transportation
Systems,LasPalmas,2015,pp.1061-1068.doi: 10.1109/ITSC.2015.176

S. Rajagopal, R. D. Roberts and S. Lim, "IEEE 802.15.7 visible light
communication: modulation schemes and dimming support," in IEEE
Communications Magazine, vol. 50, no. 3, pp. 72-82, March 2012.
doi: 10.1109/MCOM.2012.6163585

E. Zadobrischi, L. Cosovanu, S. Avatimanitei and A. Caiilean,
"Complementary Radiofrequency and Visible Light Systems for Indoor
and Vehicular Communications," 2019 23rd International Conference on
System Theory, Control and Computing (ICSTCC), Sinaia, Romania,
2019,pp.419-423.doi: 10.1109/ICSTCC.2019.8885570

B. Blaga, M. Deac, R. W. Y. Al-doori, M. Negru and R. Danescu,
"Miniature Autonomous Vehicle Development on Raspberry Pi," 2018
IEEE 14th International Conference on Intelligent Computer
Communication and Processing (ICCP), Cluj-Napoca, 2018, pp. 229-
236.doi: 10.1109/ICCP.2018.85165891

A. Cailean, M. Dimian, V. Popa, L. Chassagne and B. Cagneau, "Digital
Signal Processing Sensor for Automotive Visible Light Communications
Applications," 2017 New Generation of CAS (NGCAS), Genova, 2017,
pp. 225-228.doi: 10.1109/NGCAS.2017.53

A. Cailean and M. Dimian, "Impact of IEEE 802.15.7 Standard on
Visible Light Communications Usage in Automotive Applications,"
in [EEE Communications Magazine, vol. 55, no. 4, pp. 169-175, April
2017.

P. A. P. Ferraz and L. S. Santos, "Visible Light Communication Applied
on Vehicle-to-Vehicle Networks," 2015 International Conference on
Mechatronics, Electronics and Automotive Engineering (ICMEAE),
Prague, 2015, pp. 231-235.

R. Roberts, P. Gopalakrishnan and S. Rathi, "Visible light positioning:
Automotive use case," 2010 IEEE Vehicular Networking Conference,
Jersey City, NJ, 2010, pp. 309-314.

M. Kinoshita et al., "Motion modeling of mobile transmitter for image
sensor based I2V-VLC, V2I-VLC, and V2V-VLC,"20/4 IEEE
Globecom Workshops (GC Wkshps), Austin, TX, 2014, pp. 450-455.

D. Aguirre, R. Navarrete, 1. Soto and S. Gutierrez, "Implementation of
an emitting LED circuit in a Visible Light communications positioning
system," 2017 First South American Colloquium on Visible Light
Communications (SACVLC), Santiago, 2017, pp. 1-4.

J. Huang et al., "V2X-communication assisted interference minimization
for automotive radars," in China Communications, vol. 16, no. 10, pp.
100-111, Oct. 2019.

Ashritha M and Sridhar C S, "RSU based efficient vehicle authentication
mechanism for VANETS," 2015 IEEE 9th International Conference on
Intelligent Systems and Control (ISCO), Coimbatore, 2015, pp. 1-5.

L. Yang, W. Zhang, Y. Zhang and J. Zhang, "Hybrid Optical Wireless
Network Based on Visible Light Communications (VLC)-WiFi
Heterogeneous Interconnection," 2019 2nd International Conference on
Communication Engineering and Technology (ICCET), Nagoya, Japan,
2019, pp. 35-38.

M. B. Rahaim and T. D. C. Little, "Toward practical integration of dual-
use VLC within 5G networks," in IEEE Wireless Communications, vol.
22,no. 4, pp. 97-103, August 2015.

S. Ucar, S. C. Ergen and O. Ozkasap, "Security vulnerabilities of IEEE
802.11p and visible light communication based platoon," 2016 [EEE
Vehicular Networking Conference (VNC), Columbus, OH, 2016, pp. 1-4.

S. Ucar, S. C. Ergen and O. Ozkasap, "Visible light communication
assisted safety message dissemination in multiplatoon," 2017 IEEE
International Black Sea Conference on Communications and
Networking (BlackSeaCom), Istanbul, 2017, pp. 1-5.

C. Wang, P. Zou, J. Chen, G. Li and N. Chi, "Internet of Vehicle System
Based on Automotive Headlight utilizing Probabilistic Shaping," 2019
11th International Conference on Wireless Communications and Signal
Processing(WCSP),Xi'an,China,2019,pp.1-4.

83




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




