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Abstract
The automotive industry, in general, does research and development on automotive topics, in
particular, on topics influenced by two major factors. The first factor is steady improvement
in information technology. With the aid of nanotechnology, microelectronics, communication
and software techniques, vehicles are now equipped with various computerized driver aid
facilities. These aids cover ESP (electronic stability program), night vision aid, cruise control,
navigation, active suspension control, passenger and pedestrian safety measures, and even
drowsy driver detection. Recently, research and development has been concentrating on V2V
(vehicle to vehicle) communication, V2I (vehicle to infrastructure) and more autonomous
actions of vehicles.
The second factor affecting the automotive industry is growing anxiety over greenhouse gas
emissions and global warming. It is known that research and development on electric and
hybrid electric vehicles has been going on for some time and only few commercial
applications exist. However, recently more announcements occurred towards the
commercialization of electric vehicles. It is expected that this trend will continue and more
full electric and/or plug in hybrids will be on the road in the foreseeable future.
The objective of the Transportation Technologies and Intelligent Automotive Systems
Application and Research Center (TTIS) is to develop the academic and technological
knowledge required by the Turkish automotive industry, automotive subsidiary industry and
public by doing foresight studies on future transportation systems and vehicles that work on
clean energy, intelligent vehicles, intelligent transportation systems, unmanned vehicles,
robots and robot groups and their modeling, simulation, design and realization.
To reach this objective TTIS performs the following activities:
a) Perform or contribute in research and development in the areas of intelligent vehicles,
intelligent transportation systems, other unmanned vehicles, robots, robot groups, advanced
automotive technologies, electric transportation technologies, fuel cells, vehicle technologies
that use solar cells and similar clean and renewable energies, development and application of
complicated simulation and virtual environments,
b) Performing foresight activities by following academic and technological activities and
examining tendencies to determine future technologies in areas that concern TTIS,
c) To cooperate with, organize common activities with, prepare application and research
projects, generate resources for these projects and apply and/or follow these projects with
national and international public and private organizations that perform activities in topics in
the areas that concern TTIS,
d) To organize occupational education programs in the quickly changing and renewing areas
of transportation technologies and intelligent systems, and in this context to educate the
employees of the automotive industry and automotive subsidiary industry and public and
private organizations,
e) To develop a library, electronic information bank, and archive for research in the areas that
concern TTIS, to join national and international information webs or develop a new one if
necessary, prepare periodicals or books in topics in the areas that concern TTIS,
f) To encourage masters and doctorate study, cooperate with the Science Institute to open
programs in topics in the areas that concern TTIS.
Center Director
Prof. Dr. Nejat Tuncay

Vision
In accordance with the Vision of Okan University and the Faculty of Engineering and
Architecture, to do research in the area of “Transportation Technologies and Intelligent
Automotive Systems”, to advance science and technology, and by dissemination of these to
contribute to the prosperity of its community.

Mission
To develop the academic and technological knowledge required by the Turkish automotive
industry, automotive subsidiary industry and public by doing foresight activities on future
transportation systems and vehicles and conduct R&D work on clean energy, intelligent
vehicles, intelligent transportation systems, unmanned vehicles, robots, robot groups and their
modeling, simulation, design and realization.

TTIS Research Center

Figure 1. TTIS Research Center with the two autonomous vehicles.

Projets

Okan Autonomous Vehicle
Approximately 2 years ago the Faculty of Engineering and Architecture at Okan University decided on
developing an autonomous vehicle. At this stage the automous vehicle can drive autonomously.
However , the vehicle requires barriers at the side of the road to sense the road. An overview of the
autonomous system of the vehicle is Figure 2. Currently, the road is being sensed by the LIDAR
shown in Figure 3.

Figure 2. Overview of the autonomous system of the vehicle.

Figure 3. The LIDAR shown is being used to sense the road.

Electric Steering System
The electric motor shown in Figure 4 was attached to the steering system of the vehicle. The electric
motor was attached to the steering column by gears shown in Figure 5. The electric motor after it was
assembled in the vehicle is shown in Figure 6.

Figure 4. An electric motor was attached to the steering system of the vehicle.

Figure 5. The electric motor was attached to the steering column by gears shown.

Figure 6. The electric motor after it was assembled in the vehicle
Electric Braking System
A linear electric motor is attached to the ground of the vehicle. This linear electric motor pushes the
brake pedal according to the command given by the PLC. The motor can apply a continuous force of
40N and works with 80V DC current. The linear electric motor is shown in Figure 7. The linear
electric motor is attached to the back of the brake pedal to not interfere with the driver who may want
to stop the vehicle. This is achieved by the bracket shown in Figure 8. Figure 9 shows the linear
electric motor attached to the vehicle.

Figure 7. Linear electric motor used for controlling the brake pedal.

Figure 8. The bracket used to connect the electric motor to the brake pedal.

Figure 9. The linear electric motor attached to the vehicle for brake control.
Control System
A PLC is used to control the drivers of the motors. A microcontroller card is used for executing an
obstacle detection based control algorithm. The LIDAR is connected to the microcontroller car via
RS422 serial port input with 500 KBaud (packet size : 732 bytes, packet rate: ~75 samples / seconds)
The PLC is connected to the microcontroller via RS232 serial port output with 38 KBaud (packet size:
1 byte, packet rate: ~37 samples / seconds )

Team Mekar Project
Team Mekar Participated in the Grand Cooperative Driving Challenge in 2011. The Team Mekar
GCDC 2011 vehicle is a Fiat Linea mid-sized sedan provided by our vehicle sponsor Tofas Turk
Otomobil Fabrikalari A.S. Team Mekar consists of faculty members and students from Okan
University, Istanbul Technical University, Arel University and the Ohio State University. The vehicle
is shown in Figure 10. Figure 11 shows the vehicle during the race.

Figure 10. Team Mekar vehicle.

Figure 11. The Team Mekar vehicle is shown during the race.

Our vehicle uses a dSpace microautobox for access to the vehicle CAN bus, control of the autonomous
throttle intervention and control of the electric motor operated brake pedal. The vehicle is equipped
with a Lidar, RTK GPS and an IEEE 802.11p modem installed in an on-board computer for V2V and
V2I communication. Cooperation in the CACC algorithm implemented in the vehicle is achieved by
obtaining acceleration of the preceding vehicle through V2V communication and incorporating it
through a feedforward path into the ACC algorithm which uses a Lidar along with GPS position
information. Along with Tofas, our supporting sponsor firms and universities are Otam, Mutlu Aku
and Kobil Systems, Istanbul Technical University and Okan University. Coordination of the Team
Mekar GCDC 2011 participation is carried out at Okan University.
Vehicle Platform
Our race vehicle is a Fiat Linea which is a mid-sized sedan. Our low level control and CACC
algorithms reside in a dSpace microautobox which is programmed in the Simulink environment. The
gas pedal signal is read directly by the low level controller in the dSpace microautobox and modified
according to the CACC algorithm. An electric motor with a CAN interface is used to actuate the brake
pedal based on commands from the low level controller. The low level controller receives its gas pedal
(throttle) and brake pedal (braking) commands from the higher level CACC algorithm, also running in
the dSpace microautobox. A brake pedal force sensor is mounted on the brake pedal as shown in
Figure 12 for determining manual braking action/request by the driver.

Figure 12. Brake pedal with pedal force sensor and cable connection to actuator for autonomous
braking.
Once manual braking is detected by sensing the force signal on the brake pedal, the smartmotor
shown in Figure 13, that autonomously actuates the cable connected to the brake pedal, goes to its
home position, thereby loosening the cable connection and transferring control of the brake back to the
driver.

Figıre 13. Actuator used for autonomous braking
The driver can always override the autonomous CACC system by pressing the gas or brake pedals.
The position of the gas pedal is read from the vehicle CAN bus through the dSpace microautobox
controller. There is also an emergency button placed between the driver and front passenger seats.
When the driver presses either the gas or brake pedals or the emergency button, control authority is
transferred from the autonomous controller back to the driver, the red light on top of the vehicle lights
up and stays lit. During autonomous operation, the gren light on top of the vehicle stays lit.
The vehicle is equipped with an Alasca Ibeo 4 layer Lidar placed in front of the vehicle as shown in
Figure 14.

Figure 14. Lidar Placed in Front of the Vehicle
The Lidar is used in the underlying ACC algorithm and Lidar information rather than V2V based GPS
position information is used when it is not possible to get valid data from the preceding vehicle. The
Lidar is used for obstacle detection and to make sure that our vehicle is not too close to other vehicles.
The Team Mekar vehicle is equipped with a Crossbow IMU sensor providing accelerations and
angular velocities in three axes. The throttle position, brake pedal switch, master cylinder pressure,
vehicle speed, transmission gear position, steering angle position, yaw rate, longitudinal acceleration
and lateral acceleration are read from the vehicle CAN bus using the dSpace microautobox.
The main sensor on the Team Mekar vehicle is a GPS sensor. As RTK GPS sensors turned out to be
very expensive, the Team Mekar vehicle is equipped with a standard GPS (Trimble PathfinderPro
XRS) with Omnistar correction operating at a frequency of 1 Hz. The standard GPS accuracy on our
vehicle is about 60 cm with Omnistar correction. In order to be able to beter meet the accuracy and
update rate requirements for the GCDC 2011, we rented an RTK GPS sensor (Trimble R6). This RTK
GPS sensor was tested at Okan University and found to provide an accuracy on the order of
centimeters. We will be using the RTK base units in Vehil and on A270 provided by TNO during the
GCDC 2011 event. Our RTK GPS receiver unit was programmed based on the specifications of the
TNO RTK base stations. This receiver will be used with our V2V modem for providing our vehicle’s
high precision position and heading information at 10 Hz.
The most critical equipment in the Team Mekar vehicle is the IEEE 802.11p modem placed in an onboard computer unit. This unit is connected to a high performance computer where the GCDC
Interaction Protocol runs as Java code. The two IEEE 802.11p modems that we are using and one onboard computer (Alix) were provided by TNO during the January workshop. We added another onboard computer (Alix). Our two V2V modems and our RTK GPS receiver are shown in Figure 15.

Figure 15. The Two IEEE 802.11p Modems inside the V2V units and the RTK GPS Receiver
In the development work two standard GPS receivers (both Trimble Pathfinder Pro XRS units) were
connected to the modems which were placed at different locations to test and develop the V2V and
V2I communication code for the GCDC 2011. The communication software uses the interaction
protocol and examples provided by TNO. The communication test in the January workshop was
successful. The Java environment was chosen as it worked without problems in the January workshop
and also because Java code is highly portable.
An inverter was added to the vehicle for generating 220 V d.c. for the GPS unit and the laptop
computers being used. As the additional sensors, dSpace microautobox and the smartmotor actuator
for autonomous braking require extra electrical power, a set of eight extra batteries were added to the
vehicle. Three of them are charged by the vehicle itself during driving. The emergency switch, and the
extra power system required the addition of another electrical system with contactors to the base
vehicle. The inverter, the contactors and the batteries placed in the baggage compartment are shown in
Figure 16.

Figure 16. Inverter, contactors and extra batteries
An electrical circuit with relays was designed and implemented for automatic control of the throttle
input. The standard gas pedal was changed with a modified gas pedal with a bypass connection to the
dSpace microautobox which calculates and sends the necessary throttle inputs. Upon transition from
autonomous to manual driving the original gas pedal interface is retrieved.
Cooperative Adaptive Cruise Control
Our CACC algorithm is built on top of our previous work on ACC [1-4]. We had originally planned to
use the mixed CACC method presented in [5] which we still want to develop further and evaluate
experimentally. In order to be compatible with the rest of the teams and the rules, we decided to use a
modified version of the CACC algorithm presented in [6].
Two different vehicle models were used in our study. The first one is a relatively simple single track
vehicle model modified with longitudinal vehicle dynamics including the engine map and automated
transmission (see ref. [3]). A higher complexity Carsim model was also created. Both the simpler
Simulink model and the Carsim model are used to create a platoon of CACC vehicles. The vehicles
are asked to have a spacing of 30 m (safety distance according to the rules) plus a time headway of 0.6
sec. All simulated vehicles are Fiat Linea mid-sized sedans at the moment. However, it is very easy to
change the characteristics of any vehicle in the platoon. Simulation runs have indicated stable
operation. The vehicles switch from CACC to CC when they are a platoon of only one vehicle. The
CC controller is designed using the COMES toolbox [7].
In CACC operation, our V2V modem continuously sends the required static and dynamic info about
our vehicles and listens to the communication from the other vehicles and the road side units. The

location of the other vehicles is determined in our high level control algortihm. Our higher level
control algortihm also makes decisions on joining platoons and stopping at traffic lights.
The GCDC 2011 challenge scenarios are built into the simulations. Probable lead vehicle speed
profiles are used in the simulations. Our aim is to test the whole control and decision making logic
(platoon formation and traffic lights) in the simulation environment first and then to generate code
automatically. We also plan to add actual V2V modems with simulated GPS sensors to future real
time simulations.

Workshops
TTIS regularly organizes workshops in the area of intelligent vehicles. In 2011 two workshops were
organized.

Workshop on Intelligent Vehicles and Energy (June 27
2011)
On June 27, 2011 a Workshop on Intelligent Vehicles and Energy was carried out at Okan
University.
Vehicular transportation is responsible for a significant fraction of the energy consumed in the
world. It is clear that as demand for personal mobility continues to increase in developing
economies, the demand for energy will grow with it. The use of ITS (Intelligent
Transportation System) technologies in a broad sense must therefore be coupled with a deep
understanding of the energy implications of different modes of transportation and with the
introduction of alternative energy supplies. In this context, the initiation of EVs (Electric
Vehicles) and PHEVs (Plug-In Hybrid Electric Vehicles), the use of dense, autonomous
driving on highways, the utility of real-time traffic congestion information for Hybrid and
Electric vehicles, are all examples in the important "ITS-Energy" domain, the topic of this
Workshop.

Workshop and Exhibition on Intelligent Transportation
Systems (December 9 2011)
On December 9, 2011 a Workshop and Exhibition on Intelligent Transportation Systems was
carried out at Okan University.
The objective of this workshop was to bring together public-private personnel and
administrators, and academicians that are interested in “Intelligent Transportation Systems”.
The output was to help form a roadmap by improving cooperation in certain research topics.
At the workshop, Turkey’s priorities and related stakeholders in the area of “Intelligent
Transportation Systems” have been determined. Research studies will be focused on these
areas initially. Okan University “Transportation Technologies and Intelligent Automotive
Systems Application and Research Center” will form a knowledge network with Ohio State
University and related European Universities and become an excellence center for work in
this area.

Equipment List
TTIS owns the following equipment for use in its automotive research:























2 Fiat Linea autonomous vehicles
3 LIDAR’s (1 Ibeo Lux Fusion Lidar)
Dspace microautobox II control unit
IMU
2 Robots
Batteries and chargers
MATLAB
Laptop
CAN-Bus Card
Electric motor
Electric motor driver
Linear electric motor
Linear electric motor driver
PLC
Carlifter
Stereo camera
High accuracy GPS
PC
Inverter
Microcontroller card
CarMaker Simulation Program
4 IEEE 802.11p modems

Future Work
1) In the next stage of our projects a high accuracy GPS (Global Positioning System) will be
integrated to the vehicles. In this way the vehicles will be able to follow the road even if there
are no barriers on the side of the road. Of course, for this to occur it is assumed that the
coordinates of the road are known previously.
2) It is planned for the two autonomous vehicles at Okan University to communicate using V2V
(Vehicle to Vehicle) communication systems. V2V communication is not just useful for
autonomous vehicles but for non-autonomous vehicles as well. However, autonomous
vehicles can move in a more coordinated way using V2V communication. It is especially
useful when placing more vehicles close together on the highway.
3) Vision systems will also be integrated into the autonomous vehicles in the future.
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