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 Abstract- Incorporation of a good machine vision into mobile 
device can create a powerful application. With such advancement, 
mobile users can use their existing smartphone as their third-eye 
to perceive the world. This paper introduces a framework using 
the smartphone to increase ambient intelligence and road safety of 
moving vehicles through traffic sign alert application. The driver 
is alerted of the incoming traffic signs in different modes 
depending on the user’s preference. However, the competency of 
the application is still bounded with the capability of a normal 
human vision. Unlike conventional research work, this paper 
emphasizes on portability and expandability. Portability means 
there is no additional installation or placement of electronic 
hardware required in the vehicle in order to make the system 
work. Expandability focuses on the transparency of the traffic 
sign recognition output to other applications within same 
hardware device or external devices. This provides an option to 
other developers to use or expand their own applications by using 
the result of the proposed application. An interaction model of the 
traffic sign recognition system on mobile device is introduced. 
 

Keywords- traffic sign recognition, mobile platform, interaction 
model  
 

I. INTRODUCTION 
 

Road safety is important for drivers and the passengers 
inside the vehicle. The driver usually relies on his/her vision to 
comprehend the visual inputs while driving. The visual inputs 
can be the weather condition, road condition, road signs, 
billboards, landmarks, presence of other automobiles and 
pedestrians. It is difficult for the driver to pay attention in a 
monotonous journey. The driver’s attention span can also be 
affected by poor health physically or emotionally. Hence, there 
is a motivation to use machine to increase road safety via 
driver alert system. Machines can utilize information from 
proximity sensors, global positioning system (GPS) or/and 
camera to interpret the condition outside the vehicle. The 
problem of the current in-vehicle driver assistant unit is the 
requirement to purchase an additional electronic unit or 
software license. This usually comes with certain cost for the 
purchase and maintenance. 

The objective is to propose a vision system based traffic 
signs warning application that can be downloaded and used in 
a smartphone without installation of any additional electronics 
hardware. Subsequently, this offers a lower cost to use the 

application as the users can use an existing but compatible 
smartphone. The application needs to be downloaded into that 
smartphone and then be installed. In order to utilize the 
application, the phone needs to be placed on the windscreen 
where the camera faces the road. Eventually, the maintenance 
cost tends to be lower, as a user only needs to maintain one 
smartphone instead of extra electronic devices. The cost 
friendly solution facilitates the second motivation, which is to 
enable the technology to benefit more users. The third 
objective is to make the result of the traffic sign recognition 
transparent to other applications or devices. An example of a 
third party application is an autonomous vehicle that is 
required to navigate on the road. The third party applicant can 
use the result to enhance their own application or system, 
without having to develop their own traffic sign recognition 
algorithm. Fig. 1 portrays few main functions performed on the 
smartphone for traffic sign recognition and the access to the 
recognition result by one or more users. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Traffic sign recognition on smartphone 
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The difficulty faced in vision-based mobile application lies 
within both hardware and software. Smartphone application 
developers process image either fully on the phone itself or 
partially on the server side, where the phone is the client. For 
the later, a wireless connection is required. Most smartphones 
are equipped with camera with at least two mega-pixels. The 
processing power of smartphones is advancing. Memory 
capacity can be extended and the internal memory size is 
growing too. Hence, smartphone is a suitable candidate to be 
explored for the vision-based traffic signs warning application 
without requiring additional electronics hardware. The 
challenge is machine vision interpretation tends to consume 
high processing power and large memory space. Those features 
usually lack in smartphones, even today. Improvement in 
vision algorithm will be used to overcome the problem.  

In this paper, background study is presented in section II to 
recapitulate the topics involved and to emphasize the 
importance of vision based traffic sign recognition framework. 
Later, framework of the application is described in section III 
together with a preliminary result of traffic sign recognition 
based on image processing. Last but not least, conclusion for 
the paper and the future work is shared in section IV. 
 

II. BACKGROUND STUDY 
 

The background study comprises of four main areas, which 
are traffic sign recognition, overview of mobile computing, 
vision application on mobile device and a quick review on in-
vehicle infotainment trend. Traffic signs can be recognized 
through vision or through wireless identification. Traffic sign is 
erected by human and subjected to changes. Thus, it is difficult 
to keep track the exact location in order to enable its visibility 
on a GPS later. Traffic sign cannot be recognized by a very 
good resolution satellite image because the traffic signs are 
erected facing the horizon but not towards the sky. A wireless 
identification of traffic was proposed by sensing a transmitter 
placed on the traffic signs [1]. The disadvantage of the method 
is the need to have an access point facing the incoming vehicle 
for each traffic sign. The authors reported it is difficult to 
identify traffic signs which are relevant to the driver. 
Additional hardware required for that method may not be 
practical in near future. Vision based recognition is more 
practical than wireless identification method. 
 
A. Traffic signs Recognition 

Traffic sign recognition usually starts with detection, 
rectification and then recognition. Tracking method can also be 
employed to speed up recognition as a smaller area of detected 
object can be targeted for recognition. Research on traffic sign 
recognition has started since 1984 in Japan [2]. It is an 
important and widely researched topic in machine vision for 
road safety and autonomous ground vehicle. Several challenges 
of vision based traffic signs recognition are listed below: 

1. Different road signs (e.g. shape, color, standardization) 
2. Lighting variation (e.g. day, night) 
3. Weather (e.g. rain, snow, dust, mist, reflection) 
4. Location to deploy application (e.g. urban, rural area) 

5. Background (e.g. presence of building, static/moving 
vehicle, road, signboard, trees) 

6. Affine transformation of the road sign (e.g. scaling, 
rotation, shearing) 

7. Occlusion of the road sign 
8. Deformation of the road sign due to vandalism or weather 
9. Difference in the hardware devices 
10. Different placement or positioning of the camera 
11. Different speed of the moving vehicle 
Nguwi et al. [3] performed a study on road sign recognition 

methods. In other to perform road sign recognition, the road 
sign needs to be detected first. Color-based and shape-based 
methods are used due to distinction of the road signs based on 
colors and shapes. Examples of color based methods are static 
threshold, dynamic threshold and color indexing in various 
color spaces. Tsai et al. [4] proposed a novel Eigen color 
model for road sign detection based on the reflectance property 
that exist on the signage compared to the natural background. 
Comparison of separation ability between proposed method 
and various color spaces such as RGB, YIQ, LUV and L*a*b 
were performed. Fisher criterion was used to measure the 
separation ability and the result indicates that their proposed 
color model has higher separation ability. In contrast, shape 
based approach does not require color information. Thus, 
grayscale images are often used in this approach. Shape based 
method can be more robust during illumination invariance 
compared to color based method. However, shape based 
method tends to be difficult in situation where there is 
occlusion or affine transformation of the road signs viewed. 
Examples of shape based approaches are Hough transform, 
template matching and etc. Combination of both color and 
shape features are often utilized in detection process. Other 
more sophisticated methods that were used along with color 
and shape information for more robustness are support vector 
machines (SVM) [5], neural network and genetic algorithm. 

Once the road sign is detected, the road sign needs to be 
recognized. Feature extraction needs to be performed to 
differentiate various road signs. Then, the feature will be 
compared with a standard representation of the specific road 
sign. The comparative value will determine whether the road 
sign is classified into the correct category. Examples of 
methods used for classification are template matching [6], 
Gaussian-kernel SVMs, character recognition for speed limit 
sign [7] and other hybrid classification techniques [8]. 
Saturnino et al. performed road sign detection and recognition 
based on SVM. The mean processing speed is 1.77s per frame 
and the best recognition success probability reported was 
93.24%. Soigkas and Dermatas [6] reported an improvement of 
detection and recognition rate from below 45% to 81.2%, by 
employing tracking method. Fatmehsan et al. [8] obtained 
93.1% accuracy using a hybrid one-vs.-rest SVM and naïve 
bayes classifier for detection and recognition of red color based 
road signs. The algorithms reported were mostly tested on 
generic computer and written in C/C++. It is also difficult to 
compare the actual performance as there is neither a 
standardized dataset nor a standardize procedure for evaluating 
the performance in terms of speed and accuracy.  
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B. Overview of Mobile Computing 
A computer or controller that is portable is termed as a 

mobile hardware platform. Notebook, netbook, mobile phones 
or any other portable embedded systems are considered as a 
mobile platform. Hence, there could be millions of existing 
mobile platforms today. A mobile hardware platform has the 
capability to acquire data, process data and provide outputs. It 
has its own processor, memory, input-output devices and 
power supply to support portability. 

Mobility of such platforms supports ubiquitous computing. 
Ubiquitous computing emerged as a post-desktop revolution 
with the advancement and miniaturization of technology. 
Mobile hardware interconnects with the sub-devices within the 
platform and connects with other devices using wired or 
wireless connectivity. The inter-connections and outer-
connections are invisible to at the eyes of end user. Thus, 
mobile hardware platform has the ability to satisfy “at 
anywhere, anytime” utilization and “disappearing computer” 
concept of ubiquitous computing. The ambient intelligence 
paradigm builds upon ubiquitous computing. Ambient 
intelligence is accomplished through an electronic device that 
has reactive behavior to give the appropriate response to the 
human user in a specific environment. Mobile hardware 
platform is able assist in delivering ambient intelligence into 
dynamic environment, such as moving vehicles. 

 
C. Vision Applications on Mobile Devices 

Several vision-based mobile phone applications have been 
developed. The applications are a part of Augmented Reality 
(AR), where the real-world images or video are interpolated 
with computer generated graphics. Examples of vision based 
applications are landmark detection via Content Based Image 
Retrieval (CBIR) [9, 10], pose tracking of natural feature [11], 
face and eye detection [12]. In contrast with computer based 
vision approach, many of the AR approaches today rely mostly 
on the global positioning system (GPS) and sensors such as the 
accelerometer. According to Gammeter et al. [9], AR relaying 
on visual recognition tends to have more advantage on both 
stationary and non-stationary objects. Image processing on 
smartphone application can be conducted on the client and/or 
the server. The client is the phone, while the server is a super 
computer connected to the phone wirelessly. Most applications 
perform more complex image processing on the server, as the 
processing can be faster and huge database can be stored at the 
server side. Those applications require a persistent wireless 
connectivity, which may pose as a problem in some rural areas. 
On a single device processing, the challenge lies when the 
image processing algorithm gets complex that it takes up larger 
memory space and reduces the speed of recognition. The 
hardware limitation issue can be tackled either through 
software and/or hardware [13]. 
 
D. In-Vehicle Infotainment System 

Few car manufacturers have turned to mobile application 
developers to built in-vehicle infotainment system. Ford 
introduces MyFord Touch which comprises of features such as 
media hub, phone, voice recognition, navigation, climate 

control, audio system, driver’s personalization and other 
services [14]. MyFord Touch is a dedicated piece of electronics 
hardware embedded in certain models of Ford vehicles but 
with no capability for traffic sign recognition. Daimler has 
introduced Smart Drive Kit that works together with an iPhone 
to provide several in-vehicle infotainment functions for Smart 
car. In future, the designer intends to connect a camera to the 
Smart Drive Kit via wireless local area network (WLAN) to 
enable future applications such as traffic speed limit 
recognition [15]. Their proposed method requires three 
electronics devices which are the camera, a Smart Drive Kit 
and an iPhone. BMW was also spotted to seek Daimler for the 
vehicle infotainment solution as well. Other in-vehicle 
infotainment systems are Nokia’s Terminal Mode [16] and 
Intel Atom chipset based in-vehicle infotainment system [17].  

Several cars manufacturers have adopted Advance Driver 
Assisting System (ADAS), which includes traffic signs 
recognition. For instance in year 2008, Mobileye partnered 
with Continental AG launched three features in BMW 7 series, 
namely the lane departure warning, speed limit information 
based on traffic sign detection and intelligent headlight control 
[18]. Image processing is performed on a dedicated multi-core 
processor, namely the Mobileye EyeQ [19]. Mobileye uses 
both image and GPS mapping information to detect speed limit 
signs [20]. In contrast, Opel Eye on several models of Opel 
cars relies solely on image processing for traffic sign 
recognition. Opel Eye comprises of a set of dedicated hardware 
integrate into the car. The recognition capability is limited by 
speed and poor weather conditions [21]. 

From the commercialized or ongoing activities surrounding 
in-vehicle infotainment system, the companies emphasize on 
both software and hardware approach to enable their system. 
Most solutions are dedicated towards certain car models. We 
viewed a mobile application development problem at a 
different angle, as a software solution will be emphasized 
while the existing hardware resource is used. In addition, 
traffic sign recognition solely based on image processing 
method processed on the phone itself is unavailable.  

 
III. FRAMEWORK 

 
The traffic sign alert application is proposed to operate under 

different kinds of behavior in order to adapt to the needs of the 
user. The system is dependent upon machine vision as the sole 
engine for recognition. The behaviors are generalized below: 
1. Warning mode: The driver is alerted for warning signs. 

Warning signs at a further distance can be recognized. 
2. Long distance driving mode in rural area: The driver is 

alerted for incoming traffic signs. 
3. Tracking mode: The traffic sign is continuously tracked. 

The Maddix Human-Computer Interaction (HCI) model is 
used to initiate the framework for the mobile traffic sign alert 
system. Maddix HCI model consists of physical, syntactic and 
semantic level [22]. A HCI modeling intends to describe the 
interaction between human and computer which includes the 
software and hardware levels of the computer itself. In Maddix 
HCI model, the physical level involves the physical contact 
between the human and the computer to exchange information. 
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The human commands the computer of a task at the semantic 
level. The structural information is translated into meaningful 
information by the computer at the syntactic level. Maddix 
HCI model has been employed in Human-Robot Interaction 
(HRI) as well [23]. A model is proposed in this paper to 
elucidate the components involved and to exhibit the affiliation 
between the user and the smartphone. Fig. 2 summarizes the 
model for traffic sign alert system. The following subsections 
provide explanation in more details of each component within 
the model and their interaction. 

 
A. Physical Level 

The physical level consists of the physical component that 
resides in the mobile device itself such as the input, output and 
memory. The application requires at least a touch screen or a 
keypad input, in order for the user to initiate or change 
command. The screen acts as the main output interface. It is 
capable of displaying a graphical user interface (GUI) for 
behavior selection. Besides that, the result of the traffic sign 
recognition can be displayed as AR on the screen. The user 
should also have an option to run the application in background 
mode. This means that the application can run using sound 
alert instead of graphical AR. The memory is where the 
database of a standardize traffic sign are stored and can be 
updated from time to time. The database does not consist of 
images but rather a feature set that have reduced 
dimensionality to represent each traffic sign. Other important 
components are the processor and the camera. Most 
smartphones today should have sufficient physical components 
to perform simple image processing.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 2. A model for the traffic sign alert framework 

B.    Semantic Level 
Semantic level consists of the input commands by the user. 

Upon starting the application, a simple GUI appears to prompt 
user on some information and options available. It is important 
to take note not to burden the user with too much information 
or options. Complexity of a GUI tends to make a user bored or 
impatient. Upon a mode selection, the application immediately 
detects day and night via the clock of the mobile device. 
Additional information such as the geographical location of the 
mobile device might be helpful to estimating the brightness of 
the environment. Identification of day and night is helpful for 
the image processing algorithm to adjust the recognition in 
dark and bright environment. Image processing methods can 
also be used to verify the brightness of the environment. 

 
C.    Syntactic Level 

The syntactic level encompasses translation of the visual 
information into recognition of traffic signs for alert. The 
camera views the environment as video form. Hence, frame by 
frame of image must be grabbed to perform image processing. 
The image is processed to detect then recognize signs. Color 
and shape based features will be incorporated for the detection. 
Once detected, the region of interest will be segmented for 
recognition. The prominent feature of the region of interest will 
be computed. Then, a comparison will be made with the 
database of a standard feature set residing in the memory. 
Tracking method may be employed to increase the speed of 
detection and recognition at later stage. Upon recognition of 
the traffic sign, the user will be alerted through display or 
sound.  

Fig. 3 portrays a preliminary methodology of a “no turning 
left” traffic sign recognition based on various low level image 
processing steps using color thresholding, shape indexing, edge 
detection and binary image template matching. Color and 
shape information are used to discard irrelevant information. 
Template matching is based on binary edge information. 
Similarity value between test image and template image is 
computed based on the equations (1) and (2): 

 
     True,  if Matching index > 0.3 
Recognition =  
     False,  if Matching index ≤ 0.3               (1) 
where,  
Matching index  =       No. of overlapping pixels       

      No. of white pixels in edge object         (2) 
 

The size of edge object must be normalized to match the size 
of template object before matching proceeds. The Matching 
index value for test image in Fig. 3 compared with a standard 
template for “no turning left” sign is 0.37. In contrast, the 
Matching index value for the same test image compared with a 
standard template for “no turning right” sign is 0.16. Via the 
Matching Index value, the recognition of the actual “no turning 
left” sign from the test image can be discriminated. However, 
the image processing algorithm needs to be refined further 
before implementation on the smartphone to improve its 
robustness against changes in a dynamic environment. 
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1. Test image a   
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 

 
 
 
 

Fig. 3. Low level image processing for traffic sign detection and recognition 
 
D.    Interaction  

Inter-connectivity of each component of the traffic sign alert 
model is illustrated in Fig. 2. Outer-connectivity of the 
application to the other applications on the mobile device and 
the environment are shown as well. The inter-connectivity is 
shown as arrows 1 to 4. Arrow 1 indicates that the input from 
the physical level is translated into commands. Arrow 2 
indicates that a change in command can be displayed in the 
output device of the physical level. 

Behavior selected by user and early information of day/night 
in semantic level is passed to the syntactic level via Arrow 3 in 
Fig. 2. Thus, the vision system could produce the suitable 
output for the corresponding behavior. The syntactic level also 
interacts with physical level directly and continuously for 
image processing. The processor and memory are used 
extensively during processing of the images. As recognition is 
performed, the user is alerted via the output devices in the 
physical level. The bidirectional data highway is represented as 
Arrow 4. Accuracy and speed of the application must meet the 
system’s real-time and reliability constraints.  

The traffic sign recognition result is continuously place in a 
location of the memory where it is made public to other 
applications. Other applications need to have their own means 
of method to retrieve the public data. The outer-connectivity is 
represented by arrows 5 and 6. Other applications refer to any 
other applications that reside within the mobile device. For 
instance, the traffic sign recognition result can be used along 
with a driver’s attention detection application via Arrow 5. If 
the driver is detected to be sleepy, the volume of the speaker 
can be tuned up to inform the driver of a recognized traffic sign 
by the third-party application.  

 
a Test image was obtained from http://agamenon.tsc.uah.es/Investigacion/gram/ 

Dynamic environment represents any element outside the 
mobile device. The environment is termed as dynamic as the 
vehicle is moving. Hence, the scene viewed by the mobile 
device is always changing. Optical flow of the scene may be 
inconsistent as a human can drive a vehicle at various speeds. 
The environment may also contain other electronic devices 
inside or outside the vehicle. Other electronic devices inside 
the vehicle can communicate with the smartphone wirelessly or 
through wired connection. Electronic devices outside the 
vehicle need to communicate with the smartphone wirelessly. 
These are represented by Arrow 6. 

 
IV. CONCLUSIONS & FUTURE WORK 

 
A conceptual framework of a traffic sign recognition system 

on mobile device is presented. The traffic sign alert framework 
proposed in this paper is an infant step to developing a fully 
functional application on a mobile device. The interaction 
model is designed to produce clarity on the complexity 
involved in realizing a machine vision on a mobile device that 
operates in dynamic environment. The model is divided into 
physical, semantic and syntactic levels to depict human and 
smartphone interaction during the mobile application 
utilization. Result of the application is proposed to be made 
available for applications that reside within the same mobile 
device or other electronic devices to assist in further expansion 
of other applications’ capability.  

The future work emphasizes on realizing the traffic sign 
recognition through vision techniques on a targeted 
smartphone. The aim is to enable the smartphone to recognize 
traffic signs as how a driver would perceive a sign. Through 
research on software based solution to overcome inadequacy of 
hardware computation power for image processing, traffic sign 
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recognition algorithm is intended to run on the smartphone 
alone. The phone’s hardware resources will be used to capture 
image, process image and interact with user. Hence, the 
purchase and maintenance cost by an end user aimed to be 
lower than having to plug in additional piece of electronic 
hardware to run the image processing algorithms or other 
processes for interaction. A preliminary traffic sign recognition 
result based on low level image processing technique was 
presented. The authors hope to develop a novel image 
processing algorithm in the area of traffic sign recognition that 
can help to compensate the hardware limitation of the 
smartphone, operates in real-time and adaptable to some 
variations in the environment. 

 
REFERENCES 

 
[1] A. Katajasalo and J. Ikonen, "Wireless identification of traffic signs using 

a mobile device", in Proc IEEE 3rd International Conference on Mobile 
Ubiquitous Computing, Systems, Services and Technologies, Sliema, 
Malta, pp.130 - 134, Oct. 2009. 

[2] P. Paclik, “Road Sign Recognition Survey”, [Online:  08 Sep 2010]. 
Available: http://euler.fd.cvut.cz/research/ rs2/files/skoda-rs-survey.html 

[3] Y.Y. Nguwi and A. Z. Kouzani, “A study on automatic recognition of 
road signs”, in Proc IEEE Conference of Cybernetics and Intelligent 
Systems, Bangkok, Thailand, pp.1 – 6, Jun. 2006. 

[4] L. W. Tsai, et al., “Road sign detection using eigen color”, Journal of 
IET Computer Vision, Vol. 2, No. 3, pp.164–177, 2008. 

[5] M. B. Saturnino, L. A. Sergio, G. J. Pedro, G. M. Hilario and L. F. 
Francisco, "Road-sign detection and recognition based on support vector 
machines," IEEE Transactions on Intelligent Transportation Systems, 
Vol. 8, No. 2, pp.264 - 278, Jun. 2007. 

[6] G. K. Siogkas and E. S. Dermatas, "Detection, tracking and classification 
of road signs in adverse conditions," in Proc. IEEE Mediterranean 
Electrotechnical Conference, Benalmádena (Málaga), Spain, pp.537 - 
540, May 2006. 

[7] Y. P. Wong, M. P. Shi and T. Wu, "A method of fast and robust for 
traffic sign recognition," in Proc. IEEE Fifth International Conference on 
Image and Graphics, Shanxi, China, pp.891 - 895, Sep. 2009. 

[8] Y. R. Fatmehsan, A. Ghahari, R. A. Zoroofi, R.A, "Gabor wavelet for 
road sign detection and recognition using a hybrid classifier", in Proc. 
IEEE International Conference on Multimedia Computing and 
Information Technology, Sharjah, United Arab Emirates, pp.25 - 28, Apr. 
2010. 

[9] S. Gammeter, A. Gassmann, L. Bossard, T. Quack and L. V. Gool, 
"Server-side object recognition and client-side object tracking for mobile 
augmented reality", in Proc. IEEE Computer Vision and Pattern 
Recognition Workshops, California, U.S.A, pp.1 - 8, Jun. 2010. 

[10] Y. Zhou, X. Fan, X. Xie, Y. Gong and W. Y. Ma, "Inquiring of sights 
from the web via camera mobiles", in Proc. IEEE International 
Conference on Multimedia and Expo, Ontario, Canada, pp.661 - 664, Jul. 
2006. 

[11] D. Wagner, G. Reitmayr, A. Mulloni, T. Drummond and D. Schmalstieg, 
"Pose tracking from natural features on mobile phones," in Proc. IEEE 
International Symposium on Mixed and Augmented Reality, Cambridge, 
U. K., pp.125 - 134, Sep. 2008. 

[12] A. Hadid, J. Y Heikkild, O. Silven and M. Pietikdinen, "Face and eye 
detection for person authentication in mobile phones," in Proc. 
ACM/IEEE 1st International Conference on Distributed Smart Cameras, 
Vienna, Austria, pp.101 - 108, Sep. 2007. 

[13] S. E. Lee, Y. Zhang, Z. Fang, S. Srinivasan, R. Iyer and D. Newell, 
"Accelerating mobile augmented reality on a handheld platform", in 
Proc. IEEE International Conference on Computer Design, California, 
U.S.A, pp.419 - 426, Oct. 2009. 

[14] “MyFord™ Defines a New Driver Experience,” [Online: 29 Sep. 2010]. 
Available: http://www. thefordstory.com/smart-technology/myford%E2% 
84%A2-defines-a-new-driver-experience/ 

[15] "Smart Drive Kit for The iPhone," [Online: 29 Sep. 2010]. Available: 
http://500sec.com/smart-drive-kit-for-the-iphone/ 

[16] "Integration of Mobile Apps into the Vehicle HMI: Terminal Mode", 
[Online: 29 Sep 2010]. Available: http://www.nokia.com/NOKIA_ 
COM_1/Microsites/terminalmode/pdf/terminal_mode.pdf 

[17] “In-Vehicle Infotainment,” [Online: 29 Sep. 2010]. Available: 
http://www.intel.com/design/embedded/ infotainment/ products.htm 

[18] “BMW”, [Online: 28 Jan 2011]. Available: 
http://www.mobileye.com/manufacturer-products/product-
launches/BMW 

[19] P. S. Gideon, R. Elchanan, H. Gaby and S. Amnon, "A  computer vision 
system on a chip: a case study from the automotive domain" in Proc 
IEEE Computer Society Conference on Computer Vision and Pattern 
Recognition, San Diego, CA, USA , pp. 130 - 134, Jun. 2005. 

[20] “Test: traffic sign recognition systems”, [Online: 28 Jan 2011]. 
Available: http://www.inautonews.com/test-traffic-sign-recognition-
systems 

[21] “Reward 2010 – Opel Eye”, [Online: 28 Jan 2011]. Available: 
http://www.euroncap.com/rewards/opel_eye.aspx 

[22] F. Maddix, Human-Computer Interaction: Theory and Practice, Ellis 
Horwood Limited, England, 1990. 

[23] H. L. Wong and S. H. M. Amin, "Skin color detection based on various 
chrominance pairs from multiple color spaces for face detection in 
human-robot interaction", Jurnal Elektrika, Vol. 7, No. 1, pp.35-44, Jun. 
2005. 

 
 

272



<<
  /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 /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 false
  /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
    /AdobeSansMM
    /AdobeSerifMM
    /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
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /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
    /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
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /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
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /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
    /EuroSig
    /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
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-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
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /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
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /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
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /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
    /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 200
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


