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ABSTRACT 
Camera and Lidar are important sensors in the automated vehicle sensing stack. In order to 
ensure safety of automated vehicles we need to understand the working of these sensors and 
verify their functioning in different edge cases so we can understand their characteristics in the 
operational design domain (ODD). In this study we will demonstrate how to apply the sensor 
modelling framework developed in [1] to model the functioning of these sensors.  
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1 Introduction 
 
Understanding and modelling sensor characteristics is an important activity for ensuring 
autonomous vehicle safety. A typical sensing stack for an autonomous vehicle consists of 
Camera, Lidar, Radar, Sonar, GPS and IMU sensors. Camera and Lidar are important sensors 
in this sensing stack and are mainly used in the perception and localization functions. In order 
to ensure the safety of automated vehicles we need to understand the working of these sensors 
so we can understand their characteristics in the operational design domain (ODD). This ODD 
consists of the normal operating ranges of light conditions and weather conditions and also the 
edge cases where it becomes more difficult for the sensors to function properly. In order to 
check the working of the sensors in various conditions, the ability to simulate them and perform 
virtual testing can be of great help since it is costly to engineer the full range of scenarios 
physically. It is therefore also important to have reliable sensor models within such simulations. 
 
In this study we demonstrate how to model the functioning of these sensors, and we use the 
sensor modelling framework to construct models of each of them, addressing several edge 
cases in the process. 
 
Section 2 focuses on the camera sensor and Section 3 focuses on the Lidar sensor. Both 
sections have the same structure. We first introduce the sensor and give a brief description of 
the phenomena intended to be modelled in the report. We then follow the sensor modelling 
framework [12] in building models for these phenomena. We then illustrate the models by 
simulating them on appropriate datasets. We then conclude and briefly discuss areas for future 
work. 
 
 
2 Camera Sensor 
 
Cameras used in automated vehicles are a very important part of the sensing system and they 
are used for various purposes including pedestrian identification and sign detection [2]. These 
sensing activities are safety critical, and faults in performing these sensing activities properly 
could result in major accidents, such as the high-profile case of the Uber car crash [3]. Hence 
establishing the reliability of camera sensors through an understanding of how they operate is 
crucial.  
 
2.1 Sensor Functioning 
 
Modelling can either take a data driven or a physics based approach [1]. Because of the high 
degree of physical understanding around how cameras function, a physics based model is 
usually appropriate. The modelling process then involves determining the right mathematical 
equations and fitting parameters using available calibration data. In order to simulate a sensor 
we need to understand the various functioning parts and the different phenomena that occur 
in their operation. A digital camera consists of lenses, optical sensors and a digital image 
processor [4]. The light from the scene passes through the lens and interacts with the optical 
sensor which then captures an image signal. The signal is then processed through the digital 
image processor to provide the final output of the camera sensor. Some of the different 
phenomena adversely affecting image accuracy that can occur during this process of capturing 
images are lens flare, lens distortion, focus blur and motion blur. We next give a brief 
explanation of some of these effects. 
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2.1.1 LENS FLARE 

Lens flare is caused by the interaction of light with the lenses. Lens flare can be understood 
by considering the process of reflection and internal reflection of the light passing through the 
lenses.  
 
 

 

Figure 1 Primary and Secondary reflection inside lens causing lens flare [5] 

 
Consider the case of a multi lens system as shown in Figure 1. The rays coming from the right 
(the scene) represent the primary beams which pass through the lenses. These primary beams 
are also reflected and refracted several times in primary and secondary internal reflections, 
and the reflected beams interact with the sensors as well. The beams with high intensity (e.g. 
direct rays from the sun) have a large enough first order and second order reflection 
component to be registered twice causing flare imprints on the image capture [5]. 
 

 

Figure 2 Lens flares patterns in different lens configurations [6] 

 
Illustrations of these effects can be seen in Figure 2, which shows the flare components of 
lenses for different lens configurations. The output intensity of a single reflection flare 
component can be obtained using the approximation below [5]. 
 

௟௘௡௦ܨ ൎ ܯሺ2ܯ െ 1ሻܫ௦௢௨௥௖௘ܴ௟௘௡௦
ଶ  
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Here the output intensity ܨ௟௘௡௦ depends on the number of lens elements ܯ, the source intensity 
 ௦௢௨௥௖௘ and the reflectivity of the lens surface ܴ௟௘௡௦. The details of the reflective glare elementsܫ
themselves can be simulated by ray tracing and integrating the appropriate rays over the 
sensor, which requires heavy computation [6]. An alternative, more computationally light, 
approach is to make use of flare templates, such as those shown in Figure 3 [7].  
 

 

Figure 3 Different flare templates [7] 

 
These flare templates can be superimposed onto images to obtain simplistic versions of lens 
flares obtained from the previous models. We have used this approach in the current study. 
 

2.1.2 LENS DISTORTION 

Another phenomenon that it is important to model is lens distortion. Lens distortion is caused 
by the curvature of the lens while capturing the images. Light is bent while passing through the 
lens and this occurs unevenly at different regions in the lens. This uneven bending of light for 
different regions of the captured scenery resulting in lens distortion. The lens distortion 
phenomenon is illustrated in Figure 4. 
 

 

Figure 4 Lens distortion effect [8] 

 
In [8], lens distortion is modelled using a polynomial model 
 

௨ݔ ൌ ௗݔ ൅ ௗଶݎଵܭௗሺݔ ൅	ܭଶݎௗସ ൅	ܭଷݎௗ଺ሻ ൅ 2 ଵܲݔௗݕௗ ൅ ଶܲ൫ݎௗଶ ൅ ௗݔ2
ଶ൯ 

௨ݕ ൌ ௗݕ ൅ ௗଶݎଵܭௗሺݕ ൅	ܭଶݎௗସ ൅	ܭଷݎௗ଺ሻ ൅ 2 ଵܲݔௗݕௗ ൅ ଶܲ൫ݎௗଶ ൅ ௗݔ2
ଶ൯. 

 
Here ݔ௨, ,ௗݔ ௨ are the undistorted coordinates of the centre of a given pixel andݕ  ௗ are theݕ

distorted coordinates, and ݎௗ ൌ ටݔௗ
ଶ ൅ ௗݕ

ଶ denotes the distance from the so-called principal 

point (the optical centre of the lens). The model includes several parameters: ܭଵ, ,ଶܭ  ଷ are theܭ
radial distortion parameters and ଵܲ, ଶܲ are the decentering distortion parameters. Calibration 
testing, using known ground-truth calibration targets, is generally used to determine the 
parameters ܭଵ, ,ଶܭ ,ଷ and ଵܲܭ ଶܲ [8]. 
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Simplifications of the above model which ignore decentering distortion and ignore higher order 
terms in ݎ are commonly used [9]. Neglecting terms above second order gives 

௨ݔ ൌ ௗ൫1ݔ ൅ ௗݎଵܭ
ଶ൯ 

௨ݕ ൌ ௗ൫1ݕ ൅ ௗݎଵܭ
ଶ൯. ሺ1ሻ 

 
An alternative to this model was proposed in [10], namely 

௨ݔ ൌ ௗ/൫1ݔ െ ௗݎଵܭ
ଶ൯ 

௨ݕ ൌ ௗ/൫1ݕ െ ௗݎଵܭ
ଶ൯. 

 
It is argued in [10] that this model gives just as good an approximation, whilst making 
expressions for certain quantities of interest, such as the fundamental matrix of a camera, 
more tractable. It is shown in [9] that, for this model, it is possible to obtain a closed-form 

expression for ݎௗ in terms of ݎ௨ ൌ ඥݔ௨ଶ ൅   ௨ଶ, namelyݕ

ௗݎ ൌ
ିଵାටଵାସ௄భ௥ೠ

మ

ଶ௄భ௥ೠ
. 

 
We will demonstrate the use of the model given in (1) in this report. All the models described 
here can be used to simulate distortion effects and can also be used to invert the model and 
remove lens distortions from images as well.  
 

2.1.3 FOCUS BLUR 

The third phenomenon that we will look at is focus blur. When the lens is not able to focus on 
certain objects they appear blurred. Blurring is demonstrated in Figure 5 [11] where we can 
see that the light from an off-axis point is spread by the lens so that the rays do not pass 
through a single focal point and the camera sensor receives the light across several pixels 
rather than at a single point. Figure 5 shows effective bundling of the red rays from an object 
but inability to bundle the green rays. 

 

Figure 5 Image blurring effect [10] 

 
This phenomenon can be simulated by applying Gaussian blur, in which the image is 
convolved with a 2D Gaussian blur kernel. Generally this phenomenon is corrected for in inbuilt 
processing before feeding the image to the next stages but some extreme cases like high flare 
and high speed moving targets may still lead to such distortions, and hence it might be useful 
to understand this phenomenon in order to deal with these edge case.  
 

2.1.4 COMBINING THE EFFECTS 

Combining all the phenomena explained above we can obtain the overall image output from a 
camera scene capture. Onboard camera post-processing can rectify a lot of these effects, but 
for the purpose of this study we are `opening the box’ and not simply assuming that post-
processing has been done to rectify the outputs. Simulations can then replicate all these 
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phenomena and generate what we will get from the resultant image of a simulated scene. A 
flowchart of a model combining all these phenomena (and more) was given in [12] and is 
reproduced in Figure 6. 
 

 

Figure 6 Camera distortion effects flowchart [12] 

 
 
2.2 Applying the Sensor Modelling Framework 
 
We apply the principles of the sensor modelling framework [1] to create the camera model. A 
good sensor model can be used to imitate the way a camera captures images in normal 
operating conditions as well as the edge cases of glaring light, bad weather and bad lighting.  
 
To follow the sensor modelling framework we will go through the steps of the sensor modelling 
flowchart, which is reproduced in Figure 7. In the case of the physics based models considered 
for camera sensors, this process consists of a scoping exercise, followed by deciding on a 
model, and then the parameters of the model are fitted to desired results, and then finally an 
evaluation is carried out to check whether the model was able to produce the necessary 
outputs. 
 
Step 1: Scoping exercise 
 
We will first determine the effects we want to be able to capture by the sensor model. The 
effects we will be considering for this sensor model are 

1) Lens flare 
2) Lens distortion 
3) Focus blur. 
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Figure 7 Sensor modelling Framework [1] 

 
 
Step 2: Deciding on the model 
 
The model we are planning to make consists of the following sets of equations for each of the 
respective phenomena being modelled. 
 
Lens flare. The lens flare templates are applied to images and visual inspection of the results 
is used to find the one which fits closest to the observed flare behaviour. 
 
Lens distortion. We use equation (1) to model radial distortion; see the description in Section 
2.1.2. We describe a method for determining the distortion parameter ܭଵ in (1), given some 
distorted and undistorted images. Given the coordinates ൫ݔ௨௜ , ௨௜ݕ ൯ of ݊ reference points (݅ ൌ
1,… , ݊) in an image before distortion and the coordinates൫ݔௗ

௜ , ௗݕ
௜ ൯ of the same reference points 

after distortion, minimising the least squares error 
 

෍ቂݔ௨௜ െ ௗݔ
௜ ቀ1 ൅ ௗݎଵ൫ܭ

௜൯
ଶ
ቁቃ
ଶ

௡

௜ୀଵ

൅ ቂݕ௨௜ െ ௗݕ
௜ ቀ1 ൅ ௗݎଵ൫ܭ

௜൯
ଶ
ቁቃ
ଶ
 

 
with respect to ܭଵ gives the closed-form expression for ܭଵ of 

ଵܭ ൌ෍
൫ݎௗ

௜൯
ଶ
ቂݔௗ

௜ ௨௜ݔ ൅ ௗݕ
௜ ௨௜ݕ െ ൫ݎௗ

௜൯
ଶ
ቃ

൫ݎௗ
௜ ൯
଺

௡

௜ୀଵ

. 

 
 
Focus blur. A Gaussian kernel  

 
is applied on the out of focus region of the image to obtain the distorted measurements of the 
image. 
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Step 3. Deciding on the data 
 
The data we use for demonstrating the model consists of images which contain the respective 
edge cases and we seek to replicate the effect through the model equations. 
 
Lens flare. We produce lens flare effects similar to a flared image using the flare templates 
approach described above and combining it with a clear image. 
 

 

Figure 8 Flare (left) and clear image (middle) and simulated flare (right) 

 
We can see in Figure 8 that we are able to produce flare images similar to the flared image on 
the left hand side and flare templates in the first row on right and left most in Figure 3. We 
apply the following pixelwise threshold  
 

݂݅	݅௙௟௔௥௘ሺܴ/ܤ/ܩሻ ൐ 150 ∶ 	 ݅௥௘௦௨௟௧௔௡௧ ൌ 0.4 ൈ		 ݅௙௟௔௥௘ ൅ 0.4 ൈ ݅௜௠௔௚௘ 
 
 
Lens distortion. We will take undistorted check image and distort them using the given model 
equations. The effect can be seen in Figure 9.  

 

Figure 9 Lens distortion model (distorted and undistorted images) 

 
We also take undistorted and distorted images of a scene. Then we replicate the distorted 
capture using the model equations to generate artificially distorted images. The effect can be 
seen in Figure 10. The leftmost image is the undistorted image, the middle image is the image 
obtained from a lens with distortion and the image on the right is produced by the sensor model 
trying to emulate the same effect. 
 
In order to produce these distorted images we start with the undistorted image on the left. We 
then apply equation (1) to it with distortion factor of 1.4 ൈ 10ି଺ and with principal point shifted 
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upwards by 50 pixels from the centre of the image. No information concerning the principal 
point was available, and so this choice was made after manual experimentation. 
 

 

Figure 10 Lens distortion model used to simulate distorted images from undistorted images 

 
Focus blur. To simulate focus blur we take a blurred image and a clear image and try to 
replicate the blurred image using our Gaussian blur effect. 
 

 

Figure 11 Clear and blurred images 

 
An example of a clear image and a blurred image can be seen in Figure 11. We take a section 
of the two images and apply a Gaussian kernel to the clear image. The result can be seen in 
Figure 12. 

 

Figure 12 Blurred image (left) and Gaussian blur (right) 

 
2.3 Discussion 
 
We were able to programmatically produce effects that approximated the desired effects 
simulating the phenomena of interest. The model described above can hence be used to 
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simulate these edge cases. Further development to introduce more complex effects and 
realistic outputs and to combine it in an image capture process can be carried out as an 
extension of this study. 
 
 
3 Lidar Sensor 
 
Lidars are considered a very important part of the autonomous vehicle sensor suite in some 
sensor stacks e.g. Volvo [18], Waymo [19] etc. There are others like Tesla that are trying to 
steer away from using Lidar because of the cost of the sensor [20].  In conditions where 
cameras don’t function properly, such as darkness, the Lidar becomes essential for being able 
to operate the automated vehicle.  
 
3.1 Sensor Functioning 
 
Lidar operates by projecting lasers and sensing the reflected beams. The phase of the reflected 
beam and the time difference between projecting the laser and obtaining the reflection are 
used to measure obstacle characteristics such as distance and colour [13]. The lasers are 
scanned across the scene to collect data about the volume surrounding the vehicle. 
 
 

 

Figure 13 Lidar measurements [12] 

 
The Lidar then forms an occupancy grid of the sensed obstacles which can then be used by 
the perception and localization modules. This is also used in further sensor data fusion and in 
forming global occupancy grid maps and path planning. 
 
The measurement of any obstacle happens when the beam reflects off it and is read by the 
sensor. This phenomenon of being reflected and measured is best modelled probabilistically 
and several possible models have been proposed in the literature [14, 15]. The approach we 
will consider in this study is taken from [15] and involves constructing a forward model in which 
it is assumed that the probability of a beam being reflected decreases as the point to be 
measured moves further away. This effect occurs because the laser is scattered by the air 
(and particularly by the moisture in the air) so the intensity of the received reflected signal 
decreases with distance. The left-hand panel of Figure 15 shows three squares representing 
objects, and the right-hand panel depicts the detection probabilities of the two squares in the 
range of the sensor measurement. 
 
The occupancy grid map is modelled as a log likelihood map where the log likelihood of an 
obstacle being present is updated by the measurements taken by the Lidar sensor. As the 
model runs it updates the log odds of the occupied cells and also updates the log odds of the 
unoccupied cells, as can be seen in Figure 16. The probabilistic approach also quantifies 
uncertainty due to signal strength of the presence of objects in cells as a natural by product. 
More precisely, the log odds of each cell is updated as 
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Figure 14 An example of an occupancy grid 

 

 

Figure 15 Forward model for probability of measurement [15] 

 

ݏ݀݀݋݃݋݈ ൌ ݏ݀݀݋݃݋݈ ൅
݂݁ܿ݊݁݀݅݊݋ܿ

1 െ ݂݁ܿ݊݁݀݅݊݋ܿ
 

where ܿ ݂݁ܿ݊݁݀݅݊݋ ൌ 0.9 if an object is detected and ܿ ݂݁ܿ݊݁݀݅݊݋ ൌ 0.3 if not. These parameters 
can be chosen based upon an understanding of the physics. The probability of occupancy, 
here denoted ݕܿ݊ܽ݌ݑܿܿ݋, is then updated to be 

ݕܿ݊ܽ݌ݑܿܿ݋ ൌ 1 െ
1

݁௟௢௚௢ௗௗ௦
. 

 
A separate dataset of Lidar measurements is used to understand the ray characteristics of a 
Lidar, which is then used to calibrate the probabilistic measurement model over the 
measurement range. 
 
3.2 Applying the Sensor Modelling Framework 
 
Similar to the camera model we will again be applying the principles of the sensor modelling 
framework [1] to create the Lidar model. A good sensor model can be used to imitate the 
process of capturing readings and forming an occupancy grid map from the measured 
readings. The capturing process is treated as a probabilistic process hence a reading is not 
considered definitive but is used to increase the probability of presence of an obstacle on the 
occupancy grid.  
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Step 1: Scoping exercise 
 
We first determine the effects we want to be able to capture in the sensor model. The effects 
we consider for this sensor model are 

1) Capturing the readings 
2) Probabilistically formation of the occupancy grid 

 
Step 2: Deciding on the model 
 
The model is defined by the set of equations indicated in Section 3.1. 
 
Step 3: Deciding on the data 
 
The data for the model forming the occupancy grid is taken from the Github repository [16]. In 
this code a robot moves and takes readings as it moves along a path. As the robot traverses 
the map and takes readings, the model updates the log odds of the occupied cells and 
unoccupied cells as seen in Figure 16.  
 

 

Figure 16 Creation of occupancy grid by updating log odds map 

 
The final occupancy grid map generated can be seen below. 
 

 

Figure 17 Final occupancy grid 
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3.3 Lidar measurements at NPL 
 
The point clouds shown in Figure 18 were generated at NPL from Lidar measurements of a 
scene consisting of multiple flat surfaces. The point cloud is here generated by an inbuilt 
deterministic forward model within the sensing device. 
 
 

 

Figure 18 3D Lidar point cloud created in the NPL Lab 

 
This gives us one snapshot of the Lidar’s measurements and which corresponds to a single 
instantaneous measurement in the model described in Sections 3.1 and 3.2. A natural 
extension of the work would be to have the Lidar move along a path, taking multiple snapshots, 
with GPS data on the position of the Lidar being supplied. Integrating many such 
measurements using the approach described in Sections 3.1 and 3.2 would lead to a more 
comprehensive mapping of the occupancy grid of the whole room.  
 
The point cloud generation is inbuilt, and information concerning the model used is proprietary 
and so not available. However, if it is possible to compare a recovered occupancy grid with 
ground truth, it would still be possible to construct a physically accurate forward model of the 
sensor. The point clouds generated here are deterministic, and future work implementing a 
probabilistic forward model would allow for the quantification of uncertainties of the point cloud.  
 
3.4 Discussion 
 
We were able to programmatically create sensor models which simulated Lidar measurements 
using a probabilistic forward model to create point clouds and produced occupancy grids by 
updating the log odds based on those point clouds. A point cloud from a typical Lidar sensor 
has been obtained that could be used to inform development of the forward model. There 
remains scope to extend the work of this report to perform more detailed analysis of the 
functioning of Lidar sensors. The modelling approach considered here can be used in the 
development of higher fidelity Lidar sensors, and to take into account weather effects on the 
operation of the Lidar sensor by altering the forward model to include additional scattering. 
 
 
4 Summary 
 
In this study we have demonstrated how to model certain aspects of the functioning of cameras 
and Lidar sensors, using the sensor modelling framework [1] to construct the models, 
addressing several edge cases in the process. Sensor models are needed in order to simulate 
sensors’ working both in normal conditions and upon edge cases within a virtual testing 
environment. The models developed here can generate edge cases within a virtual testing 
environment so that a vehicle AI is presented with realistically distorted images during testing 
and so that dangerous edge cases can be checked without creating physically dangerous real-
world situations.  
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The ultimate aim of this work is to support the creation of standardised virtual testing 
frameworks within the autonomous transport industry. Such standardisation across the 
industry could result in a common language which would improve collaborative research and 
result in the development of high-quality testing standards and improved communication 
between industry and suppliers. One important piece in this puzzle is standardising 
approaches to sensor modelling, and the work in this study and in [1] is a first step in this 
direction.  
 
Future work will now focus upon engaging stakeholders in order to gain a more informed 
understanding of the types of weather conditions, edge cases and distortion phenomena which 
are most relevant for the various sensors in the autonomous vehicle sensing stack. Eventually 
with such standardization in sensor modelling and interfacing, virtual testing can get one step 
closer to being adopted across the industry as a part of safety testing or type approval in 
automated vehicles. This would also be a step towards improvement in uncertainty reporting 
and estimation in automated driving systems which is an important component of safe 
operation in any system. 
 
 
5 References 
 
[1] Khatry, R. and Thompson, A (2021). A sensor modelling framework for autonomous 
systems. NPL Technical Report (draft), available upon request. 
[2] Ponn, T., Kröger, T. and Diermeyer, F. (2020). Identification and Explanation of Challenging 
Conditions for Camera-Based Object Detection of Automated Vehicles. Sensors 20(13). 
[3] https://www.bbc.co.uk/news/technology-54175359 
[4] Chen, J., Venkataraman, K., Bakin, D., Rodricks, B., Gravelle, R., Rao, P. and Ni, Y. (2009). 
Digital camera imaging system simulation. IEEE Transactions on Electron Devices 56(11), pp. 
2496-2505. 
[5] Sassoon, E., Schechner, Y. Y. and Treibitz, T. (2019). Flare in interference-based 
hyperspectral cameras. In Proceedings of the IEEE/CVF International Conference on 
Computer Vision, pp. 10174-10182. 
[6] Hullin, M., Eisemann, E., Seidel, H. P. and Lee, S. (2011). Physically-based real-time lens 
flare rendering. In ACM SIGGRAPH 2011 papers, pp. 1-10. 
[7] https://www.opengl.org/archives/resources/features/KilgardTechniques/LensFlare 
[8] HALCON, Solution Guide III-C 3D Vision, MVTech, Munich, Germany Copyright 2003-
2018. 
[9] Park, J., Byun, S. C. and Lee, B. U. (2009). Lens distortion correction using ideal image 
coordinates. IEEE Transactions on Consumer Electronics 55(3), pp. 987-991. 
[10] Fitzgibbon, A.W. (2001). Simultaneous linear estimation of multiple view geometry and 
lens distortion. IEEE Conference on Computer Vision and Pattern Recognition, pp. 125-132. 
[11] Lee, S., Eisemann, E. and Seidel, H. P. (2010). Real-time lens blur effects and focus 
control. ACM Transactions on Graphics 29(4), pp. 1-7. 
[12] Kuciš, M. and Zemcık, P. (2012). Simulation of camera features. In 16th Central European 
Seminar on Computer, pp. 117-123. 
[13] Schaermann, A. and Hanke, T. (2019). BMW Group: Generation and Validation of Sensor 
Models for Automated Driving Systems Using VIRES VTD, Engineering Reality Magazine, 
Volume IX. 
[14] Weston, R., Cen, S., Newman, P. and Posner, I. (2019). Probably unknown: Deep inverse 
sensor modelling radar. In 2019 International Conference on Robotics and Automation, pp. 
5446-5452. 
[15] Thrun, S. (2003). Learning occupancy grid maps with forward sensor models. Autonomous 
robots 15(2), pp. 111-127. 
[16] https://github.com/peterstratton/LidarOccupancyGridMapping 
[17] Appendix D of Performance Testing for Sensors in Connected and Autonomous Vehicles: 
Feasibility Study report, July 2020 from Transport Catapult and NPL. 



NPL Report MS 30  

14 
 

[18] https://techcrunch.com/2020/05/06/volvo-to-use-luminars-lidar-in-production-vehicles-to-
unlock-automated-driving-on-highways/ 
[19] https://blog.waymo.com/2020/03/introducing-5th-generation-waymo-driver.html 
[20] https://www.therobotreport.com/researchers-back-teslas-non-lidar-approach-to-self-
driving-cars/ 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




