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Abstract: - The operator is required to be constantly vigilant and even more attentive when operating the device. The paper introduces a cooperation of a car simulator realized in virtual reality (VR) environments and measurements of “human driver behavior” focused mainly on aspects of HMI and drivers’ attention decrease. In the first part a conception and a development of our VR car simulation devices is described. During the development of car simulators many problems need to be solved. One of these problems is represented by a simplification and a partial automation of a scenery creation. The first part is dedicated to algorithms used in our tools, which help to automate the creation of virtual scenes. The next part analyses in more details tools themselves and the rest of this section deals with demonstration of scenes, which were modeled using these tools. For simpler and faster generation of virtual sceneries it is suitable to store the models within a hierarchical database 3D object. Our database includes model objects from which subsequently forms surroundings for road virtual scenes. In the article it is described how to specify 3D model properties - their fundamental characteristic and consequent differentiation into specific categories. Sound perception cues are one of the most important ones besides the visual cues in the car simulation. The audio section of this article deals with simulating a sound of a car engine as a most significant audio stimulant for the driver. It shows basics of cross fading system which renders the car audio from multiple looped samples. First part contains analysis of car engine sound; the second describes how to synthesize it on the computer. A validation measurements and consequent results are shown at the end of this section. The final paragraphs shows examples of experiments developed for measurements of driver’s fatigue and other aspects of driver’s behavior.
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1   Introduction

The Joint Laboratory of System Reliability has been working on the research in the field of HMI and drivers’ behavior for many years. Several studies dealing with the human operator’s vigilance and/or attention decrease have been done in our laboratory. Beside those general tasks concerning the HMI we are focused on the tasks of the interaction between human drivers and motor vehicles (car drivers, rail engine drivers and so on).

2   Simulation devices for measurements

The following picture shows a basic setup and interconnections between all the particular components. It describes main connections between the functional blocks.
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Fig. 1: The scheme of the basic setup of VR simulator

During the time spent on the development of the simulation devices to fit our needs and requirements best, we set up three different devices. The very first arrangement of our simulation device used a common PC steering wheel with two pedals with a sequential gear shifter (or automatic shifting was applied). Now we use a special three pedal system (including a possibility of involvement of the clutch if required) and an H-pattern gear shifter. Although this setup has been replaced with a real part of car cockpit we came back to it when incorporating Head Mounted Display. A proband equipped with HMD has now a freedom of view, which off course requires the cockpit to be completely 3D modeled. A sensor connected to his head scans the proband’s head turns (in 3 DOF). Second arrangement represents an intermediate step between the totally virtual conception and a usage of a real car body (see next paragraph). It gathers advantages of both of these approaches. On the other hand it leaks for example a perception of depth which is easily possible to do with 3D glasses.
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Fig. 2: A proband driving on light simulator

The “compact” simulator is closest to the reality (concerning ergonomics) because it uses a complete real car body. The tested person sits in a real cockpit and the virtual scenery is projected on the screen wall in front of the car hood. Results from measurements using such a device should not be loaded by an error caused by the difference between simulator and real car cockpit.

3   Tools for automated scenery creation
During the development of car simulators many problems need to be solved. One of these problems is represented by a simplification and a partial automation of a scenery creation. Quality simulator demands simulated background to be as real as possible. To guarantee its authenticity, real background can be gotten from Geographic Information Systems (GIS). Instruments constructed for particular automation creating scenes, are used like plugins for freeware modeling program. This program then models all the scenes.[10], [11]. This conception is very useful for obtain expansion or improves implementation.

The base of created scene is modeling of the real terrain using level lines (contour lines) triangulation. Coordinates of contour lines are obtained from the map lists of “the main base of the geographic data” (ZABAGED) [12], specifically from the altimeter. These map lists can be got from the topographical surveyor office. 

Export of the co-ordinates to the text file can be done in the Bentley Microstation program. In text file, each line represents coordinates of the one contour-line point. Points have standard sequence of coordinates X, Y, Z, and these are isolated by comma. Being sorted by the X-coordinate, duplicity of the points appears and sometimes connection of the lines is lost. Because of this text file have to be arranged.

After this procedure there we have adjusted coordinates, which are basal data for the modeling program improved with the noted special instrument. This tool or instrument is based on using Delaunay triangulation to shape the terrain.


[image: image3]
Next step of the automatic scene creating is building of the road models, and then placed on modeled surface. The main task of noted tool is to create a model of the road according to the derived real data, and also to get altitudinal coordinate from its position above the surface. Made model is then placed to the surface accurately. The impression is very real owing to an accurate calculation of the altitudinal coordinates of the road. 

Input data are also gotten from the “main base of the geographic data”, this time from its planimetral (not altitudinal) part. This export is accomplished into the text file. Each point of the road is now represented by one line of the file. This text file is then adjusted by deleting duplicity lines, and arranged according to real objects. In view of considering the fact that the data from the Geographical information systems are not usually fitting for creating of a driving simulator scenes, was prepared enhanced tool. This modificated tool allows deriving input data according to user defined curve.  

In the end of whole process, the objects are put to the prepared surface by means of the noted plug-in tool. It loads objects from the database and putted to the surface. Putted objects are for example buildings, lay-out items, and also the natural or geological formations. In the case of natural formations the random axis rotation is applied. Also random mild tilt is used for realistic impression.

Input data for creating road models are corrected text files symbolising co-ordinates of the road points, which are obtained exporting from map lists or from user defined database. Other input data can be the text files with prepared categories of communications (ČSN 73 6110) [14]. In real conditions not only standard communications occurs, but also communications hardly subsumable to any sort. Therefore in this plugin choice import text file, where are users defined road parameters.

For each point from imported file is recounted high co-ordinate, for new road to be created tightly settled on surface of terrain. This part of algorithm consist of a few steps and is repeated for every point of middle line road.

After setting all high co-ordinates is processing modeling of the road along the middle line. (Fig. 3)
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Fig. 3: Road modeling

For each sequence three points of middle line 
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R representative implemented parameters of road in depend on chosen category communication.

On count of previous step arise for each point of middle line in depend on chosen communication category, which is need connect by triangles and modeling road surface. By the end is to every triangle allocate U, V textures co-ordinates.
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Fig. 4: Triangulation of the curved road
From the previous pictures it is possible to see redundant triangles in cross-section of the road surface. For the first look they could be considered as a visual improvement of the polygonal look of our roads. In fact this feature gives us a cheep and straightforward possibility to react on surface changes. Fig. 5 depicts what other modules can benefit from the surface information that is usually used only for the computation of kinetic equations.
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Fig. 5: Surface type flag is passed via the wheel position into several parts of the engine

From basic algebra it is easy to derive on which triangle the wheel stays (drives). Since the material (texture mapped on the triangle) defines look of the surface it is easy to come to constrain with it also other surface properties. The most important for us is the position, from which it is easy to decide if the driver keeps his/her lane and consequently to classify a fault rate of his/her driving. Such a classification is a marker of driver’s actual ability of correct driving. This classifier is then correlated with other physiological and mainly biological outputs arising from the driver [2]. Fig. 6 shows a basic set of positions of a car on the road. Form our experiences from the measurements we decided to do a smoother evaluation of deviation in left lane. It says how many wheels are out. Besides this simple measure it is possible to do a classification from a car trajectory but it requires much deeper investigation in driver’s driving style measures.
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Fig. 6: Error classification for the ‘deviation form the track’ experiment

4   Databases of 3D on of objects
For easier and faster creating virtual scenes was composed a 3D object database. In this database are in placed generated 3D models, which serves especially like partial elements for creating new object road scenes. Each generated object contains definite count of polygons (triangles). Is it important, to have all defined objects in highest possible quality and low count of polygons. There are a lot of 3D models existing, which are visually very exactly simulated, but these are useless for real-time graphic, because contains too high count polygons. And when the graphic accelerator is overloaded by calculating complicated scenes, the frame rate of the simulation falls. It has no reason to place models farther from observer, where are too far, to see them well.[6]

The chosen part of virtual scene is semi complicated and 300 m long. The main part is the road here, in placed to the middle of scene. The road is divided into three parts. Light left curve with radius 3000 m (Fig. 7 middle), straight part and right curve with radius 150 m.

In built-up part (Fig. 8) is placed five buildings with different detail level. In the right part of scene are used three types of trees, in the near of road are more complicated broadleaf tree, far from road are placed lower quality cone trees and most far are the most simple trees (so called billboard, Fig 13).

	Object
	Type
	Faces
	Figure

	Road
	straight
	8
	Fig. 7

	
	curve (R=3000 m)
	64
	Fig. 7

	
	curve (R=150 m)
	336
	Fig. 7

	architecture
	building  1
	423
	

	
	building  2
	343
	Fig. 8

	
	building  3
	36
	Fig. 9

	
	building  4
	519
	

	
	building  with fence
	1722
	Fig. 10

	Forest
	broadleaf trees (11)
	39732
	Fig. 11

	
	cone trees (92)
	24288
	Fig. 12

	
	forest on two faces
	2
	Fig. 13

	Bench
	wood
	198
	

	road sign
	alert
	102
	

	Landscape
	 
	322
	

	Sum
	 
	68095
	Fig. 14


Table 1: Number of faces in the objects
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Fig. 7: Three type of road
Fig. 8: Building 2
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Fig. 9: Building 3
Fig. 10: Building with fence
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Fig. 11: Leafy
Fig. 12: Conifer
Fig. 13: Wood
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Fig. 14: Final view from particular scenery
For easier and faster orientation by searching type of models, are object hierarchical sorted to seven categories: 

1)
Architecture

2)
Road object

3)
Flora

4)
Vehicles

5)
Figure

6)
Landscape
a) Real

b) Fictive

7)
Others

Architecture

In this category there are all building fragments relating to the roads. These models serve to multifarious scene, which provides more realistic view of scene (for example family houses, bridges, garages, walls etc.).

Road objects

To the road objects belong all models in  direct neighborhood  of the road, and has influence on traffic  flow,  both traffic safety and traffic information,  and street lights, road barriers, billboards...

Flora

Flora does mean package of plants, trees, bushes. There are lots of complicated kinds in the real, such that these models demanding lots of polygons.

Vehicles

We can use these models for simulation and studies of passing by cars in different situations and different camera looks.

Figure

Collection of different figures (man, women, children, dogs etc.).

Landscape

To this category belong real landscape, created from real geographic information systems and landscape unreal, created without any real data.

Others 

This category contains models which are not possible to be sorted to previous categories (phone box, post box, bench, table, chair etc.).

Database contains about 300 generated objects created mostly in program Zanoza modeler. Each model has a table of attributes containing detail information. This table is in XML format, for more complex use. According to this attributes everyone can simply find main information about chosen object and decide, whether to use it or not.

Table of attributes:

Example:

ID: 0001

File: dum02_fin.z3d

Category: Architecture

Object: building

Type: family house

Name_file: dum1

Description: house with grass and fence 
Size: 29 kB

Faces: 1139

Extent (X,Y,Z)m: 24 x 7.1 x 27 

Txt_resolution: 1024x1024x24b

Txt_file: dum02.tga

Txt_size: 3145 kB

Picture:dum.jpg

3D: ZM1.07

5   Audio system
Sound Analysis:

The car engine sound is one of the most important audio perception for the driver driving a car. 

While driving real car, the engine is not usually the strongest source of the sound. But it is important for the driver to feel how fast the car drives and how fast the engine rotates. Besides the audio and visual sense there are the haptic perceptions which cause the feeling of speed. The rumble of driving a car is carried from the steering wheel to the driver’s hands, and also to the whole body by way of the seat. This is also very important but hard to simulate. In the driving simulator is convenient to simulate much more clear, strong and sharp sound than is present in the real car, especially if it is not possible to simulate haptic perceptions. The audio perceptions partially take over a task of haptic ones, which is very beneficial.

The engine itself produce sound field in the whole acoustic band. It also generates very loud subsonic tremble. 

Car cab damps the sound of the engine as much as possible. It filters out higher frequencies more efficiently than the lower and subsonic. Sounds of very low frequencies are carried to the chassis, so the sound level in a subsonic band is higher in a cab than outside the car.

The sound pressure level slightly rises with rpm of the engine and with speed of the car.

The engine sound itself is very complicated and can be generated only on basis of recordings of the real car.

It is necessary to record the car engine in a high quality. The most suitable for this recording are small condenser microphones with low sensitivity, because the sound pressure levels around the car engine can be very high, there is the high risk of overload.
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15: Sound specture of the idle diesel car engine

[image: image28.wmf]Sound spectre of the idle diesel car engine,

(FFT length512, fs=44kHz, Gaussian win.function, 

3sec sample)

-120

-110

-100

-90

-80

-70

-60

-50

-40

-30

-20

0

603

1206

1809

2412

3015

3618

4221

4823

5426

6029

6632

7235

7838

8441

9044

9647

10250

10853

frequency [Hz]

PSD[dBr/Hz]

Inside the cabin

At the driver's feet

Recorded directly


Fig. 16: Sound spectra of the idle diesel car engine
Synthesis:

Principle:

Because we cannot record the car sound in every situation we have to render it in real time in simulator. Probably the best way to render this sound in real time is to use multiple loops cross fading system. It uses multiple samples of recorded real car engine. Each sample is recorded on specific state (like actual rotates per minute (rpm) and load). 

The simulator has a physical model, which sends actual state (rpm and load) to the audio system. The audio system qualifies the sample with the nearest state as the most suitable. The sample is slightly adapted to the exact state and played. This sequence is repeated round and attributes of the sound are updated multiple times per second.
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Fig. 17: Model of the sound using OpenAL library
The simplest simulation can be done using single sample played (looped) and real-time adapted to the actual conditions. But this system has high fidelity only in very small adjustments of rpm. When the actual ones differentiate from the recorded, we hear the sound distorted because the adjusted sound does not respond to reality. And of course load of the engine is not covered at all.

If there are more samples used, we have to define when each sample should play. It is necessary to define area where two or more samples play together. Where first sample smoothly rolls off and second swells. This transitional band cannot be too narrow or too wide. Too narrow transition causes us to hear ugly alteration of the sound color while rotates changes. On the other side, too wide transitional band causes degradation of the sound. The reason is that the multiple samples are played concurrently which is not soft for the listener.

The basic idea of pitching the sample with actual rpm is to use oversampling method. Shifted sample is then played with original sample rate. This method is used for emending sound with the speed. The aliasing phenomenon has to be take care of.
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Fig. 18: Spectral lines shift with an oversampling
Taking note of engine load is more complicated. One of the ways is to record more samples and to use cross fading between them according to an actual state. 

Actual speed of the car can be simulated by raising additional noise on background or by gradually added looped sample with noise. Suitable signals are brown noise, noise recorded in a driven car or other.

System can be realized with help of many libraries as Ms DirectX, OpenAL…

Measurement:

A small measurement was held to increase subjective quality of the simulated sound. Presuppositions were: cross fading looped system as a method of simulation and the five samples of car sound. The engine load wasn’t take into consideration. 

The meaning of the measurement was to find optimal widths of the transitional bands between samples. Recordings were done with a diesel engine car. A sequence of rpm-values recorded on a real car was used.

Conclusion was that the widths should have risen with a rotation of the engine.

Subjective tests on six people really indicated that the most fitting widths of the transitional bands were proportional to rpm of the engine. For the engine idle (circa 800rpm) was optimal roll off about 12dB/100rpm, for rotates 2400rpm it is about 4dB/100rpm. But these values are very sensitive on particular car recordings and on the shape of the roll off curves.

Probands was also listening record of a real car beside the simulated sound. Simulated sound was described as of good quality, but as biggest imperfection was alleged the absence of taking engine load into consideration.

6   Conclusion

The physical simulation coupled with high quality VR environments has its indispensable role in the training of operators of expensive and complex technical devices. When we enhance the setup of such a system by measurements of driver’s biological signals analysis and observation of his/her performance on the road, we get a very powerful tool to investigate in drivers’ behavior. The high quality driving simulators with abilities of fast and easy adaptation on different requirements of the experiments opens wide field of possibilities in the research in the field of a car HMI and upcoming more and more demanding ITS technologies.
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		10422.07		10422.07		10422.07

		10508.203		10508.203		10508.203

		10594.335		10594.335		10594.335

		10680.468		10680.468		10680.468

		10766.601		10766.601		10766.601

		10852.734		10852.734		10852.734

		10938.867		10938.867		10938.867



Inside the cabin

At the driver's feet

Recorded directly

frequency [Hz]

PSD[dBr/Hz]

Sound spectre of the idle diesel car engine,
(FFT length512, fs=44kHz, Gaussian win.function, 3sec sample)

-73.466674805

-73.466674805

-73.466674805

-23.609052658

-25.280723572

-46.256053925

-37.049022675

-36.018875122

-40.755474091

-45.25573349

-39.145900726

-42.276798248

-47.389743805

-43.686668396

-39.001605988

-45.342582703

-52.828556061

-42.460536957

-51.376300812

-52.570732117

-38.370582581

-54.929145813

-51.110736847

-40.864936829

-65.169311523

-62.268547058

-41.582733154

-59.203548431

-53.875003815

-38.725341797

-57.917201996

-52.414466858

-40.35445404

-60.736888885

-63.221679687

-42.700389862

-63.306724548

-77.186851501

-40.190872192

-58.896282196

-64.906562805

-42.396167755

-58.058460236

-52.565444946

-39.595081329

-59.118183136

-60.9842453

-43.907550812

-60.765159607

-59.377422333

-44.984466553

-67.390060425

-67.717857361

-49.430427551

-66.085159302

-72.047576904

-49.811458588

-67.764732361

-64.903068542

-56.962749481

-64.94467926

-60.878871918

-47.759677887

-74.002532959

-63.782264709

-53.43687439

-82.725898743

-63.970687866

-58.182041168

-80.810440063

-63.675617218

-51.950145721

-69.549049377

-62.579097748

-42.279548645

-81.197395325

-63.657051086

-43.853183746

-74.005485535

-73.20993042

-46.834712982

-69.854095459

-81.257858276

-41.918746948

-72.097114563

-74.149971008

-49.260715485

-80.61933136

-70.97228241

-54.966823578

-71.884063721

-67.670288086

-47.630931854

-85.32334137

-73.156394958

-48.313671112

-83.296798706

-74.136169434

-54.51663208

-77.549797058

-69.976531982

-59.596187592

-76.035186768

-72.648132324

-45.603790283

-80.165931702

-82.857078552

-41.239982605

-75.393455505

-78.617301941

-53.124649048

-80.739120483

-81.734306335

-51.248474121

-80.980003357

-88.307121277

-62.415153503

-78.21333313

-80.976226807

-57.576263428

-81.134239197

-73.804321289

-48.915840149

-79.989196777

-77.84677124

-49.127037048

-86.131759644

-90.660476685

-53.85477829

-85.533370972

-80.3409729

-56.444458008

-84.602462769

-84.042892456

-48.94839859

-85.769691467

-85.077033997

-53.141918182

-82.682937622

-83.488822937

-48.831035614

-90.455436707

-86.501617432

-59.260181427

-88.324958801

-93.783798218

-57.926025391

-94.800704956

-91.904037476

-51.751766205

-89.496353149

-84.631256103

-58.499305725

-91.778770447

-83.935340881

-56.92924881

-85.383140564

-89.829933166

-64.535499573

-94.11038208

-84.604072571

-74.013557434

-84.018310547

-80.734611511

-59.633247375

-86.92804718

-84.202735901

-57.408294678

-94.783157349

-83.499038696

-56.407657623

-86.379135132

-88.52394104

-61.929737091

-92.340232849

-89.392494202

-63.98897171

-93.003929138

-89.136474609

-58.681835175

-94.348320007

-94.691955566

-59.593296051

-90.668914795

-94.236320496

-53.690689087

-90.45174408

-90.839225769

-55.98595047

-94.369895935

-89.251426697

-55.591152191

-101.017852783

-85.454704285

-59.156101227

-96.965614319

-92.370704651

-54.399044037

-89.238273621

-88.710945129

-61.507164001

-96.44405365

-93.936302185

-56.231330872

-94.034080505

-86.711090088

-65.211898804

-90.370483398

-90.789001465

-66.613494873

-91.447776794

-86.236579895

-55.83890152

-89.667205811

-85.762825012

-54.396087646

-102.933891296

-90.484909058

-56.630168915

-95.000587463

-111.48248291

-54.954406738

-95.959442139

-114.285758972

-65.698143005

-89.438652039

-93.937255859

-75.083450317

-99.812545776

-104.601394653

-64.591758728

-95.518318176

-92.888839722

-61.515708923

-94.381515503

-89.920013428

-65.426376343

-90.624771118

-92.504814148

-68.270141602

-107.861991882

-96.540550232

-73.155662537

-93.903640747

-94.369369507

-57.556125641

-105.981536865

-97.37638092

-61.53735733

-101.563346863

-93.285919189

-58.307224274

-92.878044128

-94.202758789

-57.390636444

-103.057121277

-108.601295471

-65.21169281

-99.125022888

-96.326133728

-68.149978638

-94.453155518

-95.303161621

-63.744171143

-102.48009491

-100.917755127

-63.903682709

-101.940795898

-99.566040039

-71.287788391

-110.245391846

-108.27558136

-63.478633881

-101.156066894

-92.233329773

-59.06942749

-93.270736694

-101.494865417

-64.465782165

-104.486602783

-112.48134613

-61.526065826

-97.411315918

-94.695823669

-62.577899933

-96.089202881

-107.166900635

-68.861671448

-107.046768188

-95.158554077

-57.015037537

-93.132537842

-97.358009338

-57.843040466

-98.114891052

-93.039390564

-57.279678345

-111.47177887

-95.385894775

-67.706459045

-99.540046692

-102.869491577

-73.95917511

-100.071258545

-97.440437317

-63.060832977

-105.067405701

-98.371017456

-67.115722656

-117.666748047

-108.004821777

-61.413017273

-98.535743713

-102.883644104

-60.315177917

-100.399681091

-103.996330261

-64.605766296

-105.047386169

-96.5599823

-70.69165802

-106.511291504

-97.020523071

-59.263980865

-98.261833191

-99.344062805

-63.744083405

-100.942466736

-106.197624207

-69.254180908

-110.850898743

-100.682556152

-69.054985046

-98.070777893

-115.804244995

-77.794113159

-110.220344543

-109.497657776

-76.968307495

-99.723304749

-102.495735168

-71.532226562

-100.442832947

-98.764877319

-66.226402283

-104.871429443

-106.566253662

-66.663742065

-110.177055359

-103.97403717

-69.498977661

-105.972518921

-108.051368713

-60.95331955

-102.331687927

-107.518486023

-63.455013275

-111.565567017

-107.318077087

-68.424468994

-100.595359802

-102.26360321

-69.435600281

-101.128074646

-107.162345886

-75.608726501

-99.034606934

-105.373138428

-68.010490417

-98.387908936

-102.412612915

-73.890556335

-109.987503052

-102.059745789

-67.584571838

-102.285865784

-107.258857727

-65.600578308

-109.478851318

-111.20879364

-77.489692688

-109.905830383

-107.482978821

-75.827804565



List3

		Freq		Mono

		0		-73.466674805

		86.132		-46.256053925

		172.265		-40.755474091

		258.398		-42.276798248

		344.531		-39.001605988

		430.664		-42.460536957

		516.796		-38.370582581

		602.929		-40.864936829

		689.062		-41.582733154

		775.195		-38.725341797

		861.328		-40.35445404

		947.46		-42.700389862

		1033.593		-40.190872192

		1119.726		-42.396167755

		1205.859		-39.595081329

		1291.992		-43.907550812

		1378.125		-44.984466553

		1464.257		-49.430427551

		1550.39		-49.811458588

		1636.523		-56.962749481

		1722.656		-47.759677887

		1808.789		-53.43687439

		1894.921		-58.182041168

		1981.054		-51.950145721

		2067.187		-42.279548645

		2153.32		-43.853183746

		2239.453		-46.834712982

		2325.585		-41.918746948

		2411.718		-49.260715485

		2497.851		-54.966823578

		2583.984		-47.630931854

		2670.117		-48.313671112

		2756.25		-54.51663208

		2842.382		-59.596187592

		2928.515		-45.603790283

		3014.648		-41.239982605

		3100.781		-53.124649048

		3186.914		-51.248474121

		3273.046		-62.415153503

		3359.179		-57.576263428

		3445.312		-48.915840149

		3531.445		-49.127037048

		3617.578		-53.85477829

		3703.71		-56.444458008

		3789.843		-48.94839859

		3875.976		-53.141918182

		3962.109		-48.831035614

		4048.242		-59.260181427

		4134.375		-57.926025391

		4220.507		-51.751766205

		4306.64		-58.499305725

		4392.773		-56.92924881

		4478.906		-64.535499573

		4565.039		-74.013557434

		4651.171		-59.633247375

		4737.304		-57.408294678

		4823.437		-56.407657623

		4909.57		-61.929737091

		4995.703		-63.98897171

		5081.835		-58.681835175

		5167.968		-59.593296051

		5254.101		-53.690689087

		5340.234		-55.98595047

		5426.367		-55.591152191

		5512.5		-59.156101227

		5598.632		-54.399044037

		5684.765		-61.507164001

		5770.898		-56.231330872

		5857.031		-65.211898804

		5943.164		-66.613494873

		6029.296		-55.83890152

		6115.429		-54.396087646

		6201.562		-56.630168915

		6287.695		-54.954406738

		6373.828		-65.698143005

		6459.96		-75.083450317

		6546.093		-64.591758728

		6632.226		-61.515708923

		6718.359		-65.426376343

		6804.492		-68.270141602

		6890.625		-73.155662537

		6976.757		-57.556125641

		7062.89		-61.53735733

		7149.023		-58.307224274

		7235.156		-57.390636444

		7321.289		-65.21169281

		7407.421		-68.149978638

		7493.554		-63.744171143

		7579.687		-63.903682709

		7665.82		-71.287788391

		7751.953		-63.478633881

		7838.085		-59.06942749

		7924.218		-64.465782165

		8010.351		-61.526065826

		8096.484		-62.577899933

		8182.617		-68.861671448

		8268.75		-57.015037537

		8354.882		-57.843040466

		8441.015		-57.279678345

		8527.148		-67.706459045

		8613.281		-73.95917511

		8699.414		-63.060832977

		8785.546		-67.115722656

		8871.679		-61.413017273

		8957.812		-60.315177917

		9043.945		-64.605766296

		9130.078		-70.69165802

		9216.21		-59.263980865

		9302.343		-63.744083405

		9388.476		-69.254180908

		9474.609		-69.054985046

		9560.742		-77.794113159

		9646.875		-76.968307495

		9733.007		-71.532226562

		9819.14		-66.226402283

		9905.273		-66.663742065

		9991.406		-69.498977661

		10077.539		-60.95331955

		10163.671		-63.455013275

		10249.804		-68.424468994

		10335.937		-69.435600281

		10422.07		-75.608726501

		10508.203		-68.010490417

		10594.335		-73.890556335

		10680.468		-67.584571838

		10766.601		-65.600578308

		10852.734		-77.489692688

		10938.867		-75.827804565

		11025		-69.910881042

		11111.132		-72.208625793

		11197.265		-73.815834045

		11283.398		-71.781059265

		11369.531		-71.955757141

		11455.664		-68.84487915

		11541.796		-71.756874084

		11627.929		-60.855083466

		11714.062		-67.935546875

		11800.195		-68.739639282

		11886.328		-71.682380676

		11972.46		-72.187004089

		12058.593		-78.867469788

		12144.726		-66.135803223

		12230.859		-73.029350281

		12316.992		-72.434524536

		12403.125		-68.401565552

		12489.257		-65.574371338

		12575.39		-69.136802673

		12661.523		-74.479492187

		12747.656		-65.56464386

		12833.789		-69.029167175

		12919.921		-83.568527222

		13006.054		-79.188179016

		13092.187		-67.981948853

		13178.32		-70.399467468

		13264.453		-71.133026123

		13350.585		-82.316589355

		13436.718		-85.784706116

		13522.851		-72.838592529

		13608.984		-79.931785583

		13695.117		-84.161743164

		13781.25		-78.84854126

		13867.382		-77.558876038

		13953.515		-86.256996155

		14039.648		-79.219413757

		14125.781		-75.03023529

		14211.914		-76.787147522

		14298.046		-92.29108429

		14384.179		-68.478622436

		14470.312		-77.894721985

		14556.445		-82.28339386

		14642.578		-79.458549499

		14728.71		-85.236053467

		14814.843		-78.825714111

		14900.976		-78.632987976

		14987.109		-77.393638611

		15073.242		-76.328887939

		15159.375		-83.923210144

		15245.507		-79.858802795

		15331.64		-78.675712585

		15417.773		-71.856025696

		15503.906		-75.521270752

		15590.039		-73.47693634

		15676.171		-78.963432312

		15762.304		-80.950431824

		15848.437		-81.616004944

		15934.57		-89.386650085

		16020.703		-89.758728027

		16106.835		-78.208358765

		16192.968		-81.26071167

		16279.101		-77.480400085

		16365.234		-77.574028015

		16451.367		-75.955696106

		16537.5		-75.214935303

		16623.632		-78.628387451

		16709.765		-80.909416199

		16795.898		-83.325279236

		16882.031		-82.672592163

		16968.164		-74.542854309

		17054.296		-72.726959228

		17140.429		-74.177467346

		17226.562		-103.307899475

		17312.695		-78.51751709

		17398.828		-80.475334167

		17484.96		-82.914016724

		17571.093		-80.588973999

		17657.226		-80.511062622

		17743.359		-84.772712707

		17829.492		-81.004737854

		17915.625		-78.30430603

		18001.757		-84.122032165

		18087.89		-82.909439087

		18174.023		-87.647033691

		18260.156		-88.151184082

		18346.289		-99.868705749

		18432.421		-82.864089966

		18518.554		-79.515541077

		18604.687		-96.091163635

		18690.82		-89.11125946

		18776.953		-87.223114014

		18863.085		-97.141952515

		18949.218		-79.634330749

		19035.351		-84.791107178

		19121.484		-88.160568237

		19207.617		-78.968788147

		19293.75		-82.995582581

		19379.882		-87.763725281

		19466.015		-83.142112732

		19552.148		-76.672569275

		19638.281		-84.64389801

		19724.414		-88.758583069

		19810.546		-89.208488464

		19896.679		-91.07408905

		19982.812		-89.924530029

		20068.945		-82.68963623

		20155.078		-84.352630615

		20241.21		-82.233711243

		20327.343		-78.687965393

		20413.476		-94.355163574

		20499.609		-84.016029358

		20585.742		-86.201393127

		20671.875		-89.99131012

		20758.007		-83.042984009

		20844.14		-83.483955383

		20930.273		-84.296287537

		21016.406		-98.099769592

		21102.539		-90.317810059

		21188.671		-99.309394836

		21274.804		-93.113807678

		21360.937		-95.243225098

		21447.07		-90.525344849

		21533.203		-99.748725891

		21619.335		-92.215438843

		21705.468		-97.697311401

		21791.601		-93.567390442

		21877.734		-95.575401306

		21963.867		-92.243927002






_1171446072.unknown

_1171446070.unknown

_1171446068.unknown

_1171446065.unknown

_1171446066.unknown

_1171446064.unknown

