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Introduction:

This curriculum is designed to allow an instructor with minimum tools explore the expanding subject of Precision Agriculture.  Links have been provided to numerous web sites that can be used as a resource for the instructor as well as their students.  Supplemental resources can be found at http://cast.csufresno.edu/agedweb/pa/.  Recommended reference book:
"The Precision-Farming Guide for Agriculturists". by Mark Morgan and Dan Ess. Deere and Company. 1997 . 

Recommended Equipment:

· Uncorrected GPS unit such as the Garmin Etrex (about $120)

· Computer lab

· Internet connection.

Objectives:

After successful completion of this unit students will:

· Understand what is precision agriculture

· Have knowledge of the technologies used in precision agriculture

· Be able to successfully create a map in Arc Explorer using typical Precision Agriculture data.

Teaching Outline

1. Precision Agriculture

1.1. The use of various technologies as management tools to farm more efficiently and sustainably

1.2. Used to manage crop variability caused by fertility, soil texture, irrigation, etc. …….

1.3. “Farming by the square foot”

1.4. Careful tailoring of soil and crop management to fit different conditions found within each field

1.5. Various technologies of Precision Agriculture

1.5.1. Geographic Information Systems

1.5.2. Global Positioning System

1.5.3. Variable Rate Technology

1.5.4. Yield Monitors 

1.5.5. Remote Sensing

1.6. Other common terms referring to Precision Agriculture

1.6.1. Precision Farming

1.6.2. Prescription Farming

1.6.3. Site-specific farming

1.6.4. Variable rate technology

Links

http://agis.deltadatasystems.com/precision_ag_primer.htm 

http://nespal.cpes.peachnet.edu/pa/home/main.asp?targetDir=35 

http://nespal.cpes.peachnet.edu/pa/home/ 

http://wwwghcc.msfc.nasa.gov/precisionag/ 

http://www.precision.agri.umn.edu/
http://ag.arizona.edu/precisionag/
http://www.bae.ncsu.edu/programs/extension/agmachine/precision/
http://www.nal.usda.gov/wqic/preci.html 

2. Geographic Information Systems (GIS)

2.1. Analyze spatial component

2.2. Display the data spatially 

2.3. Retrieve data spatially

2.4. Management tool

2.5. Possible agriculture related layers

2.5.1. Fields (crop, plant data)

2.5.2. Soil Map (soil type, soil class, S.I.)

2.5.3. Fertility (N,P,K)

2.5.4. Pump locations (yields, PWL, last test, pump)

2.5.5. Irrigation distribution (pipe type, size)

2.5.6. Streets (name, size)

2.5.7. Buildings (name, type)

2.5.8. Aerial Photographs 

2.5.9. Remote sensing data (ex. multi-spectral imagery)

2.5.10. Direct sensing data (ex. Veris)

2.5.11. Yield maps

2.5.12. Application maps

2.5.13. Multi-layer analysis

2.6. Software applications

2.6.1. GIS

2.6.1.1. ArcExplorer

2.6.1.1.1. Free took view and query GIS data

2.6.1.1.2. Software includes useful query and symbolization

2.6.1.1.3. Tools for exploring data and creating interesting maps

2.6.1.2. Arc View 

2.6.1.2.1. Full GIS software

2.6.1.2.2. Create and analyze data with a spatial component

2.6.1.3. SST Toolbox

2.6.1.3.1. Ag analysis applications

2.6.1.3.2. Supports creation of prescription maps

2.6.2. Hand-held Applications

2.6.2.1. Used for field data collection

2.6.2.2. HGIS

2.6.2.3. Field Mapper

Links

http://www.usgs.gov/research/gis/title.html 

http://www.geo.ed.ac.uk/home/giswww.html 

http://www.epa.gov/epahome/gis.htm 

http://www.arl.org/transform/gis/ 

http://www.esri.com/
http://www.starpal.com
http://www.sstdevgroup.com/
3. Global Positioning System

3.1. Satellite positioning system

3.2. Three segments

3.2.1. Space segment

3.2.1.1. 24 satellites

3.2.1.2. 6 orbital planes

3.2.1.3. 4 satellites in each plane

3.2.2. Control segment

3.2.2.1. Run by the U.S military

3.2.2.2. Ground based

3.2.2.3. Used to track and adjust satellites

3.2.2.4. Computes exact orbits

3.2.3. User segment

3.2.3.1. GPS receiver – receives transmission from satellites

3.2.3.2. Cost between $150-$15,000 depending on accuracy

3.2.3.3. Must be in line of site with satellites

3.3. How it works

3.3.1. Position of satellites known

3.3.2. Speed of radio signal from each satellite known

3.3.3. Timing allows calculation of the distance from each satellite

3.3.4. Use of triangulation to calculate position of receiver

3.4. Differential GPS

3.4.1. Used to correct errors

3.4.2. Used ground station at known location.  Ground station measures error of GPS signal by comparing known location with GPS location

3.4.3. Error transmitted to DGPS unit and position corrected

3.4.4. DGPS signals

3.4.4.1. US Coast Guard

3.4.4.1.1. Near navigable waters

3.4.4.1.2. Free

3.4.4.1.3. Most of the SJ Valley gets Coast Guard signal 

3.4.4.2. Subscription Services

3.4.4.2.1. Satellite

3.4.4.2.2. Annual Fee

3.5. GPS output

3.5.1. Latitude 

3.5.1.1. North south position

3.5.2. Longitude

3.5.2.1. East west position

3.5.3. Given in decimal degrees

3.6. Accuracy

3.6.1. Selective availability (currently turned off)

3.6.1.1. Purposeful degradation in GPS navigation and timing accuracy that is accomplished by intentionally varying the precise time of the clocks on board the satellites, which introduces errors into the GPS signal.

3.6.1.2. When on accuracy approximately 50 m

3.6.1.3. When off accuracy approximately 25 m

3.6.1.4. SA currently turned off

3.6.2. DGPS – 1-3 m accuracy

3.6.3. Better accuracy can be achieved by sampling more points

3.6.4. Local correction up to 2 cm accuracy (RTK GPS)

3.7. GPS data use

3.7.1. GPS unit stores data then data is downloaded to computer

3.7.2. GPS unit has direct interface to computer

3.7.3. GPS unit can be interfaced with

3.7.3.1. Yield monitor

3.7.3.2. Variable rate applicator

3.7.3.3. Navigation guidance (parallel swathing)

Links

http://www.colorado.edu/geography/gcraft/notes/gps/gps_f.html 

http://www.cnde.iastate.edu/staff/swormley/gps/gps.html 

4. Variable Rate Technology

4.1. A system that varies the rate of agricultural inputs such as seed, fertilizer, and crop protection chemicals in response to changing local conditions

4.2. Site specific application of material

4.2.1. Seeding

4.2.2. Herbicide/Pesticide

4.2.3. Fertilizer and soil amendments

4.2.4. Material can be liquid or dry

4.2.5. Application maps formed by GIS

4.2.6. Requires GPS location

4.2.7. Method of creating map

4.3. Equipment needs sensor

4.3.1. Rate is varied by sensor on the applicator

Links

http://www.engr.uga.edu/research/groups/precisionfarming/rough.html 

http://www.aces.uiuc.edu/~vo-ag/vrtech.htm 

5. Yield monitoring

5.1. Devices that estimate the yield per area by measuring the flow rate of the crop and the area covered by the harvester

5.2. Devices that record crop yields on a small area (typical area < 100 square feet)

5.3. Monitor fitted to harvester

5.4. Generate site-specific yield maps   

5.5. Components needed to measure yield

5.5.1. Measure quantity of crop

5.5.1.1. Volume (and moisture in grain)

5.5.1.2. Weight

5.5.2. Locate the sample

5.5.2.1. DGPS

5.5.3. Calculate the area

5.5.3.1. Distance traveled

5.5.3.2. Harvester width (swath width)

5.5.3.3. Adjust for measurement delay

5.6. Crops currently/commonly used with yield monitors

5.6.1. Grains

5.6.2. Cotton

5.6.3. Potatoes

5.6.4. Peanuts

5.6.5. Tomatoes

Links

http://agronomy.ucdavis.edu/plants/precisag.htm
http://www.gov.mb.ca/agriculture/facts/fbc09s00.html 

http://www.redhorsetech.com/monitor/ 

http://www.farmsoft.com/yieldmonitors/yield-main.html 

http://www.agleader.com/pf3k-cotton.htm 

6. Remote Sensing

6.1. Acquisition of information by a recording device not in physical contact with an object being studied

6.2. Device include:

6.2.1. Cameras

6.2.2. Radar

6.2.3. Laser

6.2.4. Radio receivers

6.2.5. Can collect information from remote locations such as airplanes or satellites

6.3. Sensors

6.3.1. Electromagmentic (EM) spectrum detectors

6.3.2. Panchromatic (visible as B/W)

6.3.3. Multi-spectral

6.3.4. Hyper-spectral

6.3.5. May be fixed wing or satellite mounted

6.4. Types of detection

6.4.1. Passive detection

6.4.1.1. Source of reflecting surface to sensor

6.4.1.2. Types of passive detection

6.4.1.2.1. Visible light

6.4.1.2.2. Infrared radiation

6.4.1.3. Typical 4 band multi-spectral. Blue, Green, Red, Near IR

6.5. Factors in the use of aircraft for remote sensing

6.5.1. Operating cost is low

6.5.2. Can fly under high clouds

6.5.3. Operates at 5,000 to 12,000 ft

6.5.4. Field of view is wide (distortion is a problem)

6.5.5. Resolution is high (commonly 1-2 m

6.6. Factors in the use of satellites for remote sensing

6.6.1. Initial cost is very high

6.6.2. Orbital path determines viewing area

6.6.3. Data must be downloaded

6.6.4. Affected by clouds

6.6.5. Field of view is narrow (less distortion)

6.6.6. Resolution is typically lower.

6.6.6.1. Landsat 7 band (visible + IR) 30 m 

6.6.6.2. Spacing imaging 1m  Panchromatic 4 m multi-spectral

6.6.7. Normalized difference vegetation index (NDVI)

6.6.7.1. Ratio of the difference between the red and near infrared bands divided by their sum.  Used to identify and enhance the vegetation contribution in a digital remote sensing analysis

6.6.7.2. Used to depict vegetation

6.6.7.3. Gives important information about the productivity or “greenness” and density of land vegetation

6.6.8. Application to agriculture

6.6.8.1. Mapping

6.6.8.2. Wide area data

6.6.8.3. Detection of crop problems

6.6.8.4. Detection of crop growth and maturity

6.6.8.5. Weather forecasting

Links

http://landsat7.usgs.gov/ 

http://www.terraserver.com/ 

http://www.gaf.de/agricul/agricul.htm 

http://apollo.ge.ucl.ac.uk/~cdoll/Agricap1.html 

http://www.uswcl.ars.ag.gov/EPD/remsen/rspreag.htm 

http://www.gisl.co.uk/gisl.htm 

http://www.research.umbc.edu/~tbenja1/ 

http://www.amesremote.com/section3.htm 

An Overview of Precision Agriculture Technologies

Precision agriculture (PA) has been called “farming by the square foot” because it focuses on collecting data and managing inputs at a very small scale. PA technologies have been in use in the Mid-west for since 1995 and much of the research in this area has been done on Mid-west crops and non-irrigated agriculture.  Precision agriculture uses a group of the technologies that includes Geographic Information Systems (GIS), Global Positioning Systems (GPS), Remote Sensing, Variable Rate Technologies (VRT) or Variable Rate Applicators (VRA), and Yield Monitors.  These technologies are also called Site Specific (SS) technologies. 

Geographic Information Systems provide a repository for data with a spatial component.  This tool is critical for storage and analysis of PA data.  A broader term for GIS is Spatial Information System (SIS).  Simply put GIS is the joining of maps and data.  For example a GIS can easily track the attributes of a grower’s fields (such as crop, irrigation method, and planting date), soil types of a farm, and well locations. GIS data is stored in layers.  A layer contains some specific spatial data (i.e. location) and tabular data (i.e. well hp, yield, and pumping water level).  The real power of a GIS is the ability to do analysis between layers.  For example you can calculate how many acres of cotton are planted in class I soils or how many acres of grapes are planted on slopes greater than 10%.  It is this type of analysis that allows you to view data in new ways.  The typical output of a GIS is a map, but it can also generate tabular output. 

Global Positioning Systems are the means used to accurately associate data with a spatial position.  GPS is a satellite based positioning system created and maintained by the U.S. Military.  The user uses a receiver that receives data from at least four satellites to triangulate a very accurate position.  Typical uncorrected accuracies for civilian GPS receivers are 25-50m.  While this is accurate enough to locate a favorite fishing spot we need better accuracy for PA.  Increased accuracy is achieved by use of a differential correction (DC) and this is known as Differential GPS or DGPS.  For most PA applications the Coast Guard or private satellite service is used for the DC and the error is improved to “sub meter”.  With local DC the error can be further reduced to less than 2 cm.

GIS and GPS are often combined to map fields and accurately locate sample points.  A common use of these technologies is for grid sampling.  Grid sampling is a technique where GPS is used to guide a field person to points on a uniform grid where samples are taken.  Once the samples are analyzed the data is entered into the GIS and it is mapped.  Soil analysis is often performed on 1, 2, or 4 acre grids.  The data is then used to create a contour map of similar nutrient levels or soil textures.  

Remote Sensing as the name implies is sensing from a distance.  Our most common experience of remote sensing is the weather satellite images we see on the nightly news.  The most common application of remote sensing in PA is to collect data from aircraft or satellite in the blue, green, red, and near infra-red (IR) bands, however research is also being conducted using RADAR, passive microwave, thermal IR, and other wavelengths.  Red and near-IR are often combined into the Normalized Difference Vegetation Index (NDVI) which is called a “greenness index”.  Images outside the visual range are converted into “false” color so we can view them.  One quality of remote sensing data is the resolution.  Resolution is the size on the ground of the smallest piece of data (one pixel). Typical data collected by aircraft is 1-4m resolution.  Data collected by satellite is 2-15m resolution.  Data from aircraft has the advantage of faster turn around (delivery time).  Satellite data generally costs less per acre.  Currently remote sensing data is being used in PA to create maps and locate problem spots.

Variable Rate Technologies (VRT) or Variable Rate Applicators (VRA) are used to vary the rate of application of seed, nutrients, and soil amendments within the field.  The two strategies used to determine when to vary the application rate are location and sensors.  Sensors are used to detect weeds or soil moisture as the equipment moves through the field and rates are adjusted based on the sensor measurement.  The location method uses DGPS to locate the position of the equipment and compare it to an electronic application map that has been downloaded into the equipment.  The rate is varied as the equipment moves into different regions on the application map.  VRT is currently being used to vary seeding rates and for the application of liquid and dry chemicals.  Often growers have found that they have not reduced the overall application of chemical, but rather applied them more strategically which has increased yields, increased soil fertility, reduced leaching, and reduced runoff.

Yield monitors measure crop yields as the crop is being harvested.  This results in a “yield map” of the field, which has resolution in the range of 100 square feet or less.  Yield monitors are available for grains, silage, cotton, and other crops.  The yield monitor is used in conjunction with DGPS (location) and software that accounts for measurement lag and other variables.  The data is stored and then uploaded to a GIS where it is plotted.  Yield maps are used to locate problem areas in fields that are not apparent with average per/acre yield data.  

Precision agriculture technologies are being used singly and in combination to collect more detailed data and to manage production at the sub-field level.  PA technologies are still evolving and are often crop specific.  The cost of PA is falling as more growers adopt it and specific crop data is increasing.  These factors are making PA technologies valuable tools for production agriculture managers and consultants. 

Activity # 1 -- An Arc Explorer Exercise

Start Arc Explorer and maximize the window.

1. Locate the “Farm Data” on your hard drive. 

2. Add the following “Themes” (layers).

· Streets

· Soils Map

· Farm Map

· Pumps

· Spumps

· Photo (low res)

5. Adjust the order in Arc Explorer to match that shown above by dragging the themes in to correct order (top to bottom).

6. “turn on” the street and soils theme by checking the box.  They should now be visible.

7. Set your map units to meters.

8. Label the streets

9. Classify the soils by Class using “Unique Values” and the field “CLASS”.

10. Change the classification to use Storie Index (SI). Used a graduated classification.

11. Turn on the field map and pump themes.

12. Make the field map style transparent fill.

13. Try using the identify tool to retrieve information about a field.

14. Print the map. (Don’t forget to add a title.)

15. Turn off the soils theme.

16. Classify the fields by crop.

17. Print the map.

18. Using the query tool query the field map to find the fields with cotton.  Using the statistics button find the number of acres of cotton on the UAL?  How many acres of grapes?

19. Experiment!

ESRI ArcExplorer and the 
University Agricultural Laboratory GIS Data 

ArcExplorer is a GIS tool that can be downloaded free of charge and used to view and modify maps and layers of spatial data.  The layers provided to you today to work with can be accessed and are available to those of you with Internet access.  The location of the University Agricultural Laboratory data as well as the ArcExplorer program is available at http://cast.csufresno.edu/agedweb/pa/. The files contain all of the data described below and ArcExplorer software.  You will need a Windows 95/98/NT computer with at least 32MB of RAM to use this software.

There are seven layers that you can import into ArcExplorer and view.  These seven layers include specific information regarding the University Agricultural Laboratory (UAL).  These layers come in with associated information including database information.  The seven layers include:

· Farm map.shp  - This layer includes information on fields, crops and variety, and type of irrigation system.

· Places.shp – This layer includes University Agricultural Laboratory buildings and Fresno State buildings.

· Pump.shp – This layer includes the location of irrigation pumps and pump data.

· Soilsmap.shp – This layer is information gathered from the Natural Resources Conservation Service (formerly Soil Conservation Service) on the location of soils.  This layer is a digitized soil map.  This layer can be used as an overlay with farm map.shp to be queried and show the fields that contain a certain soil and what is grown there. 

· Spumps.shp – This layer contains the location of the “sump” or return pumps.  These small pumps return tail water to the distribution system. 

· Street.shp – This is a layer that contains information to locate the streets that border and transect University Agricultural Laboratory.

· Photo_lowres.tif This layer is the low-resolution aerial photograph of the Campus and UAL area.  A number of other photos are available for download, but this is the smallest file and is can be used with computer with limited memory.

Data is in the geographic coordinate system WGS-84 (latitude and longitude).  

Activity # 2a  -- GPS Accuracy

1. Using the Web find specifications of three GPS units.  Print the specifications for each of the three units.  Suggestion:  GPS units range from $100-$20,000.  Select your three and see if price makes a difference.

2. Using the Excel spreadsheet "gps accuracy", enter the accuracy in meters or feet and the statistic used to report the accuracy.  The three statistics are:

CEP -- 50% of the readings within the accuracy stated.

RMS -- 66% of the readings within the accuracy stated (also called sigma)

2RMS -- 95% of reading within the accuracy stated (also called 2 sigma)

3. Print the resulting graph from the spreadsheet.

4. Attach your specifications and graphs

5. Summarize your results.

Recommended links:

http://www.trimble.com 

http://www.garmin.com 

http://www.ashtech.com/
http://www.magellangps.com/
http://www.lowrance.com/
Activity # 2b  -- GPS Accuracy

6. Choose and identify a spot in an open area.

7. With an uncorrected GPS unit go to the exact chosen site and take a reading. SET the unit to read in UTM

8. Take a reading at this exact same location everyday for a week or two and record the readings.

Location Readings

	Day
	Reading

	Day 1
	

	Day 2
	

	Day 3
	

	Day 4
	

	Day 5
	

	Day 6
	

	Day 7
	

	Day 8
	

	Day 9
	

	Day 10
	


Readings will be in UTM, which are in meters.

4.
For each day readings are taken go to the navy website on the web and record/print the GPS constellation at the time of the reading. 

http://sirius.chinalake.navy.mil/satpred/
http://www.colorado.edu/geography/gcraft/notes/gps/gps_f.html
http://www.ualberta.ca/~norris/gps/
http://www.trimble.com/satview/
5.
After 2 weeks worth of readings are taken plot readings on graph paper or use a spreadsheet.  Can you estimate the actual location?.
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Questions

1. What kind of variability would you expect?

2. What kind of variability was actually observed?

3. Compare the GPS constellations to the location of readings?

4. How do your reading compare with the published accuracy?

Activity # 3  --  Measuring Field Variability

1. Find a small field

2. Make sure you have permission to enter the field.

3. In Row Crops: Use a 100’ tape to measure a grid in the field that contains at least 25 points (5x5). Stake out the grid.
In Trees or Vines use the plant spacing to establish a regular grid.  

4. Measure the height of several plants or diameter of the plants at each of the 20 or more sampling points and record the data in a form similar to the one below.

	Sampling point
	Measurement 1
	Measurement 2
	Measurement 3
	Average Measurement

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	

	6
	
	
	
	

	7
	
	
	
	

	8
	
	
	
	

	9
	
	
	
	

	10
	
	
	
	

	11
	
	
	
	

	12
	
	
	
	

	13
	
	
	
	

	14
	
	
	
	

	15
	
	
	
	

	16
	
	
	
	

	17
	
	
	
	

	18
	
	
	
	

	19
	
	
	
	

	20
	
	
	
	

	21
	
	
	
	

	22
	
	
	
	

	23
	
	
	
	

	24
	
	
	
	

	25
	
	
	
	


5. Using graph paper plot the grid points to scale and record average readings.

6. Create a contour map of the data.

7. Describe variability.

Questions

1. Is the area of the crop sampled relatively uniform or highly variable ?

2. If the readings are variable then what is the cause?  Explore changes in soil type, irrigation, etc. 

Example Exercise

Sample data collected and plotted on a grid.  Numbers represent the measurements taken in the field. 
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Contour lines plotted showing lines of equal measurement.  
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Activity # 4 -- Multi-Spectral Imagery

Multi-spectral imagery commonly included three visible light bands (blue, green, and red) and near infrared (IR).  Plants reflect IR and water absorbs IR, therefore IR images show vigorous plant growth as bright values.  IR also shows soil texture differences.  

 With Arc Explorer:

1. Load the 1 meter emerge multi-spectral imagery individually into ArcExplorer.  Files ending in 3 are false color IR, files ending in 4 are NDVI, and files ending in 4-canopy are colored NDVI.  

2. Look for variations within the field and between each file.

3. Locate areas of high intensity and of low intensity.

4. Do any patterns suggest a cause for the variation?

5. What would you look for when "ground truthing"

With Arc View:

1. Load the 2 meter multi-spectral data.

2. Using the double click on the theme.  Experiment with changing the bands to represent different colors.  

3. Display a single band at a time.  How do the bands differ?

If you have spatial analyst:

1. Convert the image to grids.  

2. For each band use the histogram tool to view the properties of the image.  How do the bands differ?

If you have image analyst:

1. Load the image as an image analyst image

2. Use the stretch tool (click on the image theme) to enhance the image (suggest 1 standard deviation).

3. How does this help you discover variations?

Activity # 5 -- Yield Data 

1. Open Arc Explorer.

2. Load the yield data for corn.

3. Look critically at the variations of yield within the field.

4. Be able to identify locations of variation and suggest possible reasons that the yield may be especially high or low in the area.

5. Close the file with the yield data for corn.

6. Open the file with yield data for cotton.

7. Look at yield data for the field and identify areas of high and low yields. 

8. Compare areas with high and low yield for cotton with those areas of high and low yield for corn.

9. Be able to discuss variations in yield between the two different crops and possibilities of why the variations exist.

Activity # 6 -- Web Based Yield and Variable Rate Technology Activity

· Find one web site that has a yield map. Write down the web address or print the first page. 

· Find one web site that has equipment needed for yield mapping. Write down the web address or print the first page

· Find two web sites for VRT equipment. Write down the web address or print the first page.

· Find a web site with information on VRT. Write down the web address or print the first page.

Answer the following questions:

1. The yield map was for what crop?

2. What was the brand of the yield monitor and what crops can it be used for?

3. List the two manufacturers of VRT equipment and describe the components of each.

4. Describe two uses for VRT. (How is it used?)
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		258382.658878874		3.4878236872

		258394.264514948		4.3577871374

		258365.146799809		5.2264231634

		258393.624851636		6.0934671703

		258430.242252607		6.958655048

		258390.328339223		7.821723252

		258400.908137687		8.6824088833

		258379.178305179		9.5404497688

		258288.693238839		10.3955845409

		258396.829728619		11.2475527172

		258428.032179417		12.09609478

		258429.54343139		12.9409522551

		258381.568922014		13.7818677909

		258406.587731753		14.6185852361

		258344.268831852		15.4508497187

		258369.637389337		16.2784077229

		258346.605995505		17.1010071663

		258310.944560617		17.9183974773

		258446.108139129		18.7303296708

		258412.584404117		19.5365564245

		258422.141705059		20.3368321538

		258308.900058132		21.130913087

		258376.381670254		21.9185573395

		258398.169433394		22.699524987

		258385.200353669		23.4735781393

		258370.560256026		24.2404810123

		258410.547897396		25

		258426.758751043		25.7519037455

		258332.914200993		26.4959632117

		258347.678044576		27.2319517508

		258385.688708549		27.9596451735

		258394.678950039		28.6788218176

		258369.864633497		29.3892626146

		258381.983748001		30.0907511576

		258401.645998302		30.7830737663

		258407.83866842		31.4660195525

		258456.804781623		32.1393804843

		258366.218895021		32.8029514495

		258337.451892485		33.4565303179

		258455.919353939		34.0999180031

		258386.358234484		34.7329185229

		258376.675416598		35.3553390593

		258399.469866896		35.9669900169

		258377.313340339		36.567685081

		258425.887227748		37.1572412739

		258393		37.7354790111

		258366.108149291		38.3022221559

		258352.768063979		38.8572980728

		258416.188185998		39.4005376803

		258415.252680165		39.9317755024

		258393		40.4508497187

		258350.439156793		40.9576022144

		258392.6037231		41.4518786278

		258417.976154814		41.9335283973

		258480.926373217		42.4024048078

		258398.022926466		42.8583650351

		258414.959690259		43.3012701892

		258372.854426079		43.730985357

		258441.825314463		44.1473796429

		258352.51192413		44.5503262094

		258415.478144794		44.939702315

		258379.096531731		45.3153893518

		258464.159077753		45.6772728821

		258423.120827167		46.0252426726

		258408.297038584		46.3591927283

		258376.755208829		46.6790213249

		258304.864294099		46.9846310393

		258367.05350399		47.27592878

		258394.561048271		47.5528258148

		258430.426243213		47.8152377982

		258429.620583095		48.0630847969

		258385.400005138		48.2962913145

		258368.211972538		48.5147863138

		258388.440997435		48.7185032393

		258441.194238429		48.9073800367

		258393.709029637		49.0813591724

		258466.157065858		49.2403876506

		258465.165488383		49.3844170298

		258436.30933706		49.5134034371

		258394.959546009		49.6273075821

		258346.652206695		49.7260947684

		258388.669058907		49.8097349046

		258435.309086758		49.878202513

		258426.928682786		49.9314767377

		258392.602615411		49.969541351

		258393		49.9923847578

		258467.93953028		50

		258456.056745894		49.9923847578

		258372.717579007		49.969541351

		258435.374144051		49.9314767377

		258330.085584103		49.878202513

		258375.599853823		49.8097349046

		258483.04561819		49.7260947684

		258392.524914002		49.6273075821

		258470.656208087		49.5134034371

		258425.435143761		49.3844170298

		258406.827787526		49.2403876506

		258393.556333771		49.0813591724

		258409.849726328		48.9073800367

		258398.14737916		48.7185032393

				48.5147863138

				48.2962913145

				48.0630847969

				47.8152377982

				47.5528258148

				47.27592878

				46.9846310393

				46.6790213249

				46.3591927283

				46.0252426726

				45.6772728821

				45.3153893518

				44.939702315

				44.5503262094

				44.1473796429

				43.730985357

				43.3012701892

				42.8583650351

				42.4024048078

				41.9335283973

				41.4518786278

				40.9576022144

				40.4508497187

				39.9317755024

				39.4005376803

				38.8572980728

				38.3022221559

				37.7354790111

				37.1572412739

				36.567685081

				35.9669900169

				35.3553390593

				34.7329185229

				34.0999180031

				33.4565303179

				32.8029514495

				32.1393804843

				31.4660195525

				30.7830737663

				30.0907511576

				29.3892626146

				28.6788218176

				27.9596451735

				27.2319517508

				26.4959632117

				25.7519037455

				25

				24.2404810123

				23.4735781393

				22.699524987

				21.9185573395

				21.130913087

				20.3368321538

				19.5365564245

				18.7303296708

				17.9183974773

				17.1010071663

				16.2784077229

				15.4508497187

				14.6185852361

				13.7818677909

				12.9409522551

				12.09609478

				11.2475527172

				10.3955845409

				9.5404497688

				8.6824088833

				7.821723252

				6.958655048

				6.0934671703

				5.2264231634

				4.3577871374

				3.4878236872

				2.6167978121

				1.7449748351

				0.8726203219

				0

				-0.8726203219

				-1.7449748351

				-2.6167978121

				-3.4878236872

				-4.3577871374

				-5.2264231634

				-6.0934671703

				-6.958655048

				-7.821723252

				-8.6824088833

				-9.5404497688

				-10.3955845409

				-11.2475527172

				-12.09609478

				-12.9409522551

				-13.7818677908

				-14.6185852361

				-15.4508497187

				-16.2784077229

				-17.1010071663

				-17.9183974773

				-18.7303296708

				-19.5365564245

				-20.3368321538

				-21.130913087

				-21.9185573395

				-22.699524987

				-23.4735781393

				-24.2404810123

				-25

				-25.7519037455

				-26.4959632117

				-27.2319517508

				-27.9596451735

				-28.6788218176

				-29.3892626146

				-30.0907511576

				-30.7830737663

				-31.4660195525

				-32.1393804843

				-32.8029514495

				-33.4565303179

				-34.0999180031

				-34.7329185229

				-35.3553390593

				-35.9669900169

				-36.567685081

				-37.1572412739

				-37.7354790111

				-38.3022221559

				-38.8572980728

				-39.4005376803

				-39.9317755024

				-40.4508497187

				-40.9576022144

				-41.4518786278

				-41.9335283973

				-42.4024048078

				-42.8583650351

				-43.3012701892

				-43.730985357

				-44.1473796429

				-44.5503262094

				-44.939702315

				-45.3153893518

				-45.6772728821

				-46.0252426726

				-46.3591927283

				-46.6790213249

				-46.9846310393

				-47.27592878

				-47.5528258148

				-47.8152377982

				-48.0630847969

				-48.2962913145

				-48.5147863138

				-48.7185032393

				-48.9073800367

				-49.0813591724

				-49.2403876506

				-49.3844170298

				-49.5134034371

				-49.6273075821

				-49.7260947684

				-49.8097349046

				-49.878202513

				-49.9314767377

				-49.969541351

				-49.9923847578

				-50

				-49.9923847578

				-49.969541351

				-49.9314767377

				-49.878202513

				-49.8097349046

				-49.7260947684

				-49.6273075821

				-49.5134034371

				-49.3844170298

				-49.2403876506

				-49.0813591724

				-48.9073800367

				-48.7185032393

				-48.5147863138

				-48.2962913145

				-48.0630847969

				-47.8152377982

				-47.5528258148

				-47.27592878

				-46.9846310393

				-46.6790213249

				-46.3591927283

				-46.0252426726

				-45.6772728821

				-45.3153893518

				-44.939702315

				-44.5503262094

				-44.1473796429

				-43.730985357

				-43.3012701892

				-42.8583650351

				-42.4024048078

				-41.9335283973

				-41.4518786278

				-40.9576022144

				-40.4508497187

				-39.9317755024

				-39.4005376803

				-38.8572980728

				-38.3022221559

				-37.7354790111

				-37.1572412739

				-36.567685081

				-35.9669900169

				-35.3553390593

				-34.7329185229

				-34.0999180031

				-33.4565303179

				-32.8029514495

				-32.1393804843

				-31.4660195525

				-30.7830737663

				-30.0907511576

				-29.3892626146

				-28.6788218176

				-27.9596451735

				-27.2319517508

				-26.4959632117

				-25.7519037455

				-25

				-24.2404810123

				-23.4735781393

				-22.699524987

				-21.9185573395

				-21.130913087

				-20.3368321538

				-19.5365564245

				-18.7303296708

				-17.9183974773

				-17.1010071663

				-16.2784077229

				-15.4508497187

				-14.6185852361

				-13.7818677908

				-12.9409522551

				-12.09609478

				-11.2475527172

				-10.3955845409

				-9.5404497688

				-8.6824088833

				-7.821723252

				-6.958655048

				-6.0934671703

				-5.2264231634

				-4.3577871374

				-3.4878236872

				-2.6167978121

				-1.7449748351

				-0.8726203219

				-0



meters

meters

Sample GPS Readings

4027269.66665558

49.9923847578

4027372.01773533

49.969541351

4027374.21647811

49.9314767377

4027386.03279646

49.878202513

4027358.59263986

49.8097349046

4027388.04144154

49.7260947684

4027359.21458299

49.6273075821

4027395.93742639

49.5134034371

4027351.18019637

49.3844170298

4027390.2539076

49.2403876506

4027349.84618499

49.0813591724

4027402.44036214

48.9073800367

4027319.56256616

48.7185032393

4027370.15391923

48.5147863138

4027380.64885571

48.2962913145

4027346.06311551

48.0630847969

4027325.48145481

47.8152377982

4027307.26883185

47.5528258148

4027355.59220411

47.27592878

4027365.01808094

46.9846310393

4027327.7460464

46.6790213249

4027405.52414093

46.3591927283

4027330.01061793

46.0252426726

4027315.88988402

45.6772728821

4027369.32012222

45.3153893518

4027329.40511309

44.939702315

4027339.09154525

44.5503262094

4027357.51609766

44.1473796429

4027337.17081911

43.730985357

4027337.18218391

43.3012701892

4027283.60412476

42.8583650351

4027452.15737886

42.4024048078

4027331.90188884

41.9335283973

4027355.74468408

41.4518786278

4027354.78017139

40.9576022144

4027306.38604642

40.4508497187

4027366.27282118

39.9317755024

4027351.96830478

39.4005376803

4027337.67577056

38.8572980728

4027352.65613309

38.3022221559

4027347.29829151

37.7354790111

4027448.44757562

37.1572412739

4027433.69893127

36.567685081

4027361.98027253

35.9669900169

4027370.19074385

35.3553390593

4027309.96450498

34.7329185229

4027304.69124817

34.0999180031

4027291.45518133

33.4565303179

4027456.6178536

32.8029514495

4027336.4619268

32.1393804843

4027358.81329102

31.4660195525

4027360.50732676

30.7830737663

4027337.98013491

30.0907511576

4027314.69325176

29.3892626146

4027382.59496651

28.6788218176

4027355.73270786

27.9596451735

4027397.567302

27.2319517508

4027391.52456072

26.4959632117

4027346.14195175

25.7519037455

4027384.10712179

25

4027340.26055266

24.2404810123

4027277.86316337

23.4735781393

4027372.35824449

22.699524987

4027352.0364966

21.9185573395

4027365.02901787

21.130913087

4027336.93298258

20.3368321538

4027400.6559627

19.5365564245

4027343.16426057

18.7303296708

4027306.00367365

17.9183974773

4027381.27250699

17.1010071663

4027357.35979824

16.2784077229

4027338.15713662

15.4508497187

4027361.25991546

14.6185852361

4027316.72923255

13.7818677909

4027391.75516466

12.9409522551

4027338.64323631

12.09609478

4027370.91182548

11.2475527172

4027302.47487566

10.3955845409

4027364.10424583

9.5404497688

4027407.22512899

8.6824088833

4027389.65131989

7.821723252

4027373.498108

6.958655048

4027345.91900971

6.0934671703

4027354.38149939

5.2264231634

4027365.72745296

4.3577871374

4027376.6355204

3.4878236872

4027307.54481931

2.6167978121

4027352.21913819

1.7449748351

4027420.85038284

0.8726203219

4027348.12353798

0

4027446.05436596

-0.8726203219

4027392.59045606

-1.7449748351

4027299.76761157

-2.6167978121

4027363.72491893

-3.4878236872

4027342.88804938

-4.3577871374

4027321.43472566

-5.2264231634

4027342.39531702

-6.0934671703

4027410.37546229

-6.958655048

4027325.75373912

-7.821723252

4027368.02031231

-8.6824088833

4027354.9081335

-9.5404497688

4027337.28648307

-10.3955845409

4027368.74021049

-11.2475527172

-12.09609478

-12.9409522551

-13.7818677909

-14.6185852361

-15.4508497187

-16.2784077229

-17.1010071663

-17.9183974773

-18.7303296708

-19.5365564245

-20.3368321538

-21.130913087

-21.9185573395

-22.699524987

-23.4735781393

-24.2404810123

-25

-25.7519037455

-26.4959632117

-27.2319517508

-27.9596451735

-28.6788218176

-29.3892626146

-30.0907511576

-30.7830737663

-31.4660195525

-32.1393804843

-32.8029514495

-33.4565303179

-34.0999180031

-34.7329185229

-35.3553390593

-35.9669900169

-36.567685081

-37.1572412739

-37.7354790111

-38.3022221559

-38.8572980728

-39.4005376803

-39.9317755024

-40.4508497187

-40.9576022144

-41.4518786278

-41.9335283973

-42.4024048078

-42.8583650351

-43.3012701892

-43.730985357

-44.1473796429

-44.5503262094

-44.939702315

-45.3153893518

-45.6772728821

-46.0252426726

-46.3591927283

-46.6790213249

-46.9846310393

-47.27592878

-47.5528258148

-47.8152377982

-48.0630847969

-48.2962913145

-48.5147863138

-48.7185032393

-48.9073800367

-49.0813591724

-49.2403876506

-49.3844170298

-49.5134034371

-49.6273075821

-49.7260947684

-49.8097349046

-49.878202513

-49.9314767377

-49.969541351

-49.9923847578

-50

-49.9923847578

-49.969541351

-49.9314767377

-49.878202513

-49.8097349046

-49.7260947684

-49.6273075821

-49.5134034371

-49.3844170298

-49.2403876506

-49.0813591724

-48.9073800367

-48.7185032393

-48.5147863138

-48.2962913145

-48.0630847969

-47.8152377982

-47.5528258148

-47.27592878

-46.9846310393

-46.6790213249

-46.3591927283

-46.0252426726

-45.6772728821

-45.3153893518

-44.939702315

-44.5503262094

-44.1473796429

-43.730985357

-43.3012701892

-42.8583650351

-42.4024048078

-41.9335283973

-41.4518786278

-40.9576022144

-40.4508497187

-39.9317755024

-39.4005376803

-38.8572980728

-38.3022221559

-37.7354790111

-37.1572412739

-36.567685081

-35.9669900169

-35.3553390593

-34.7329185229

-34.0999180031

-33.4565303179

-32.8029514495

-32.1393804843

-31.4660195525

-30.7830737663

-30.0907511576

-29.3892626146

-28.6788218176

-27.9596451735

-27.2319517508

-26.4959632117

-25.7519037455

-25

-24.2404810123

-23.4735781393

-22.699524987

-21.9185573395

-21.130913087

-20.3368321538

-19.5365564245

-18.7303296708

-17.9183974773

-17.1010071663

-16.2784077229

-15.4508497187

-14.6185852361

-13.7818677908

-12.9409522551

-12.09609478

-11.2475527172

-10.3955845409

-9.5404497688

-8.6824088833

-7.821723252

-6.958655048

-6.0934671703

-5.2264231634

-4.3577871374

-3.4878236872

-2.6167978121

-1.7449748351

-0.8726203219

-0

0.8726203219

1.7449748351

2.6167978121

3.4878236872

4.3577871374

5.2264231634

6.0934671703

6.958655048

7.821723252

8.6824088833

9.5404497688

10.3955845409

11.2475527172

12.09609478

12.9409522551

13.7818677909

14.6185852361

15.4508497187

16.2784077229

17.1010071663

17.9183974773

18.7303296708

19.5365564245

20.3368321538

21.130913087

21.9185573395

22.699524987

23.4735781393

24.2404810123

25

25.7519037455

26.4959632117

27.2319517508

27.9596451735

28.6788218176

29.3892626146

30.0907511576

30.7830737663

31.4660195525

32.1393804843

32.8029514495

33.4565303179

34.0999180031

34.7329185229

35.3553390593

35.9669900169

36.567685081

37.1572412739

37.7354790111

38.3022221559

38.8572980728

39.4005376803

39.9317755024

40.4508497187

40.9576022144

41.4518786278

41.9335283973

42.4024048078

42.8583650351

43.3012701892

43.730985357

44.1473796429

44.5503262094

44.939702315

45.3153893518

45.6772728821

46.0252426726

46.3591927283

46.6790213249

46.9846310393

47.27592878

47.5528258148

47.8152377982

48.0630847969

48.2962913145

48.5147863138

48.7185032393

48.9073800367

49.0813591724
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Sheet2

				Offset		258393		4027356

		Range		Angle		X		Y				0

		-16.1699631462		269		258409.167500383		4027356.28220477

		-1.8907826416		228		258394.405125336		4027357.26518054

		10.676956208		240		258383.753484689		4027350.6615219

		-85.4693098518		75		258310.442986259		4027333.87891484

		-28.3283156932		78		258365.290725972		4027350.11021199

		-51.7671878697		180		258393		4027407.76718787

		53.8591393706		22		258413.175988724		4027405.93732445

		-12.0676872939		56		258382.99543382		4027349.2518349

		-44.9036861028		46		258360.698991404		4027324.80727858

		64.4503188596		226		258346.6383205		4027311.22904653

		63.6894128547		99		258455.905290496		4027346.03678077

		21.1651354221		210		258382.417432289		4027337.67045505

		116.3116394309		304		258296.573280786		4027421.04064336

		95.8152668318		25		258433.493281517		4027442.83812245

		4.0843701754		111		258396.81308805		4027354.53629263

		-11.5079501484		230		258401.815601263		4027363.39716777

		50.5448269905		128		258432.829867208		4027324.88149724

		44.0489884568		26		258412.309805585		4027395.59096857

		-9.3539824775		201		258396.352167521		4027364.73269495

		107.9861249309		330		258339.006937535		4027449.51872745

		126.2378646061		108		258513.059343737		4027316.9903545

		-17.8469576895		332		258401.378639117		4027340.24207167

		-18.3193833436		244		258409.465352681		4027364.03068908

		23.6366872741		111		258415.066748586		4027347.52936885

		-51.2329734192		173		258386.756271169		4027406.8510906

		-1.9188064471		43		258391.69137715		4027354.5966738

		-14.160207229		74		258379.388335184		4027352.09691792

		36.8871724277		282		258356.918900792		4027363.66927439

		-66.4090293867		229		258443.119530691		4027399.56824334

		-22.7526015806		64		258372.550097162		4027346.02591595

		-2.5968347472		140		258391.3307868		4027357.98929083

		-24.1003021983		104		258369.615579775		4027361.83039079

		52.479435908		264		258340.808051933		4027350.51440521

		104.3990778271		202		258353.891417099		4027259.20286061

		0.9267751011		8		258393.128982165		4027356.91775579

		-21.7460751628		142		258379.611779283		4027373.13614108

		68.6843577569		231		258339.622228754		4027312.77553312

		24.8542164627		96		258417.718062464		4027353.40202695

		97.3832356976		175		258401.487508238		4027258.98733691

		4.8944457376		360		258393		4027360.89444574

		16.5691176335		27		258400.522221995		4027370.76319191

		25.4218548434		216		258378.057408637		4027335.4332874

		-47.0406575914		213		258418.620178357		4027395.45161502

		-46.3203377876		192		258402.630539749		4027401.30812727

		23.1848389376		277		258369.987977336		4027358.8255211

		-10.0548049886		214		258398.622575595		4027364.33581112

		-66.5149855195		352		258402.257096795		4027290.13233375

		63.0153635939		314		258347.670540934		4027399.77414979

		124.7826730832		84		258517.099100544		4027369.04334106

		-3.019408723		41		258391.019089645		4027353.72122331

		-33.3110392603		68		258362.114542219		4027343.52146506

		-20.4976231544		264		258413.38533503		4027358.14258505

		-14.0803422255		5		258391.772817315		4027341.97323773

		39.0609784517		331		258374.06286187		4027390.16350153

		33.2802301273		78		258425.552977251		4027362.91934892

		-51.3169879923		281		258443.374150386		4027346.20825708

		11.899828678		31		258399.128864854		4027366.20014403

		-5.2617110669		281		258398.165038615		4027354.9960182

		-49.3034804094		216		258421.979858671		4027395.88735353

		25.7625742961		169		258397.91573092		4027330.71075676

		12.3185373013		335		258387.793961179		4027367.16438628

		-24.0110580307		205		258403.147511608		4027377.76140887

		-69.4856225891		197		258413.31562993		4027422.44943135

		7.6753963185		351		258391.799303483		4027363.58089945

		42.9382680522		188		258387.024148085		4027313.47960422

		43.7503331341		243		258354.018167742		4027336.1377644

		1.514649739		59		258394.298308228		4027356.78010229

		-15.1058543452		63		258379.540585225		4027349.14208564

		38.1925246984		94		258431.099489628		4027353.33582415

		-33.2015588356		318		258415.216179196		4027331.32643335

		-38.9751448893		336		258408.852619596		4027320.39443343

		17.2930754161		339		258386.802716022		4027372.14447672

		-31.987156035		192		258399.650503696		4027387.28815993

		-50.1750037074		270		258443.175003707		4027356

		-76.8122845329		344		258414.172335003		4027282.1632931

		-5.1359734243		313		258396.756213175		4027352.49727455

		89.1386662261		46		258457.120990366		4027417.92092063

		37.7699507226		102		258429.944586679		4027348.14718568

		-7.2701595855		31		258389.255591003		4027349.76825693

		-100.3772922559		358		258396.50311698		4027255.68385488

		22.1752998186		348		258388.38949592		4027377.69071631

		-82.0773493615		312		258453.995357467		4027301.07953345

		14.9649963532		293		258379.224648225		4027361.84728991

		-65.4058567306		25		258365.358290521		4027296.72216273

		-26.1039190264		100		258367.292658159		4027360.53289797

		-6.9869088293		174		258392.269669157		4027362.94863381

		117.9723767564		242		258288.836573919		4027300.61532392

		-20.7176640288		66		258374.073472134		4027347.57336688

		6.5141421146		101		258399.394458977		4027354.75704309

		29.3314315059		266		258363.740018387		4027353.95394277

		49.6335132993		166		258405.007433623		4027307.84081417

		9.4184997579		167		258395.118701451		4027346.82289578

		-12.0308527585		236		258402.974028967		4027362.72756749

		118.0887920782		7		258407.391403554		4027473.20857613

		63.5881178823		68		258451.957876243		4027379.82052822

		-55.849909586		159		258372.985182419		4027408.14038241

		7.447738426		68		258399.905422822		4027358.78997192

		-47.962885219		296		258436.108755678		4027334.974455

		-49.9805992149		207		258415.690717215		4027400.53303998

		-28.1133907265		165		258385.723719058		4027383.15545017

		1.5413093024		263		258391.470179383		4027355.81216165

		-3.5979610402		117		258389.794193239		4027357.63344013

		-105.8583620761		24		258349.943525168		4027259.29357417





Sheet3

		Circle Plot

		Deg		X		Y

		1		0.8726203219		49.9923847578

		2		1.7449748351		49.969541351

		3		2.6167978121		49.9314767377

		4		3.4878236872		49.878202513

		5		4.3577871374		49.8097349046

		6		5.2264231634		49.7260947684

		7		6.0934671703		49.6273075821

		8		6.958655048		49.5134034371

		9		7.821723252		49.3844170298

		10		8.6824088833		49.2403876506

		11		9.5404497688		49.0813591724

		12		10.3955845409		48.9073800367

		13		11.2475527172		48.7185032393

		14		12.09609478		48.5147863138

		15		12.9409522551		48.2962913145

		16		13.7818677909		48.0630847969

		17		14.6185852361		47.8152377982

		18		15.4508497187		47.5528258148

		19		16.2784077229		47.27592878

		20		17.1010071663		46.9846310393

		21		17.9183974773		46.6790213249

		22		18.7303296708		46.3591927283

		23		19.5365564245		46.0252426726

		24		20.3368321538		45.6772728821

		25		21.130913087		45.3153893518

		26		21.9185573395		44.939702315

		27		22.699524987		44.5503262094

		28		23.4735781393		44.1473796429

		29		24.2404810123		43.730985357

		30		25		43.3012701892

		31		25.7519037455		42.8583650351

		32		26.4959632117		42.4024048078

		33		27.2319517508		41.9335283973

		34		27.9596451735		41.4518786278

		35		28.6788218176		40.9576022144

		36		29.3892626146		40.4508497187

		37		30.0907511576		39.9317755024

		38		30.7830737663		39.4005376803

		39		31.4660195525		38.8572980728

		40		32.1393804843		38.3022221559

		41		32.8029514495		37.7354790111

		42		33.4565303179		37.1572412739

		43		34.0999180031		36.567685081

		44		34.7329185229		35.9669900169

		45		35.3553390593		35.3553390593

		46		35.9669900169		34.7329185229

		47		36.567685081		34.0999180031

		48		37.1572412739		33.4565303179

		49		37.7354790111		32.8029514495

		50		38.3022221559		32.1393804843

		51		38.8572980728		31.4660195525

		52		39.4005376803		30.7830737663

		53		39.9317755024		30.0907511576

		54		40.4508497187		29.3892626146

		55		40.9576022144		28.6788218176

		56		41.4518786278		27.9596451735

		57		41.9335283973		27.2319517508

		58		42.4024048078		26.4959632117

		59		42.8583650351		25.7519037455

		60		43.3012701892		25

		61		43.730985357		24.2404810123

		62		44.1473796429		23.4735781393

		63		44.5503262094		22.699524987

		64		44.939702315		21.9185573395

		65		45.3153893518		21.130913087

		66		45.6772728821		20.3368321538

		67		46.0252426726		19.5365564245

		68		46.3591927283		18.7303296708

		69		46.6790213249		17.9183974773

		70		46.9846310393		17.1010071663

		71		47.27592878		16.2784077229

		72		47.5528258148		15.4508497187

		73		47.8152377982		14.6185852361

		74		48.0630847969		13.7818677909

		75		48.2962913145		12.9409522551

		76		48.5147863138		12.09609478

		77		48.7185032393		11.2475527172

		78		48.9073800367		10.3955845409

		79		49.0813591724		9.5404497688

		80		49.2403876506		8.6824088833

		81		49.3844170298		7.821723252

		82		49.5134034371		6.958655048

		83		49.6273075821		6.0934671703

		84		49.7260947684		5.2264231634

		85		49.8097349046		4.3577871374

		86		49.878202513		3.4878236872

		87		49.9314767377		2.6167978121

		88		49.969541351		1.7449748351

		89		49.9923847578		0.8726203219

		90		50		0

		91		49.9923847578		-0.8726203219

		92		49.969541351		-1.7449748351

		93		49.9314767377		-2.6167978121

		94		49.878202513		-3.4878236872

		95		49.8097349046		-4.3577871374

		96		49.7260947684		-5.2264231634

		97		49.6273075821		-6.0934671703

		98		49.5134034371		-6.958655048

		99		49.3844170298		-7.821723252

		100		49.2403876506		-8.6824088833

		101		49.0813591724		-9.5404497688

		102		48.9073800367		-10.3955845409

		103		48.7185032393		-11.2475527172

		104		48.5147863138		-12.09609478

		105		48.2962913145		-12.9409522551

		106		48.0630847969		-13.7818677909

		107		47.8152377982		-14.6185852361

		108		47.5528258148		-15.4508497187

		109		47.27592878		-16.2784077229

		110		46.9846310393		-17.1010071663

		111		46.6790213249		-17.9183974773

		112		46.3591927283		-18.7303296708

		113		46.0252426726		-19.5365564245

		114		45.6772728821		-20.3368321538

		115		45.3153893518		-21.130913087

		116		44.939702315		-21.9185573395

		117		44.5503262094		-22.699524987

		118		44.1473796429		-23.4735781393

		119		43.730985357		-24.2404810123

		120		43.3012701892		-25

		121		42.8583650351		-25.7519037455

		122		42.4024048078		-26.4959632117

		123		41.9335283973		-27.2319517508

		124		41.4518786278		-27.9596451735

		125		40.9576022144		-28.6788218176

		126		40.4508497187		-29.3892626146

		127		39.9317755024		-30.0907511576

		128		39.4005376803		-30.7830737663

		129		38.8572980728		-31.4660195525

		130		38.3022221559		-32.1393804843

		131		37.7354790111		-32.8029514495

		132		37.1572412739		-33.4565303179

		133		36.567685081		-34.0999180031

		134		35.9669900169		-34.7329185229

		135		35.3553390593		-35.3553390593

		136		34.7329185229		-35.9669900169

		137		34.0999180031		-36.567685081

		138		33.4565303179		-37.1572412739

		139		32.8029514495		-37.7354790111

		140		32.1393804843		-38.3022221559

		141		31.4660195525		-38.8572980728

		142		30.7830737663		-39.4005376803

		143		30.0907511576		-39.9317755024

		144		29.3892626146		-40.4508497187

		145		28.6788218176		-40.9576022144

		146		27.9596451735		-41.4518786278

		147		27.2319517508		-41.9335283973

		148		26.4959632117		-42.4024048078

		149		25.7519037455		-42.8583650351

		150		25		-43.3012701892

		151		24.2404810123		-43.730985357

		152		23.4735781393		-44.1473796429

		153		22.699524987		-44.5503262094

		154		21.9185573395		-44.939702315

		155		21.130913087		-45.3153893518

		156		20.3368321538		-45.6772728821

		157		19.5365564245		-46.0252426726

		158		18.7303296708		-46.3591927283

		159		17.9183974773		-46.6790213249

		160		17.1010071663		-46.9846310393

		161		16.2784077229		-47.27592878

		162		15.4508497187		-47.5528258148

		163		14.6185852361		-47.8152377982

		164		13.7818677909		-48.0630847969

		165		12.9409522551		-48.2962913145

		166		12.09609478		-48.5147863138

		167		11.2475527172		-48.7185032393

		168		10.3955845409		-48.9073800367

		169		9.5404497688		-49.0813591724

		170		8.6824088833		-49.2403876506

		171		7.821723252		-49.3844170298

		172		6.958655048		-49.5134034371

		173		6.0934671703		-49.6273075821

		174		5.2264231634		-49.7260947684

		175		4.3577871374		-49.8097349046

		176		3.4878236872		-49.878202513

		177		2.6167978121		-49.9314767377

		178		1.7449748351		-49.969541351

		179		0.8726203219		-49.9923847578

		180		0		-50

		181		-0.8726203219		-49.9923847578

		182		-1.7449748351		-49.969541351

		183		-2.6167978121		-49.9314767377

		184		-3.4878236872		-49.878202513

		185		-4.3577871374		-49.8097349046

		186		-5.2264231634		-49.7260947684

		187		-6.0934671703		-49.6273075821

		188		-6.958655048		-49.5134034371

		189		-7.821723252		-49.3844170298

		190		-8.6824088833		-49.2403876506

		191		-9.5404497688		-49.0813591724

		192		-10.3955845409		-48.9073800367

		193		-11.2475527172		-48.7185032393

		194		-12.09609478		-48.5147863138

		195		-12.9409522551		-48.2962913145

		196		-13.7818677908		-48.0630847969

		197		-14.6185852361		-47.8152377982

		198		-15.4508497187		-47.5528258148

		199		-16.2784077229		-47.27592878

		200		-17.1010071663		-46.9846310393

		201		-17.9183974773		-46.6790213249

		202		-18.7303296708		-46.3591927283

		203		-19.5365564245		-46.0252426726

		204		-20.3368321538		-45.6772728821

		205		-21.130913087		-45.3153893518

		206		-21.9185573395		-44.939702315

		207		-22.699524987		-44.5503262094

		208		-23.4735781393		-44.1473796429

		209		-24.2404810123		-43.730985357

		210		-25		-43.3012701892

		211		-25.7519037455		-42.8583650351

		212		-26.4959632117		-42.4024048078

		213		-27.2319517508		-41.9335283973

		214		-27.9596451735		-41.4518786278

		215		-28.6788218176		-40.9576022144

		216		-29.3892626146		-40.4508497187

		217		-30.0907511576		-39.9317755024

		218		-30.7830737663		-39.4005376803

		219		-31.4660195525		-38.8572980728

		220		-32.1393804843		-38.3022221559

		221		-32.8029514495		-37.7354790111

		222		-33.4565303179		-37.1572412739

		223		-34.0999180031		-36.567685081

		224		-34.7329185229		-35.9669900169
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