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Schematic ILC Side View 
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IP: Assume horizontal accelerator at IP 

Laser-straight BDS section,  

different lengths on both sides 
Curved, horizontal Main Linac 

Kink 

Laser-straight (flat) 

RTML turnaround 

(including Bunch Compressors?) 

Constant height above sea level 

Surface 

Introduction 



• The earth’s surface is curved 

• “Up” is a different direction everywhere on earth 

• A horizontal “straight” tunnel is curved in reality 

• GIS systems understand this 

• CAD systems do not understand this! 

The Problem: How to model a 30km long building 
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• Over a length of L= 50km, earth curvature corresponds to a sagitta  

 of L2/(8RE) = 49m  

 30km->18m; 10km->2m; 5km->0.5m 

 

 

• For accurate planning of shaft geometry 

(depth, length, slope) a definition is needed which parts of the machine (if any!) 

follow the earth’s curvature and which ones are laser-straight 

• My understanding: 
• Main Linac sections follow earth’s curvature 

• Central region (undulator section and BDS) are laser-straight (means that tunnel floor is slightly sloped 

in central region, and kink between ML and central region); 

main reason: helium lines should not be sloped 

• Damping rungs are flat (do not follow earth curvature) -> negligible effect 

• RTML turnaround sections (the “ears”) are laser straight (small effect).  

• At some point, we need to write a formal document that specifies 

this 

Size of curvature for ILC 
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L=50km 

49m 



• Use a orthogonal coordinate system pinned to one point of 

the earth 

• Upright buildings will be inclined 

• Horizontal tunnels will be curved 

• Height information is lost!!! 

• This does not work! 

The naïve approach: not a solution! 
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• Use coordinates that are locally orthogonal 

• One axis is height: always points “up” everywhere 

• The other axes are orthogonal 

The real solution 
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• Use coordinates that are locally orthogonal 

• One axis is height: always points “up” everywhere 

• The other axes are orthogonal 

• All buildings are “upright” 

• Horizontal tunnels are straight 

• But: laser-straight tunnels are curved!  

The real solution: A projection 
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GIS 

Hard: 

geodetic 

projection 

CAD 

Simple: 

only shift 

and rotate 

• CRS is a locally orthogonal system, into/from which 

coordinates from GIS and CAD systems can be 

transformed 

The role of the Coordinate Reference System 
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Geographic coordinates 

CRS Rectangular  

coordinates 



A Coordinate Reference System consists of 

• A geodetic datum: Parameter set of the 

earth’s shape, plus definition of a 

reference meridian 

• A projection: Relates 

longitude/latitude(+height) to x/y (+z) 

coordinates suitable for plotting on a map 

• A CRS defines a coordinate grid on the 

earth’s surface 

Coordinate Reference Systems 
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• Minimal scale distortions in the interesting 

region: Main Linac tunnels and a few km to 

the side 

• Projection should conserve angles (circles 

on surface are circles on the map, small 

rectangles stay rectangles) 

-> “conformal” projection 

• Solution: Use a Mercator projection 

(conformal), with a center line following 

roughly the Kitakami site strip 

• -> This is a “oblique” Mercator projection 

Requirements for ILC CRS 
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• Datum:  

Japanese geodetic Datum 2000 (JGD2000) 

as used for Japanese topographic maps 

• Vertical Datum: GSIGEO2011 

• Center point and middle line:  

λC=141.39°, φC=39.03°, α0=-20.2°  

-> close to planned IP, but not exactly  

-> does not divulge IP location 

• Center Point gets offset values 

x0=5000m, y0=50000m 

so all coordinate values are positive 

Formal Definition 
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EDMS: D*1084525 



ILC CRS Overview 
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Center line: 

along this line, 

there are no distortions 

from the projection 



• ILC CRS allows to bring together 
• Geographic data: Elevation models, Aerial images, Map data 

• CAD data: Buildings, tunnels, shafts 

• Combination of data can be done 
• In Geographic Information System: GIS  

• In CAD system 

 

Application 
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Using a CRS in a GIS system 

15.10.2014 B. List, ILC Coordinate Reference System 14 



Using a CRS in a GIS system 
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Using a CRS in a GIS system 
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Using a CRS in a GIS system 
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Showing the Accelerator in a GIS System 
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Lattice components  

directly imported  

from component lists! 



Example for CAD  
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Data based on ILC CRS in EDMS 
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Available: Elevation model (1m spacial resolution, 35cm height accuracy)  

+ aerial view (35cm pixels) 

Formats: 3D model as JT and VRML, aerial view as JPG 

29 Tiles of size 2 x 2.8km, mapped to ILC CRS 

Confidentiality: in ILC_CFS_Internal project 
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Combining CAD Data: Reference Points 
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D00000000982315 



Combining CAD Data: List of models 
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• Complete CAD model (buildings, lattices, detectors, surface) is assembled  

from JT files in a visview session (not in CAD system) 

• -> result in EDMS: D00000001420943 

• Method well established for XFEL project,  

• independent from CAD native file format 

• Requires agreed segmentation of 3D models, with local coordinate systems 



Segmentation: Example for Cryo Hall 
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Define origin of local  

Coordinate System 

Define boundaries of  

Model segments 



• Definition of an ILC CRS brings together geospacial data 

and CAD models, for use in GIS and CAD systems 

• Enables modeling of the entire facility  

• Applications:  
• Interface verification 

• Interactive reviews (also in Virtual Reality rooms) 

• Vision sharing 

• Public relations 

• Design integration requires common CAD model 

conventions for coordinate systems, segmentation 

• Experience from XFEL: Establish standards and 

conventions early, before the real work starts: Now 

 

Summary 
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