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Review
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Alignment control network design

Component fiducialization and pre-alignment design
Tunnel installation alignment design

Component smooth alignment design

Position monitoring system design
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An overall component installation scheme was made based on 8 years
construction period. Include work contents, manpower plan and installation
progress schedule.

Vision instrument development to improve measurement efficiency. Four
times photogrammetry experiments were carried out, million capacity coded
target and five-face target were tested. The body of vision instrument
manufacture was completed, system integration and software development is
ongoing.

Today’s report is about alignment data processing.



Geodetic problem of CEPC alignment

e CEPC structure

Linac: 1.2km
> Collider ring circumference:100km BT: 1.6km
Circumference of

> Ring diameter : 32km ring tunnel :100km

> Large dimension brings new challenges Collider: 100km
Booster: 100km
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Geodetic problem of CEPC alignment

e Measurement reference datum: weight direction and geoid

e Traditional alignment measurement

> Accelerator dimensions: Tens of meters to several kilometers

> Suppose the geoid is a plane or a sphere and weight direction
is parallel with the normal.

» Earth curvature has little effect in the horizontal direction but
significant effect in the elevation direction.

> Horizontal observations can be solved based on a
plane and elevation observations can be solved Plane 4 c

based on a sphere. B Geoid § ;4
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Geodetic problem of CEPC alignment

e Actual shape

Topography Normal

> Geold and topography are
Irregular

> \ertical change with the

gravimetric equipotential
surface

CEPC measurement :Reference datum can not simply rely on
standard geometry alone.

Requirements for spatial position calculation

1. datums Topography
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e

2. Coordinate systems Geoid
Ellipsoid

3. Data processing method




CEPC geodetic datum



CEPC geodetic datum

1.

Reference Ellipsoid

Reference ellipsoid is the mathematical

representation of the earth. a

Is the base to establish geodetic
coordinate system, quasi-geoid model
and vertical deflection model.

Define reference ellipsoid includes: Determine ellipsoid
parameters(Semi-major Axis, Flattening), ellipsoid location
and ellipsoid directional

Ellipsoid location:

Carry out Astro-Geodetic measurement on the surface control network
points.

Multipoint location method (vertical deflection formula, General
Laplace Equation ) calculate the ellipsoid center position.



CEPC geodetic datum

Make the ellipsoid best-fit with the local geoid in the CEPC area.

N?=min N is the Height Anomaly
Ellipsoid directional

Facilitate the conversion between geodetic coordinates and

astronomical coordinates: Semi-minor Axis parallel with the

Earth's rotation axis, geodetic prime meridian plane parallel with
the prime astronomical meridian plane.
Quasi-Geoid Ellipsoid

Mathematic model, its shape is very close to
the Geoid.

Height datum for level measurement. \ Z




CEPC geodetic datum

> Function: Provide the global height
datum, converse the level
observations to the height coordinates

In the CEPC coordinate system.

> Observation values:

Satellite Gravity % @ @

Ground Gravity

Topographic Data,

Precise GPS data
Precise Leveling data | mxomEunxwken
» Calculation methods: PO
( R
Geometric method Ld Rm&{ﬁma B E— R
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Combined method a
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CEPC geodetic datum

> Get the Quasi-Geoid model in the CEPC
geodetic coordinate system. It is a
spherical cap harmonic function, use it
can calculate the height anomaly of any

point in the CEPC area.

3. Vertical deflection model

> For a point: its normal and vertical is not
parallel, the angle between them is named
vertical deflection.

> Function: Provide a global datum to realize
the height axis of the instrument coordinate
system directional in the CEPC coordinate
system.
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Quasi-Geoid
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CEPC geodetic datum

> Establish methods: Z ] R
Astro-Geodetic measurement z - d 7
Gravity measurement ’ y [ B
Astro-Gravity measurement M__ ik 72\ _ Pk
EGM2008 model calculation qu
. W 0

GNSS measurement

» Grid mathematic model, through interpolation can get the
deflection components in the meridian circle and the prime
vertical of any point.

> Function relatlonshlp: Vertical Deflection component:
E=¢p—B s
Geodetic Coordinate:
B—Ilatitude; L--longitude

77 — (/1 — L) COS 99 Astronomical Coordinate:

¢—latitude; A--longitude -,



CEPC coordinate system



CEPC coordinate system

1. CEPC Geodetic Coordinate System

> Origin :ellipsoid center, Z points to the
north pole, X points to the intersection
point of the prime meridian and the
equator.

2.  CEPC Coordinate System

> Origin in the center of the main ring, XY plane
parallel with the best-fit plane of the intersection
points of the quasi-geoid and the ellipsoid normal
at the surface control network points. The purpose
IS to make the XY plane normal as consistent as
possible with the vertical in the CEPC area. Z
perpendicular to XY plane, points to the up. Y
points to the north.

CEPC coordinate system
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CEPC coordinate system

» Establish method

@

@

®

The civil construction company shall build some civil reference points
in the construction area and establish a civil coordinate system.

In the civil coordinate system design the positions of the ring center and
the surface network control points and build them.

Carry out GNSS and level measurement, get the surface network control
points’ coordinates in CGCS2000 coordinate system and level heights.

Do coordinate system transformation: best-fit the control points’
coordinates to their corresponding level height values. After this, the
height direction of the transformed coordinate system is what we need.

In the transformed coordinate system establish CEPC coordinate system:
origin is the ring center, Z is the height direction, Y points to the north.

> Calculate the transformation parameters from CEPC geoid
coordinate system to the CEPC coordinate system :AX AY AZ
Rx Ry Rz.



CEPC coordinate system

Station coordinate system E _
vertical

Is an instrument coordinate system, be used
to carry out measurement.

Origin in the center of the instrument, Z is
parallel with the vertical.
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Data processing method



Data processing method

Calculate approximate coordinates

Use the surface network control points’ coordinates as the
known data, according to the observation values of each
station, can calculate the approximate coordinates of all the
control points in CEPC coordinate system.

Calculate the vertical direction in
CEPC coordinate system

Vertical deflection model can give the
deflection components of a point in the
CEPC geodetic coordinate system.

CEPC Geodetic 2
approximate coordinates (CEPC / AN
coordinate system) approximate e
L and B in CEPC geodetic coordinate -
system. “{“‘\,—i/




Data processing method

> According to formula ey JA T LFISECO
¢ =b5+¢

calculate astronomical
coordinate 4 @

> The unite vector S (45 e Z)
parallel with the vertical in
this point in CEPC geodetic
coordinate system:

A, =cos@-cosA

s

V.. =cos@ - -sin A

o5

Z . =s8ing@

nE

» Unite vector in CEPC
S(X Y Z)

coordlna_te s;_/stem R M: rotation transformation
Xes A s matrix, from CEPC geodetic
Vo|=M- |7V, coordinate system to CEPC
Z. Z,, coordinate system .




Data processing method

> o the angle between the vertical and the z. ~ ©EPC cogrdinate system
.. Vertical vector
[ the angle between projective vector and the /
X. Zes| L
Vs on
O = arccos (‘255) — arccos i

\/i” e

Yo\ «

3. Calculate the height coordinates of the control points in CEPC
coordinate system.

> Level measurement can get the distance h between the control
point and the Quasi-Geoid

» Calculate the projective point of control point on the Quasi-
Geoid

Control point: | %,; ¥,5 Z,| , Level height : h

Projective point: |#; = % + A -sina-cos /5
|_}f: =¥y +4&-sina-sin S 20



Data processing method

According to the Quasi-Geoid model, use x2,y2, can
calculate the projective point’s height coordinate z2 in CEPC
coordinate system.

The accurate height coordinate Z1 of the control point in
CEPC coordinate system: z, = /4 -cosa + z,

Observation values adjust calculation

To get the control points’ coordinates in CEPC coordinate
system need to do adjust calculation use the observation
values.

Traditional adjust calculation of accelerator , the height
observations and the horizontal observations are calculated
separately.

According to this way, we need to divide the original
observations into the height observations and the horizontal
observations in CEPC coordinate system.



Data processing method

> Directions of the coordinate axis in station

coordinate system and CEPC coordinate | CEPC
system are not same. Need to calculate the Sf?t'on Z plane
rotation matrix R to get the height 1’\‘*\/*//

observations and the horizontal
observations in CEPC coordinate system

> R can be calculated by best-fit the coordinates of control points in
station coordinate system to the corresponding height coordinates
in CEPC coordinate system.

D, (-Yzj Y Ezj) . coordinate of a control point in station coordinate system

D_. (‘Yﬂ. V. .z'ﬂ.) :the corresponding coordinate in CEPC coordinate system

X

X . .
g1 zi

s ol= Rl s.t. Z(AZSJ. — AZCJ.)Z = min

< g1 -

z . z . Constraint condition
1 =1

LA - - least square method




Data processing method

S.

3D directional adjust

Z

Oi
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Y,
—Z
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M- Y,
Z,

Oi

..............

Xi

Yi
Zi

Z-O
—|V. —arctg e

Y°
H, —arctg (X_.OJ

Si —\/XiOZ-I-YiOZ-I-ZiOZ

V=Bx—| =2 V'PV=min =3 x=(B'PB) B'PI

> The key point is to determine the rotation

angel parameters.

Suppose the angles between the vertical at

the station and the axis of CEPC coordinate

system are ¢¢ £ ,as what mentioned before

="/

- 1

? - 1
“cs /':
1

Vertical vector
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Data processing method

> The rotation transformation process from CEPC coordinate
system to the station coordinate system are: rotate about
CEPC zaxisby g &7, rotate about y axis by c /7, rotate

about z axis by ¥ g7 24

X . X .
=1 1
_ ¥y pa ppf
*Vzi o RER}-’ ﬁz *Vc?i
Z . z .
L =1 _ L o1 _

> 7 Is the unknown parameter can be solved by 3D adjust
calculation.

» For o« and 5 are known data, 3D directional adjust can avoid
the result distortion.
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Summary

CEPC measurement range is very large, the undulation of geoid
and vertical need to be considered in doing the data processing.

Three mathematical models: ellipsoid, Quasi-Geoid, vertical
deflection will be used as datum in measurement and data
processing.

The transformation between local observations and global
observations will be realized reference to three coordinate systems.

A data processing method based on Quasi-Geoid model and
vertical deflection model is proposed.
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