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1 Introduction

~24 kilometers

Construction site: Hefei Future Science City 

(Gangji Town, Changfeng County)



1 Introduction

Hefei Advanced Light Facility (HALF) is a fourth -generation  

diffraction - limited synchrotron light facility.

circumference of the storage ring
~ 480 m

Transport line 
138.4 m

Injector 
2.2 GeV  192 m



1 Introduction

Achieve design 

indexes after 

acceptance

Parameter Design index Acceptance index

Energy [GeV] 2.2 2.2

Perimeter [m] 479.86 ---

Beam Intensity [mA] 350 175

Beam Natural Emittance 

[pm·rad]

85.8 Ò100е10mA

Beam Intensityж

Horizontal Balance Emittance 

[pm·rad]

Ò200е175mA

Beam Intensityж

Beam Orbit Stability <10%Transverse Beam 

Spot Size

<20%Transverse Beam 

Spot Size

Straight Sections 5.3 m×20 +2.2 m×20 ---

Operating Mode

top-off

Constant current 

operation

---

Brightness 

[phs/s/mm2/mrad2/0.1%bw]
1.15× 1021 5× 1020



1 Introduction

Light facility 
device

Pre-alignment 
accuracy within the 

xqlw2Ơp

Pre-alignment 
accuracy between 

xqlwv2Ơp

ANL -APSU 30 100

BNL-NSLSII 30 100

ESRF-EBS 50 50

SPring-8- 30 90

LNLS-Sirius 40 80

IHEP-HEPS 30 50

NSRL-HALF 30 50

Requirements for alignment accuracy are at the highest level at home and abroad

Challenges σ

Higher precision 

Large workload 

Shortage of staff

Complex interfaces

Requirements of accelerator physical design for storage ring 

alignment

Machine
Position accuracy 

(mm)
Attitude accuracy 

(mrad )
Ź[ Ź\ Ź] ŹƜx ŹƜy ŹƜz

Inside 
the 

girder

Quadrupole 

Sextupole

Octupole 

± 0.03 ± 0.03 ± 0.15 ± 0.10 ± 0.10 ± 0.10

Corrector

dipole 
± 0.30 ± 0.30 ± 0.20 ± 0.20 ± 0.20 ± 0.20

Bending 

dipole 
± 0.20 ± 0.20 ± 0.15 ± 0.10 ± 0.20 ± 0.20

Between 
adjacent 
girders

Magnet 

alignment

girder

± 0.05 ± 0.05 ± 0.20 ± 0.10 ± 0.10 ± 0.10

Other 

machine
± 0.20 ± 0.20 ± 0.30 ± 0.20 ± 0.20 ± 0.20
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2 Steps of HALF Alignment 

The alignment of HALF is a complicated work which consists of five steps as above .
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3 Design of 1 st Class Control Network

Layout

Top 
Structure 
Design

Measurement Roadmap

Structure Diagram 
(bedrock pile)



3  1 st Class Control Network Measurements

Shaft Plumbing

Total Station

GNSS

Leveling



Common data processing software: leveling (CosaLEVEL), Qinghua Shanwei, etc. GNSS measurements oftenuse 

CosaGPS, Leica LGO, etc.; Total station measurements commonly used by CosaCODAPS, QinghuaShanwei, etc. In 

addition, StarNet and SA are also commonly used for 3D joint processing.

Estimation of measurement 

accuracy based on total station

Estimation of measurement 

accuracy based on GNSS

3 1st Class Control Network Simulation Calculation

cross-checking

The progress of civil engineering is faster than expected, and many intervisibilities have been 
disrupted. It is necessary to adjust the measurement plan based on the actual visibility situation 



Outline

Construction of the 1st Class

Control Network

1  Introduction

2  Steps of HALF Alignment 

3

4

Deformation Monitoring

8  Conclusions

Pre-alignment of Components5

7

On-site Components Installation 

and Smoothing
6

Construction of the 2 nd Class

Control Network



4  2 nd Class Control Network General Layout

Secondary control dot space three-dimensional layout

Principle: three dimensional - uniform ïvisibility

Classification: ground - Wall - Top

Storage Ring



4  Structural Design Drawings for 2 nd Class 
Outlets

Ground

Ground target base forµ -base 

Wall

Wall target base for µ -base

Wall support 
for µ -base

Top



4  Layout Simulation Analysis - Taking LINAC as 
an Example

Linear control network simulation features: 
Lack of closure Heavy accumulation of 

measurement errorsBetter visibility than ring

Frqfoxvlrqv fdq eh wudqvihuuhgɚ

Enchen Wu enchenwu@mail.ustc.edu.cn

mailto:enchenwu@mail.ustc.edu.cn


ü Preliminary plan for control network configuration: 

V section spacing is 5 meters

V includes a top point, two wall points, and two ground points

V the top point is directly fixed on the roof

V the top point is located directly above the ground point LGA

Top point of 

a section

Number 

Height 

Position

1 2
1

54

7 8

3

6

9

Group Groupcondition Evaluate indicator

Number
Height

from roof

Ground

projection

Mean

deviation/mm
Rank

Mean

uncertainty/mm
Rank

1 0m LGA 0.162 1 0.327 1

2 0m LGB 0.253 7 0.358 9

3 0m 0.5(LGA+LGB) 0.228 2 0.341 4

4 0.25m LGA 0.246 5 0.339 3

5 0.25m LGB 0.236 4 0.352 8

6 0.25m 0.5(LGA+LGB) 0.228 2 0.346 6

7 0.5m LGA 0.339 9 0.343 5

8 0.5m LGB 0.303 8 0.329 2

9 0.5m 0.5(LGA+LGB) 0.252 6 0.347 7

Enchen Wu 

enchenwu@mail.ustc.edu.cn

LGA LGB

mailto:enchenwu@mail.ustc.edu.cn


4  Analysis of Other Influencing Factors on 
Control Network Layout

Based on the preliminary simulation 

plan above, we continue to explore the 

influence of other factors such as 

observation distance, observation 

density, and station straightnessé

Provide guidance for efficient and accurate completion of the measurement work of 

the Hefei Advanced Light Facility linear accelerator control network.



4  Data Analysis of Instrument Observation 
Length Factor

Prefer 30 meters as maximum measurement

0.949

0.328
0.208 0.167

Enchen Wu enchenwu@mail.ustc.edu.cn

mailto:enchenwu@mail.ustc.edu.cn


4  Data Analysis of Instrumental Observation 
Density Factors

(c)

0.270

0.208 0.187

Efficiency: One laser tracker is deployed between adjacent sections
Accuracy: Two laser trackers are deployed between adjacent sections

Enchen Wu 

enchenwu@mail.ustc.edu.cn

mailto:enchenwu@mail.ustc.edu.cn


4  2 nd Class Control Network Measurement and 
Accuracy Estimation

Measurementstrategy:

ü Setup ameasuringstation

everysectionalongthe

tunnel

ü Measure6 sectionsbefore

andaftereachstation

ü Ensurethatthenumberof

controlpointsateachstation

is 60, themeasurementrangeis

45meters,andthereareabout

50commonpointsbetween

two adjacentstations.

Tunnel control network measurement accuracy target:
Absolute plane/elevation point accuracy is ± 0.8mm, ± 0.6mm respectively

Relative plane/elevation point accuracy is ± 0.033mm, ± 0.030mm respectively



4  Experimental Hall Connection Measurement 
and Accuracy Estimation

Experimental hall control network measurement accuracy target:
Absolute plane/elevation point accuracy is ± 1mm, ± 0.8mm respectively

Relative plane/elevation point accuracy is ± 0.08mm, ± 0.06mm respectively

Diagram of the viewing hole and the connection between the 

experimental hall and the storage ring control network

center height 1.8 meters

size 400*400mm

Measurementstrategy:

A stationis setup in each

sectionof thecontrol

networkalongthe

circumferenceof thehall,

andeachstationmeasures

threesectionsof the control

networkbeforeandafter,

until thestationis closed

along the beginningandend

of thehall loop.

Radial sight hole method

tangential sight hole method

Serrated wall 
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5 Pre-alignment of Components

Å Pre-alignment of magnet units using multiple laser trackers

within the unit 30ɛmψ

mn Ó 3(m+n)

m = 4

n Ó 12

Distance(IFM):0.5 ɛm /m     Angle:15ɛm+6 ɛm /m

sight axis

~10m

uncertainty cloud
d iodw ɒsdqfdnhɓ vkdsh

Uncertainty :

in distance <in angle
Ting Ding dingting6@mail.ustc.edu.cn

mailto:dingting6@mail.ustc.edu.cn


5 Mathematical Model of Pre -alignment

ὃὖὃ‏ὢὃὖὰ 
Ὃὖ‏ὢ π 

ὠὖὠ ÍÉÎ

matrixG shouldsatisfy:

ὶὯὋ ὶὯὋὖ Ὠ
ὃὋ π
ὋὖὋ Ὅ

ὢ‏ ὔ ὖὋὋὖ ὃὖὰ

ὗ ὔ ὖὋὋὖ ὔὔ ὖὋὋὖ

ὢ ὢ ὢ‏

Å all based on distance information: ( ) ( ) ( )
2 2 2

+ = - + - + -
ij ij i j i j i j

v L X x Y y Z z

rank-defect free network adjustment χ

coffcient matrix A rank defect

Å normal equation  

Å Solving equations

Three-dimensional coordinates of the target point



5 Layout Optimization of Four Laser Tracker Pre -
alignment System

V
PDOP

1
~

Best layout: 
right-angled regular triangular pyramid transversal accuracy reaches 7.5Ƥm

top angleɴ [88° 94°]
The height of the vertex depends on the siteЮ

R

Base triangle angle change Top vertex height variation

PDOP 1.59

The Layout Optimization of the Four Laser Tracker Pre -alignment 
System for the Hefei Advanced Light Facility

Ting Ding dingting6@mail.ustc.edu.cn

V: volume of the tetrahedron

mailto:dingting6@mail.ustc.edu.cn


5 Pre -alignment experimental site

Four laser tacker system site -related picture :
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6 On -site Components Installation

ÅComponent Installation Outline Diagram

É Comparison of transformation 

models composed of different 

rotation matrices

É Optimization of the layout of 

common points

É Optimization model for 

common point weights

Unification of different benchmarks:



6 Corresponding studies of installation models

Optimization of the layout of common 
points: Select common points based on 

uniformity Compensate for the loss of 

accuracy caused by clustering of common points

Research on the restoration of the on -site installation coordinate system

Optimization model for common point weights:       

Integration of Genetic Algorithms

Tolerance  Automatic adaptive weighting

Robust 3D Coordinate Transformation Based 
on Genetic Algorithm Intelligent Weighting

Ting Ding dingting6@mail.ustc.edu.cn Qiuyu Zhang qyuz@mail.ustc.edu.cn
A common points selection method based 
on the uniformity of FLTMMS for pre -
alignment of particle accelerators 

mailto:dingting6@mail.ustc.edu.cn
mailto:qyuz@mail.ustc.edu.cn


6 On -site Components Installation and Smoothing

Å The method of maximum field of view intensive measurement

Å Site installation should be carried out 6 months after construction
completion, during which time the secondary control network
would be retested periodically

Å In the process of transportation, the accuracy loss of pre -alignment
should be evaluated

Å Restore the precision control measure of mounting coordinate
system based on secondary control network

Here are some things to look out for:



6 Research progress on smoothing

Iteration curve fitting 

of every subsection 

Based on the Hefei Light Facility 

storage ring data, orbit smoothing 

based on the moving least squares 

method is carried out

Smooth adjustment can reduce the adjustment workload by at least 1/3.

Qiuyu Zhang qyuz@mail.ustc.edu.cn

mailto:qyuz@mail.ustc.edu.cn


6 Research progress on smoothing

Based on a physical design of a version of the Hefei Advanced Light Facility, 

a smoothing method for the storage ring orbit was studied.

Smoothingadjustmentbasedonparzenwindow function:jNonparametricmethod

kAdaptsto any probability distributionlSimple calculationmNo prior assumptionson

thedataarerequired



6 Research progress on smoothing

The purpose of "optimizing the adjustment workload while ensuring 
physical requirements" is to determine the smoothing method

Parzen window function orbit curve fitting can more effectively optimize the orbit beam 

quality, especially the ɓ oscillation in the Y direction is significantly reduced.

Simulate different smoothing schemes:


