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Data processing error accumulation of accelerator alignment control network

WANG Xiaolong'** KANG Ling'? DONG Lan'? LIBo" MEN Lingling"? LUO Tao'?
WANG Tong'? LIANG Jing"” HE Zhengiang'? KE Zhiyong'? MANa'? LU Shang'
HAN Yuanying' YAN Luping' ZHANG Luyan' LIU Xiaoyang' YAN Haoyue'

LI Chunhua' WU Lei' SHEN Jianxin' ZHANG Xiaohui'
\(Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China)
2(Spallation Neutron Source Science Center, Dongguan 523808, China)

3(University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract  [Background] Compared with 2D+1D adjustment, three dimensional adjustment has a more rigorous
theoretical basis. However, when the unconstrained three dimensional adjustment is applied to the observation values
processing of the accelerator alignment control network, serious error accumulation will occur and resulting in
obvious distortion of the results. [Purpose] This study aims to expound the ways and characteristics of three
dimensional adjustment error accumulation for accelerator alignment control network. [Methods] Firstly, based on
the layout of accelerator alignment control network and the moving station measurement method of laser tracker, the
three dimensional adjustment mathematical model was analyzed, and the least-squares collocation theory was used to

clearly explain the error propagation. Secondly, the characters of laser tracker measurement accuracy, station
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positioning and orientation accuracy and single station measurement error propagation were studied by analyzing the

laser tracker 3D coordinate measurement model, measurement point error model and simulation measurement

experiments. Finally, adjustment calculation of the linac control network was verified by simulation measurement,

and two error accumulation suppression methods were tested. [Results] The source and propagation mode of error

accumulation are explained theoretically, and verified by simulation calculation, so are the serious error accumulation

of elevation and lateral errors in three dimensional adjustment of control network in accelerator. [Conclusions]

Providing high-precision point coordinate constraint for three dimensional adjustment can effectively suppress error

accumulation, and providing high-precision orientation constraint for station coordinate system can also achieve the

effect of suppressing error accumulation.
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Fig.1 Control network layout (a) and measurement setting (b)
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Table 1 The influence of laser tracker distance and angle measurement errors on measuring point accuracy
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Fig.7 Location (a) and orientation (b) constrained three dimensional adjustment

WV Rk, I ELHRAS 1 Mt i B 240 TRT 22 A A ) A4
PRAGE o

4 5B

FE T T 25 Bk A BB TE I B A 45 v, P BR R e o
FEAEIN B W AT R A R =GP 2 o A ™
iR 22 AR R o 1R 22 AR AR IE 2 ERER X 1114
MR ZE , R ZE RPUERRRE R N AL SR ZE T
Wk A DR RS HORZE , TNk AL bR 2R 2 3R 72 B
& AR ZE . IREME TR IRF R 2 RRE IR ZE > AR
ZESYNAN R 72 , 1K 8 R B OUAS B F) A B il A AR
3 B UL I RS BEAR AT A OIS, BE B PR
JURIHAIE A — RBIA R SR . FEERER ORI &
I AR AR R B R T R R AL TR — > S
18 AEER T 2wl I i, il ) B AR R T
HH B SR ARSCR, B A b R B R E 2 R
T 5% 00 XD 00 2R 2, DT 3 S it o 0 3k £
2, 0l R ZEANWIAR K, =41 7 5 R A i
Ho SR WY Oy = 4ET ZE 3R Ot R RS B A R L AR AR
29 0R] DA R iR 2= BB, it AL bR R SRt
A5 JBE 1) 48 25 20 AR [ R T UBAS 1 R 22 R AR 2%
o ARICWFTURR AT =41 22 00 % BRI 7T
SRR BRI 24 25

RPN

1 ZIR. SRRSO IRPID B R [R]. b st
Rl B e B BT FE B, 2015,
QIN Qing. High energy photon source preliminary design
report[R]. Beijing: Institute of High Energy Physics,
Chinese Academy of Sciences, 2015.

2 RUME, LR, R, L REXIHLE BB TR0 E
— 2 T IR AUL N 0], R %2, 2020, 48(10):
47 - 52.

7

090201-8

WU Dijun, JIANG Zhigiang, XIONG Wei, et al.
Simulation survey of the first level horizontal control
network of Shanghai high repetition rate XFEL and
extreme light facility[J]. Geotechnical Investigation &
Surveying, 2020, 48(10): 47 - 52.

LW, EIUK, K, 55 b [ e e R P R A e & S
e B TR B E A (B 15 R,
2014, 44(10): 1075 - 1094. DOI: 10.1360/SSPMA2014-
00158.

JIANG Xiaoming, WANG lJiuging, QIN Qing, et al.
Chinese high energy photon source and the test facility[J].
Scientia Sinica (Physica, Mechanica & Astronomica),
2014, 44(10): 1075 - 1094. DOI: 10.1360/SSPMA2014-
00158.

T . 3 i i v e R P E B BRI A [D]. Ab 5t
AR, 2018,

YU Cheng. Research on the high precision fiducialization
of the magnetic center of an undulator[D]. Beijing:
University of Chinese Academy of Sciences, 2018.
e, £, FEMS, & . A MEGIRTH ks v B )
7R M SEHE[T]. A, 2013, 36(10): 100102. DOI:
10.11889/j.0253-3219.2013.hjs.36.100102.

HE Xiaoye, WANG Wei, WANG Peng, et al. Alignment
control network scheme design and measurement of HLS
upgrade[J]. Nuclear Techniques, 2013, 36(10): 100102.
DOI: 10.11889/j.0253-3219.2013.hjs.36.100102.

W55, I HR5E, # ], % . BEPCIIf# /£ PR E B & 5 Ar
%2 9 M [J]. % R, 2015, 38(1): 010101. DOL: 10.
11889/j.0253-3219.2015.hjs.38.010101.

KE Zhiyong, HE Zhenqiang, DONG Lan, et al. Analysis
on alignment position error of BEPC II storage ring[J].
Nuclear Techniques, 2015, 38(1): 010101. DOI: 10.11889/
j.0253-3219.2015.hjs.38.010101.

THU, BN, Be, A5 b E AOR b U B



TN T A o L ) 4 K b B R 2 AR T

10

11

12

o 00 B e K REWE S (0], I 223 4, 2016, (1): 104 - 107.
DOI: 10.13474/j.cnki.11-2246.2016.0026.

MA Na, DONG Lan, LIANG Jing, et al. Measurement
and research of control network's accuracy of CSNS
linear accelerator[J]. Bulletin of Surveying and Mapping,
2016, (1): 104 - 107. DOI: 10.13474/j.cnki. 11-2246.2016.
0026.

WSS . =M IR R (0], BN BERE, 1981, (Z1):
31-44. DOI: 10.14188/j.2095-6045.1981.z1.005.

BO Zhipeng. Introduction to three-dimensional geodesy
[J]. Journal of Geomatics, 1981, (Z1): 31 -44. DOI: 10.
14188/1.2095-6045.1981.21.005.

IR %, R, M W, S5 v Bk AU R R = A
W5 R FoP- 22 53 0], M 22 B2 R 224k, 2012, 29(1):
20 - 23. DOI: 10.3969/j.issn.1673-6338.2012.01.006.

HE Yongjun, LIU Chenglong, YANG Xuefeng, et al.
Three-dimensional network measurement and adjustment
method for high-speed railway track reference network[J].
Journal of Geomatics Science and Technology, 2012, 29
(1): 20 - 23. DOI: 10.3969/j.issn.1673-6338.2012.01.006.
FRANEN, 2345, OO, 5 . WOGERERX =4k 387 N
TR 25 o) DO 300 o (¥ R FH [C. 3 N i 4 EDRL T I o 2
HE B 22 MU A R BT 25, BB, 2019.

GUO Yinggang, LI Zongchun, ZHAO Wenbin, et al.
Application of laser tracker three-dimensional traverse in
measurement of accelerator control network[C]. The 6th
National Symposium on Alignment Installation and
Mechanical Design of Particle Accelerators, Kunming,
2019.

277, ABHESE, £, & KL T E AOINE A = YR
KB 72 (7). HOBE 25 [A) 45 B, 2018, 16(2): 87-89+110+12.
DOI: 10.3969/j.issn.1672-4623.2018.02.029.

LI Fang, ZOU Jingui, WANG Tong, et a/. Study on linac
precise three dimensional control network[J]. Geospatial
Information, 2018, 16(2): 87-89+110+12. DOI: 10.3969/;.
issn.1672-4623.2018.02.029.

AL . AT 22 B8 S LRI M. b st W78 R
#t, 1992.

13

14

15

16

17

18

090201-9

HUANG Weibin. Modern adjustment theory and its
application[M]. Beijing: Publishing House of PLA, 1992.
AT . SCME S 2 (M. s K% AL,
2009.

CUI Xizhang. General surveying alignment|
Wuhan University Press, 2009.

W L. e BE KL I s TR R % I AT 5
TEAR B TR RS, 2011,

YANG Fan. Research on precise survey of high energy
PLA

M]. Wuhan:

FL[D]. AN fi#

particle accelerator project[D]. Zhengzhou:

Information Engineering University, 2011.

PR . O R R A RS 2 %8 P B BORIF FE [D]. B :

il SR M B LR R, 2018.
YANG Zhen. Study of high-precision positon & pose
measurement technique based on laser tracker[D].

Zhengzhou: PLA Strategic Support Force Information
Engineering University, 2018.

e, # R, PV, 55 . BEPCILIEAF IO G IR ER OG0k
BE GE T B A 0 AR 22 1 A aE [J]. 42 RL 2, 2013, 38(6):
182 - 184. DOI: 10.16251/j.cnki.1009-2307.2013.06.026.
LIANG Jing, DONG Lan, LUO Tao, et al. Precision
statistics of laser tracker in BEPCII storage ring and
calculation of mean square error of unit weight[J].
Science of Surveying and Mapping, 2013, 38(6): 182 -
184. DOI: 10.16251/j.cnki.1009-2307.2013.06.026.

YU % . WO R ER A R RS FBE AR B U B BORBIE 5 55 S
[D]. HEH: AR B TARE R, 2013.

FAN Baixing. Research and realization of the high
precision coordinate measurement technique using laser
tracker[D].
University, 2013.

S T AEAUNE AL BT B TR A DR 0 2 sk
B[I]. Mz 5= E(E 1, 2014, 37(4): 186-189.
WEN Xue. The practice of method of the engineering

Zhengzhou: PLA Information Engineering

control network based on the simulation optimization
design[J]. Geomatics & Spatial Information Technology,
2014, 37(4): 186—-189.



