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Surface network survey scheme and data processing at
High Energy Photon Source

Yan Haoyue', Dong Lan'?, Wang Tong'?, MaNa'?, LiangJing'?, Wang Xiaolong'?,
Men Lingling'?,  Liu Xiaoyang',  Lu Shang', Han Yuanying',  Yan Luping',
Zhang Luyan', LiBo'?, Ke Zhiyong'?, He Zhenqgiang'?
(1. Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China;
2. Spallation Neutron Source Science Center, Dongguan 523803, China)

Abstract: With the increasing demand on higher precision control of beams in modern particle accelerators,
higher requirements are raised for the design and survey of engineering control network. In this paper, the layout and
survey scheme of the first-level surface control network for the engineering survey of High Energy Photon Source
(HEPS) are introduced in detail. The permanent points of the surface control network are arranged in the tunnel of the
particle accelerator building, and the vertical view hole is aligned with the instrument plumb on the top surface of the
online station hall, and the observation condition of plane mutual view is formed, the transmission and contact of plane
coordinates are realized. In the elevation direction, the communication between the leveling station and the elevation
coordinates is realized by means of horizontal viewing holes and doors and windows. Therefore, the three-dimensional
view and observation structure is formed, which is unique in the construction of synchrotron radiation light source in
China, and effectively ensures the accurate control of accelerator orbit. The scheme that the plane control network
adopts the GNSS control network and the corner network of the total station respectively is proposed. The elevation

control network adopts the scheme of indoor tunnel ground and outdoor ground level survey scheme. Before the
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installation of the accelerator tunnel equipment, two surface control network surveys were carried out. The data
processing was adjusted in plane + elevation mode, and the accuracy of the measurement process is verified by
comparing different survey schemes, and the reliability is verified by comparing the measurement results of two
control networks. The average point position standard deviation is 2 mm, which indicates that the survey results are
reliable and meet the requirements of subsequent control network survey and equipment installation collimation. The
stability of the point is improved by optimizing the design of permanent point marker structure. As HEPS requires high
stability of permanent control points, through optimal design and special construction, the ultra-high fine and stable
bedrock spacer pile was successfully built in the narrow tunnel space, forming a stable three-dimensional permanent
control point for the storage ring. It provides a benchmark for long-term monitoring of beam orbit stability, and
provides a reference for the subsequent construction of synchrotron radiation light source.

Key words:  control network, GNSS survey, leveling net, projection deformation, control net adjustment

w2 B e R 4 BHLR 53 BT R HEL AE ERE 1) 85 E [R) 20 A O U (HEPS ) S w1 = T S [8] )0 SE i B 9 O} 23
B, R E s A AR AP AR SO IRZ — . HEPS fUdf— 5 K49 m B HE M &7 . — 5 A K2 454 m (191
SR — A K 1360.4 m AR AF R Ko TOU AR o, AR AT R 3 DA [ B B AR D3 B G A S 5 4
o HEPS Ay — 5 KADRL 5~ st 5, X R i B0 T8 A vt 1R R AR 1 1) SR oy, MR o 2 e 1138 4y 1k
Y A A IS B R, S T S B — i, R A 9 N MR A 2R R AN AT A . HEPS (5 TR AR ZY 650 700 m?,
SR YIS A0 S T R R G R B e K, 7 el DX A T 4 o ) O R

1 b= R AR

HEPS fF 2 58 PUAR SE G TR, XoF 15 8 1) 22 206 o TR B 42 4 17 0 v 05K e BT PN A X ME EDKS B2 0.03 mm, BTG [H] /Y
ARG HE RS FE 0.05 mm, [R] of 0 42234 B 302 AR . A7 PRI SR Sl = O DX 38l 9 266 % 58 64 i 25K 2 mm,

b TET 42 A1 DO 2 P 0 s o I, Ay B T O TR it TR B 1) 4 2 S A AR A A T SR, TR
AR, SR XRS5 IR TR, DR, T AR, T R R A A X A3 S 2 N7 AT A T D A5, DT
PRAUE = DX 35 22 i) 1) g A B 4 o 2 57 LA SRR 8 322 655 . TRl s Pl oo RE DG IR R Bl 2 2 S I R R e, 32 8 5
S B P Y, 45 A B JC T E A, TR, A T R 000 ek s A 2 ) X S L A o D SR AT I R L = RED
58 b TR P 000 Sk R B DA R T S, B RE N TS SRR A I R RS R e, QT R I e RS R T S T 2 A
14 Z2 b e T B B 56U, 3 AR SCRFAE AY F N .

i B HEPS H 2k B 2 . A7 30 L DGR Ll 35 50 A e 4 i i, B o B A48 8, 30006 40 A I, 32 4 i 1) D
W, GLIE 1, HEPS i1 42 il W 0 5 12 A b K A S 23 02 4 D TEBESE S 5 (POSR. PO6R ., PO7R ., PO8R) i T-fiff
FEPRBRIE , 4 DB AE 1+ JZ 55 (POIL, PO2L. PO3B. P04B) i T H £k Fl 1 oif &% B% 18, 4 > & bk )2 & (PO9T, P10T,
PUIT. PLI2T) o FR &M A . 7350 10 A sl i, 5y $2 4, v fEC AR s A E M 414

PO1L~POSR iX 8 /™ 7K A 5 A5 T it 5% Wk 385 P, (] Bsf o, FH A 0 6% 3 I 42 il 150 . POLL. PO2L 37 F 146 fin s 2%
W% 3B R W, T 45 R B 2R 0 g 59 07 B, PO3B. PO4B i T4 5 2% B T P T4 R B 0R 25 9 £, POSR,
PO6R. PO7R il POSR ¥4 5] 43 4ii TAEAE RBETE N o 256 B IX % T 7K A 1 A 120 R FH A Al TR B+ B 30, b FT ik A4 9
i, P X v R ) RE AT R BR A ANk B S AN A B O T R BN R A S TSRS, AR AR E, AR 2 BT
TRo A MBEAEFR IR B 80 m VR FE A AE, T 36 40 m KRR DESAEEL A N, M b i) MARUCBE 2 XAk . XUA A
TR IR, 625 A9 B RS 3 E A SRR 3 25 1 m U, 138 40 moad@ i 3l 5 s 4 b 38 )+ 2 PR %5 . HEPS & [H
PIME—F A HEK 80 m JEAMEROGIR, ZpE I | AR . R AN BE s 7 A4S 115 L pidk, A5 S5 T T 2335 5
UK, B E R . R AR A 4 A ACA SR A2 20 m K AYTRME S, T8 10 m MIZE S LA 2N, EF 10m
54 ZHERY RS . KL 4 KA SR 10 m PR, T8 8.5 m HLEAE 77 L 2, B 1.5 m ER i
T S I AR A

H TR 03825 6 ST B A 0 B B SR, A A A SOKCTEE AL, AnTET 3 BT, ARCA S T 2 R G Y
P, JCRE K P TE AL B o I A R R 5 my, R RT R B 16 my, BEIE MOG IR A T KT N . T RRIE KA
JSUTR) TG TR AR E A, I ST, 3 A R 2K R I B S g e S T T DA B £k i KT IO I T R ELAE 400 mm
RS SRR T 7 /N SN= N SEL A R A iy ks 221 SR DS SN RRUTTTENE 3 L s ¢ 7 STER NI TSN

114003-2



EIE R, A e AR E) 0 R G O R M T I T S % o Ak B

i -luulﬁn_r,‘!.“_h_ g PIIT @

W

_..-' aail | ] 3
W" .. d

@riT

@J3SA

@ permanent point
territorial point

@ civil construction point

Fig. 1 Distribution of HEPS first level surface control network
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(b) the first stage of the second surface GNSS network map (c) the second stage of the second surface GNSS network map
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Table 1 Comparison of LGO and TBC adjustment results

permanent point AX/mm AY/mm
POIL —0.298 —0.067
PO2L —0.169 0.084
PO3B 0.043 0.197
P04B 0.093 0.155
POSR —0.033 0.201
PO6R —0.247 0.314
PO7R 0.009 0.083
PO8R —0.053 0.177

Fx2 FEHRSTEALIRTLE

Table 2 Comparison between adjustment results and civil engineering coordinates

civil construction point AX/mm AY/mm AZ/mm
JASA 1.749 0.452 —4.682
J6SA -1.075 —1.964 —0.766
J7SA 0.915 0.727 -1.412
J8SA —0.174 3.686 —0.513
J128 —-1.416 -2.901 —2.653

®3 CHRBKETMERRE DKL

Table 3 Comparison between known point side length and measured coordinate inverse side length

start and end roll call at the first surface network results distance from civil .
baseline edge are reversed/mm construction points difference/mm
JASA-J6SA 185 970.723 185 969.791 0.932
JASA-JTSA 254 358.179 254 357.623 0.555
J4SA-J8SA 305 962.913 305 959.874 3.039
JASA-J12S 185 167.096 185 171.603 —4.507
J6SA-JTSA 144 086.517 144 083.239 3.278
J6SA-J8SA 268 817.005 268 812.228 4.777
J6SA-J12S 304 370.946 304 371.293 —0.347
J7SA-J8SA 138 588.783 138 588.290 0.493
J7SA-J12S 276 868.125 276 868.467 —0.341
J8SA-J12S 233 472.998 233 468.058 4.940

R4 FIRMEMN kA SNERR SR LIRS

Table 4 Comparison between the first surface network permanent point survey results and design coordinates

permanent point AX/mm AY/mm AZ/mm
POIL —4.895 —-10.841 —0.421
PO2L =7.920 —4.297 —4.076
P0O3B 5.145 —15.623 —18.978
P04B 9.044 -17.321 2.435
PO5SR 14.439 —2.691 —7.136
PO6R —20.141 —0.894 16.556
PO7R —7.083 7.614 3.684
POSR —4.436 —5.313 —5.459
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Table 5 Comparison of two surface network results

point AX/mm AY/mm AZ/mm
POIL —0.558 —0.468 0.000
PO2L 1.636 —0.118 -1.668
P0O3B 0.950 0.317 0.198
P04B 0.337 —2.877 -0.251
PO5SR 4.789 -9.902 1.756
PO6R —2.461 1.158 0.291
PO7R 2.293 -1.703 -0.134
PO8R —2.198 3.691 0.582

Fo FMRMEMARREEBE

Table 6 Reverse calculation distance comparison of two surface network results

test point permanent point two surface network inverse distance difference/mm

POIL —10.666
PO2L —7.638
P0O3B 4.074

PO5R P04B —8.029
PO6R 4.671
PO7R —2.496
POSR —12.947

2 2.58 mm, 755 FE 7 ] AL AR AR HE DR 22 0.7 mm, 1 AR R L AR &, AT 5

R B AIE POSR 2 75 ) S5 A7 78 M 2y, X 55 v b 18 P 00 6 1 5000 R A28 10153 T 32 O W 29 O 25 5 R
POSR ¥R Z 5290, 555 — U T P R — — X Eb, Horp POSR A A 03 4 25 5 KR 14.560 mm, Fiz/N A 8.047 mm, A2
PLIIE B POSR 5 AR 2 5 5277 A6 B 3, 3037 B 25 7K A 15 POSR, R B3P N A7 A8 R FRUK, 77 A o 7% 1) D D) ] i
Ho R SRR B K B o TR AR A L B R T P I A Y PR S B B 38 X POSR-POSR X DU A A5 #E4T T GNSS R
T, fe ] [R) BT 7 A H K R B e e i 37 22, 45 SR L AnEE 7 BER, POSR A J 22 0.89 mm, A H A
IR WA AR ZE T, POSR A5 bR i A #a T A2 1 3, S A o500 A0 s O 222 A A8 80 /0N , 3 K R A 5 3 s T AR &

T OB 2RME N MR AR R L

Table 7 Comparison of the results of the second surface network at two stages

point AX/mm AY/mm AZ/mm
PO5SR 0.582 —0.668 —0.102
PO6R —1.488 0.649 —0.154
PO7R 1.076 0.638 0.007
POSR —0.170 —0.619 0.247

Sl A i SR T LAVE R GNSS #2816 190 A SN A5 960 UE K 58— U T ) o SR 5 4l S0 g B SR AR R L, AN 8
Ji 7o

KA A A SRR 28 R MOE . RAIHOGHOE | AU & A 55 153 200 V1 K, 5558 U T I 2 A
o S A5 ) 0 6 7 i K A A, Al S — 00 s A L 1 A B R B B B Y 5 GNSS A A L 1 BE S X
Lo, 33 -E A 2, B KBS /N ZEEFI AT R, 3k 9 FiR, dE— L 0AF T GNSS Il & f I k7, 2 uhiY
AN A EE T R GNSS I SR AT A 6 IRRS B ER
5 &

AR SCHE B — U T DO 0 5 5 A B AR A ST AR AR AT TN EL, B 25 A, P TE T)  K AR 254 3.686 mm,
T AR T 1) B KA 22 4.682 mm, SNFTA R HBR HER 22 0 3.4 mm, - 2% AR b I 54 B8 B K 25 R 4.940 mm, AR 7
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Table 8 Comparison of the results of the second surface network and total station survey

AX/mm AY/mm AX/mm AY/mm
point comparison of the second formal results of surface network comparison with vector adjustment

and COSA adjustment measured by total station measured by total station
POIL 0.760 —0.463 0.409 —0.686
PO2L 0.665 —0.489 0.346 —0.537
P0O3B —0.196 —0.044 —1.056 0.112
P04B —0.205 —0.072 —-0.692 -0.148
POSR 0.015 —0.351 0.008 —0.392
PO6R 1.296 0.261 1.171 0.246
PO7R 1.154 0.344 1.066 0.382
POSR —0.392 0.623 —0.499 0.571

F9 LIUNEELE GNSS iR REEBEITLL

Table 9 Inverse distance comparison between the range edge of total station and GNSS coordinates

. . GNSS coordinates inverse the side length measured by the total station is .
survey station reference point . . . difference/mm
distance/mm reduced to the Gaussian plane distance/mm

PO5R 132 650.190 132 650.919 -0.729
POIL

PO2L 46 803.767 46 803.792 -0.025

P04B 36 611.268 36 612.157 —-0.889
PO2L

POIL 46 803.767 46 803.745 0.022

PO6R 315978.187 315 980.501 -2.314
P03B

P04B 150 772.074 150 772.498 -0.424

PO2L 36 611.268 36 612.280 -1.012
P04B

PO5R 111 579.603 111 579.497 0.106

P04B 111 579.603 111 578.474 1.129
PO5R

POIL 132 650.190 132 650.233 —0.043

P0O3B 315978.187 315977.739 0.448
PO6R

PO7R 300 528.132 300 528.167 —-0.035

POSR 300 525.315 300 526.372 -1.057
PO7R

PO6R 300 528.132 300 528.192 —0.060

PO7R 300 525.315 300 526.793 —1.478
POSR

PO5R 300 499.194 300 499.391 -0.197

254 2.986 mm. SR T 1T GNSS 0 1 e AR 7K I 2t 38 2038 A5 09722 5 3T LA 31 A S R .

T M TR ) 05 X G, POSR B A AV AR v 224 11.14 mm, 25 20 25 4 1.756 mm, & B POSR #5407 4 3k & A= i
Bl AUl A AR AT R AR U T I BRI AME A, H GNSS S R 5 2l ASUSCERXT H, e KA 254 1.296 mm,
AR 2224 0.78 mm, GNSS Jili R Ak bR S S8 HE 25 5 42l A FEXT L, 5 K 0w 22 4 2.314 mm, FRifEfR 224 0.89 mm., 3
25 — U T 1) GNSS BUR B AT 48, A7 AT 2 mm R B 225K .

565 0k b T ) 7 A B SR X L, & 3 POSR A B ) J5 A s T AR E a3, S AR DR 22 4 0.892 mm., HEIL IR
PR A 52 I G M v o ), T R GE— B 22 R, dR R B D 4 A RRE SR R T IR U, AR N — B, 4R AR AR
ot X A

HEPS M [fif 7K A s 2549 B VRS 19, KT J2 11 BT 6 36 B 5T 38 B8 IO L D SRR b 0w, 55 BR 3 A0 i
P, SEBIL T RE FRL A T o0 TR A B R 0, DA Bk FH 2 R )RR St . 22 b R B, A AR BRI Y Ty vk 2 1 A
b CIRAR %

B B ERLA B L R AR B R BO B SR ER 4 T 4R S A0S B, SR E N K (R A0 R G I Y A
BRI T8 T A B
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