Geomatics Science and Technology M2FI%H R, 2026, 14(4), 289-294 Hans XM
Published Online October 2026 in Hans. https://www.hanspub.org/journal/gst
https://doi.org/10.12677/gst.2026.144029

ZHFIKEEBCMFARE X U A7k EE B P
B A5

BEA
MRS M, W Kb
ks HiH: 202648 H29H; A HEM: 20264F9H21H; kA HM: 20264F9H29H

h

=

AR KR B R XIR AU A K HE RS AL TAR R AT BRI SMLER T, MBI TAEE R THER . FEL
WG, FEIREFSMEN TAERR, SCHEAARE . WAT7Em VR R E R ETR T RAE LR, #
FHOE SEHMER, RIFRARMKAETILI H & EE SRS . A3 DIER IR HK AR
FEAL TAZOAH S0 X A A =S8 K #ERe ) )RTF R AMMAS TN, 25 SE K AE B R TR BAR PR ER
KRG REH, H7FEE =K RS TIRIRE TR B Sk MESAR KA. ETZAR, KRl as
SHEKERAEREAET R, RORECA=ZSKERNRRENE, 25 & KUEMERN S5 BAF
ZMRE .. TRLEREY, ZRRFREEWH BUEMR SN, 7E0RE R R KRR,
] B Py RISREL UK HUKHE TR AL TA2 0 H Rk 2%

XKigid

TEKHEENR, XIRDUKHUKAETEW, WEEE, HANSRREA

Research on Application of Second-Order
Leveling Joint Survey Technology in
Regional Quasi-Geoid Refinement

Zhisheng Liao

Hunan First Surveying and Mapping Institute, Changsha Hunan

Received: August 29, 2026; accepted: September 21, 2026; published: September 29, 2026

Abstract

Second-order leveling is an indispensable field operation in regional quasi-geoid refinement, charac-
terized by high technical requirements, stringent precision constraints, substantial field workload,
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and harsh operating conditions. Optimizing operation modes and implementation efficiency while
meeting specified precision thresholds is therefore a key practical concern in such projects. Taking
a municipal quasi-geoid refinement project as an example, field inspections were conducted on ex-
isting third-order leveling control points, and the accidental mean square error per kilometer of
leveling routes was verified through computation. Results show that some original third-order lev-
eling points fully meet second-order leveling specifications. These qualified points were adopted as
elevation transfer nodes and incorporated into the network formation and overall adjustment com-
putation of the second-order leveling network. Engineering practice demonstrates that this ap-
proach effectively reduces field survey scale, improves efficiency while ensuring result quality, and
provides practical references for similar domestic quasi-geoid refinement projects.
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2. MBEASEIEENX
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26°07'05"~27°28"24", T EG Jb K4 150 km, 42 P8 95 2 173 kmo AT H BV X PR EE R L 112°25'~112°50'
b4 26°40'~27°10", FEHITEFZ) 1000 km?. TH FE TAEEAS C 2 GPS WAL — 87K P Ar Wit
DX 3ALL AR 7K 7 TR A0 i B 5 N 25
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AR [2] [3]0 T H AR AR 5 R IR TR v BB BE. S0 2 RIS 2 Uk, 2 iyt
B2 (A HEZR ) 2SI A, 0f tJ7 e  R & SCIEAE A . IUH A O IXALUR SR E TR AR, 40k
PR EAL T +1.5 cme AZBCR W AT GNSS BAR B G fE i, A =, PUSEKHENE T
T8, DS NFIIN TN, i R EE R A= R (5] R 2, (8T8 5h GNSS 1Rkl
L ERZ AT TN, AT R XSRS, Ra RIFFFAME. et 52T

S

Bk

o

2.3. BERKAEFRR R

AT H AR K DA ] 5K 2 K DX S0 SR Dy e R AT SRR A o U DX P 23 A T 4 TR R
L7521 RSt 4 SR K —SKuEk 2 LI, WA RA7 5 i) — 55Kk s 351t 6 . 103,
105 108+ 109+ T13. 115 X P [ A7 A 2R e e DX b A v RS A6 T H T BRUFTTIRLAT 28 . TITMRAT 28 . T
PRATER = 2 =2 KUk RR £, BEBIFRIA 101, 11104 I1107. I08. 109, II110. 11 3£ 7 4 fSAiksfs 588t o
X 6 AN K AE S TFRRAMVAS I, KA EFE 101.2 km, WIIE “WE 17 o 6T ELAHTE 22 SR v
&, 6 NS KUE IR N IE SR S B 7 T8I =S K HE R IR S KUERTE T R A A, Ao
MEFE 703 km.e &I ZRELIHIERZE AN, S AfRE, A RIS, aI/ERN = 5KHER L
WAL HE S, R “HE2” .

Table 1. Inspection of starting benchmark points
1. EESRNR

B A S km) A EZE@m) FEMEZm) BmEZZ@mm) FRZE(mm) e 5 =

1 103-105 17.7 21.36254 21.35442 8.12 25.24 Al A
2 105-113 24.8 19.26357 19.2712 -7.63 29.88 Al A
3 105-108 16.5 30.75149 30.7569 -5.41 24.37 Al A
4 108-115 20.6 -6.32584 —6.33236 6.52 27.23 Al A
5 108-109 21.6 —15.24857 —15.25626 7.69 27.88 AP A

Table 2. Inspection table of elevation transfer points

* 2. HEQRNR
B RillEsdk BEGm)  KRIEZEm BEZEm) SmELEmm)  REmm) R

1 113-11101 11.8 15.26847 1526124 7.23 20.61 PN Z 5#ll
2 11101-11104 10.1 26.35698 26.35242 4.56 19.07 PN Z 5ol
3 105-11107 8.6 -8.20145 -8.19251 -8.94 17.59 Al A
4 1107-11108 9.2 7.63547 7.64472 -9.25 18.20 Al Asr
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5 11108-11109 9.7 -6.23571 -6.24136 5.65 18.68 AP S
6 109-11110 11.5 —12.36572 -12.37206 6.34 20.34 Al A
7 II110-11111 9.4 9.26571 9.27058 -4.87 18.39 Al Asr
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B W B 435 FH R 5 DINIO3 /KA, e 2 25 3R BUAR RO JE LI Al o 003t S0 2, )3l
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Figure 1. Route map
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4. IKEMBAEALTE
4.1. FIEAERRE

Kot AL FRFAE B A AR AR SRS 0 SRR 5 M BN R HE A 5 e 22 A T U A
B WA ZET R SR AKHERPZE SRR BURERIE SEURIRE RS . a5 . REE
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Figure 2. Flow chart
B 2. #izE

4.2. BRFFKERRITEEE

73 9T 4 K B L R BRI [ K — S5 K o, TR BT 7 A2 I A 64 1 = 557K
A(IT01, 11104, 11107, TI108, TI109, IIT10, TT11). A% 7 > =25 /KU A RA 7 AN B v 22 0 RS SR v
PRI AL S, AR MA S 70.3 km; 1B AT B TR PR 2 8+0.26 mm, LT 5K
HERVEIRAE, P LA N KHEN 2 5 e — R [ 7]

4.3. IKEHME

T HERE S5 58 B 0 K b — SO E ARG AZ . $2 ) NS AR HE B, AR SRR R K B RE . IEH /K
WA FATHSOE . B35 Ul P ARSI EE, THBR &K RGR NI ZE S, NG A%
K A% AN 2 T S PR AL T AL B B (6] [ 7]
4.4. REE

4.4.1. BAPRETE
TR AKHEN B AR SR iR 2 5 A 3

MA=1,[AA/R]/4n
A, ANNBATIRI S ZATHE, AR RAMBKE, BAATK: n AMBRE.
BT b RO FEBUE 5 B BAL IR s ZE AP 5E, SR ATH 8T KRR R % 840,46 mm, LT
TAEIKHE 1.0 mm (PR ZEFEFR[4].

44.2. FHARESBTHREPREHE

ATH ZAKAEM IR R 11 AN EIR, K a8 A, & 34 2L G E R
M. PAZEE “I3 37 o A& &I PG 22 vF E KN 25 T K2R 2 9+1.24 mm,
Wi R 55 £2.0 mm IRR ZE K [4] [6].
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Table 3. Calculation table of misclosure for leveling loops

3. KERAPHEEHTESR

E2 2 Y A Y FEkm) Wge(mm) Wzg(mm) Wzl(mm) Wq@mm)  FRZE(mm)

1 103 115 74.6 3.03 3.01 2.97 2.47 34.55
2 115 109 82.7 —14.47 -14.11 —13.98 —13.98 36.37
3 109 113 70.7 -13.29 -12.36 —12.54 —11.66 33.63
4 105 115 77.9 -16.71 —16.55 —16.54 —16.69 35.30
5 103 113 83.9 6.23 6.2 6.25 6.56 36.64
6 11101 101 72.3 —-0.04 —-0.01 —-0.02 0.29 34.01
7 11109 11109 75.3 9.24 8.78 9.12 9.33 34.71
8 1111 111 67.6 3.61 3.54 3.52 3.55 32.89
9 C17 C17 57.8 -13.33 —13.58 -13.59 —14.29 30.41
10 Cc23 C23 56.7 —13.27 —12.65 -12.9 —-11.16 30.12
11 C31 C31 49.2 8.17 7.86 8.43 8.56 28.06

4.5. EEFEFESKEETE

KHE X SR () 2P A5, DL 5 A A3 5 I i A A 3R 0 v 22 v 5 R, DAARF 8 &5 AR R
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PP 22351 25 Z0KMERR 26, 30 NMKHAESS i, CREE S 6 N, RG24 4. PFEBEBTKPIRE +
1.05mm, M ANEIFEE SR E £4.36 mm. ST E 638.6 km (4K LA TR A0, i
AP AT 1985 E R mAE R MERCE . MARTR . iR 455 R PR ZE S IR bR R K v
DA A R b 7K THTAS Ab 0 R R [1] [4]
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SRR 7E AR KAERIAT B, A IRSESOKAE ALAR A AR A, 2D AG I LB 2 KE P R 4 B — 48K
HERLYE, AR HAR D R 54 i, AR B R (R SR 0K HE BRI & — S K e i 122 28 [ oK — 5K
RS R, IR RO AT 2 22 . 207 E T 1248 A ML R OME, 8> 2R AL
TARE, FECRIERCRIE L ATRTHR A BRTHEF R, W90 X — S8R HE s B R/ I3 ALK 3t K HE T
R AT H H A e 5 S 13
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BH£AR), 2019, 44(10): 1505-1510.
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