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Abstract: The calibration of total station distance measurement accuracy needs to be carried out on a standard
baseline field, and it is of great significance to judge the reliability of the measurement results of the total station
due to the uncontrollable field environment and the drastic fluctuation of meteorological conditions. In order to solve
the problems of nonlinearity and strong correlation of inputs of the total station distance measurement uncertainty
evaluation model, this paper firstly adopts the adaptive Monte Carlo method to evaluate the uncertainty, and then
compares the uncertainty evaluation results with those of the GUM. When the ranging distance is 1 176 m, the un-
certainty evaluation results of the adaptive Monte Carlo method is 2.2 mm, and the GUM is 2.6 mm. The results
show that the measurement results of both uncertainty assessment methods are within reasonable expectations, and
the uncertainty confidence interval of the adaptive Monte Carlo method is narrower. The adaptive Monte Carlo

method combines the advantages of a large number of data samples and adaptive optimization of the simulation

WA B 2023-04-01; fEEEH: 2023-05-12

BEEUIH: 20224F BEHTTLAE BHIT R U™ I A MO H (2022€01139)

SRR JUBREE, Rk, EBOE. [E NSRRI E 2 ub (GBI E B (], THEoAR, 2023,
43(5): 104-111.

Citation: QIUY X,ZHU J,WANG Y H. Evaluation of uncertainty of distance measurement by total station using
adaptive Monte Carlo method[ J]. Metrology & Measurement Technology,2023,43(5):104-111.




R RESAHEE - 105 -

times, which not only provides a more comprehensive assessment of the uncertainty components introduced by vari-
ous error sources in the process of total station distance measurement, but also saves 70% of samples compared with

the Monte Carlo method, while guaranteeing the accuracy of the uncertainty assessment results of the total station

distance measurement.
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Tab.2  Uncertainty evaluation results

AD/m  E/mm  U/mm [, ¢,]/ mm
72 72 000 0.6 [71 999.4, 72 000.6]
] 216 216 000 0.7 [215999.3, 216 000.7]
1 432 432 000 1.0 [431 999.0, 432 001.0]
624 624 000 1.3 [623 998.7, 624 001.3]

1176 1176 000 2.2 [1175997.8,1 176 002.2]
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Fig.1 Flowchart of measurement uncertainty evaluation

WA M E 2 ~ 6 s o

by AMCM 12 000+
1B B O 25 02 5 /N TRUE A 25 6, %7 A BT W 4k 10000
éﬂ;ﬂfﬁ?h +1 2ﬂiﬁg/\:\£\o 8000
7) SEFE . T R x MASE R i  (EE <
B N = 6000}
TR Y B (A B B o R p (1) =
A5 X ] 4.000F
1T MCM Bt RE AR i MR ORI i A Y 2000}
HER5% B sR B AL SRR AH G, M = 10° 8 H =0 .
Eﬁﬁﬂj %*f\%'ﬁi 959% E"J@‘/H\ IZ: I‘ETJ , ,fa EH 3: MCM @%//I\XTJ‘ 7.199 90 7.199 95 7.200 00 7.200 05 7.200 10
N N NN g . MELER 7 (10° mm)
HORITE . TRk IR BRI 45, T s T
—ﬂﬁ%?gkiﬁzl‘(%ﬁjﬁﬂfﬁi*ﬁTu%lﬁﬁ Hji‘{ﬁﬁﬁ ’ Fig.2  Distribution of 72 m measurement results

Ao A A T 2 A A e ) G o i

e e e S| S 12000
11 AMCM 7%y H 25 R J s 1 A e v W ix — 2

BT LS R AR AR, R D REAR B 10000}
5 VT 75 590 of B9 T S 1 e PR O AMCM < 000l
T L Ay 0 0 R RE A BB ) 1T <
22 MERHEETEER z "
TR WA VTS MR | A B K B A - 4000
W72, 216, 432, 624, 1176 m i}, 23 {UU 2 000k
WL R 2 T 5 R A R 2 B % .
Foh, ADRHELLHCTE s B AR IRIPIHE P st oo
T v SCIE ) B AR TTHE s U AR E K B3 216 m il LE i

T SOWIMHE P A ERE, fEHFE=2; Fig.3 Distribution of 216 m measurement results



iR RESTAHEE - 109 -
12000 ‘R e s, HX AR K R A R
10000 L 72, 216, 432, 624, 1176 m, P45 N 3 fif
< 000l AN, [ GUM DY 4l 430 B A0 7 s ) o AN o
< JE}0.5 mm + 1. 87 mm/km X D (k=2).
% 6 000 |
= %3 MELER
40007 Tab.3 Measurement results
20007 ADy/m Dim devimm Upy/mm
0 72 72.010 46 0.10 0.6
431998 431999 432000 432001 432002
TELE R /(10° mm) 216 216.017 92 -0.15 0.9
K4 432 mEgsE R0 432 432.025 11 -0.38 1.3
Fig.4 Distribution of 432 m measurement results 624 624.043 43 -0.49 1.6
12 000+ 1176 1176.072 05 -1.19 2.6
10000} F3, DAL INCR K4, AP
2000l e H BB IE S5 I L5 5 5 dev Sy 405 SO0 I 25
< H5S%E RIS R, RSN & 101K,
| U 0 90 R M 5 R 5
= 4000l BOBAE, SAESHRMEE . BOPSEAE ) R B
5 000k BN KJE MM ZE R s Ugyy Ml 1 GUM PF5E 1
AR AR BE Y R B AN A
6.239 98 6.239 99 6.240 00 6.240 01 6.240 02 3.2 ZE%X‘]’ tl.’.
_— jj{f;“g? 2. 25 AMCM R 22 B 3 45 SR i 3. 1
Fig.5 Distribution of 624 m measurement results _'ﬁ_ GUM ﬂz% éﬁ% E‘[ 2 E 'L—H ; 7{{')“] EE EE% ?&jﬁ EH‘ ’
TGN R R E AT, W BERE S R 72 m i,
12000 I AN BE AR R AR R R R A
10 000 £ AMCM ()0 2 AN i 2 B2 2P 45 5 /T GUM, - 4l
30001 HEEEES R 216 m B, AMCM A9 ARH E B H GUM
& /NO.2mm, BEES A1 176 miF, AMCM A9 B A6
§6m_ SEJE L GUM /N 0.4 mm, AMCM 1 GUM 5 fh AS
4000y S A 7 AT S T R AN 0 5 E o L A 7
2000} Mo HPm2E N ORI B N LD K ENSZE,
0 BT T DA, BRRASH E BETE Jr ik ) i
1.175 995 ME;:I;/O(O]%G - 1.176 005 %%ﬁl?’f%fﬂﬂiﬁﬁzm i

E6 1176 millE45 504

Fig.6  Distribution of 1 176 m measurement results
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