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Research on on-site calibration technology of photogrammetry system
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Abstract: Aiming at the problems in photogrammetric systems for aircraft static strength tests, such as the lack of ap-
plicable on-site calibration methods and devices, and the impact of complex on-site environments on measurement accu-
racy and efficiency, this paper proposes a multi-dimensional metrological calibration technique. A laboratory calibration
device with a carbon fiber hexahedral frame was constructed to realize high-precision spatial coordinate transmission,
with a measurement uncertainty U equals 1. 6 + (L/300) wm, k = 2. The influence of temperature and humidity (10 ~
30 °C, 10% ~ 90% RH) on measurement accuracy (maximum relative error 0.006 4%) was identified, and blue light illu-
mination was adopted to eliminate light interference. A portable on-site calibrator was designed to break through tradi-
tional calibration limitations. Test results show that within the measurement range of 4.5 ~ 6.5 m, the system error does
not exceed + 0.3%, which meets the requirements of static strength tests and provides technical guarantee for the stan-

dardized application of the photogrammetry system in static strength tests.
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Fig.1  Block diagram of multi-dimensional calibration technology system construction for photogrammetry system
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Fig.2 Schematic diagram of laboratory calibration device
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Fig.3  Schematic diagram of the portable calibrator structure
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Tab.1

Test results of the vertex distance of the calibration device under temperature-humidity coupling conditions

$ 45 mm
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W30 °CL A IR 10 CRREE R 30 °CL VR

PR 5 30% RH F!ﬂﬁ)ﬁ B L 90% RH R 4 A, [ERSE i 90% RH I (1
HE A S R 0 ZE SR g R 2

P1-P2 887.361 887.362 9 887.385 5 0.001 0.024
P1-P3 1298.153 1298.161 1298.192 0.008 0.039
P1-P4 984.955 8 984.947 8 985.022 6 -0.008 0.067
P2-P3 911.118 911.063 4 911.110 1 -0.055 -0.008
P2-P4 1 298.089 1 298.006 1298.139 -0.083 0.050
P3-P4 887.698 887.656 8 887.743 9 -0.041 0.046
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Fig.5 Position relation diagram of field calibration
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Tab.2 Comparison table of distance test results between two sets of testing systems

¥4%. mm
N JRAED 1 45 5% ARAMIS 145 AN IR 2E 1 %
i mil 2 M3 Hl 2 3 ml 2 i3
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 97.90 334.33 958.32 97.75 334.31 958.58 0.15 0.01 -0.03
3 190.77 652.59 1 870.41 190.63 652.69 1871.23 0.07 -0.02 -0.04
4 241.40 824.99 2363.68 241.22 825.09 2364.45 0.07 -0.01 -0.03
5 273.34 933.49 2673.71 273.37 933.55 2674.17 -0.01 -0.01 -0.02
6 255.31 870.61 249275 255.35 870.67 2492.83 -0.02 -0.01 0.00
7 191.88 652.33 1 866.61 191.99 652.39 1 866.58 -0.06 -0.01 0.00
8 120.68 407.97 1166.75 120.96 408.19 1 166.63 -0.23 -0.05 0.01

6 FitERE

AR B Z YRR TR A EROR A R
T RHL o R B I R G B R
MBS METT i BA BEH . R 4R
T AHESL B SC 0 S A MERE B, 0 3 IR R
MR, SEBLT RS R B B IR e
W15 3R N A A, RIEEHR T T R 2
7 B0 S5 O I 5 R 8 B A A o 4 T R
2 LY, AR A R P SE B PR | AR E
MAE LI UE o AT 9T R HES) T 32 R ST AE |
BLA AL o Bl g b TR, S S il 4
BT AT AT R S BRI

AR R I 1 R B A A7 A 45
AR —— R R A, IR A AR A7 R C A A B

Syl AR R2E, HAEKHIER R, RSk
JES KRR ENE . 5 S 5T 5 T WIPE— R fl 4h
oy B BN 5 B E AL R TS 5, SR E
AR B S A ZE R T EASWI R, BE— 2P 4
1R 2 L O R R S AR E

SE 0k

[1] T, ZEmae, skaEmm. CHLE g g X A8
1 AR B 0 R PR S ek (). iz dlE SR, 2019,
42(5): 12-18.
WANG J G, LI L H, ZHANG Z Q. Application limita-
tions and improvements of cable displacement sensors in
aircraft structural tests [J]. Aeronautical Manufacturing
Technology, 2019, 42(5): 12-18. (in Chinese)

[2] PR, X7, ebeie. Aizs dum B hhi g A F8
At S (R BRAE 43 (7). I, 2020, 46(3)
45-50.



178 -

HE., WiK5KHE

202645 46 % % 2

CHEN Z Q, LIU J J, HUANG X Y. Analysis of limitations
of draw-wire sensors in aerostatic strength tests[J]. China
Measurement & Test, 2020, 46 (3) : 45-50. (in Chi-
nese)

FUIWE, e, FhEA .
éﬂ?!ﬁ’@%ﬁﬁ@iﬁﬁﬁ'rﬂﬁﬁ[ﬂ.
20210012.

WU M H, ZHOU H'Y, SUN H W. Applicability study of

AR RALGE R i
Wizs 4, 2021, 42(7)

cable sensors in composite aircraft structure measurement
[J]. Acta Aeronautica et Astronautica Sinica, 2021, 42
(7): 20210012. (in Chinese)

A, 2BV, AT, & PIRGIRE S A TR
FRRHELT]. THIEAR, 2022, 42(4): 77-82.

CULY M, LIT, ZHOU N, et al. Calibration of pull wire
displacement sensor under variable angle working condi-
tion[ J].
(4): 77-82. (in Chinese)

Metrology & Measurement Technology, 2022, 42

[5] % . KA YL AT R P L3R Y = 2 3 2528 AR I
TEAEgE )], e oAk, 2024, 45(3): 123-130.

[8]

LIANG J. Research on the 3D dynamic deformation detec-
tion method of the wing during the flight of a large aircraft
[J]. Acta Aeronautica et Astronautica Sinica, 2024, 45
(3): 123-130. (in Chinese)

Pt R T I R Bl 7 KR ek A B 4 o
[N]. FE/= M, 2019-06-15(3).

LYU C J. Precision industrial measurement technology
powers accuracy control in large aircraft manufacturing
[NJ. China Aviation News, 2019-06-15(3). (in Chinese)
FRICT5 . WAHBIL Tl B8 52 I 12t 22 G4 i 5% i) R 3 ko
[D]. HEM . Atk FIKHL R, 2020.

ZHU W F. Research on accuracy influencing factors of
dual-camera industrial photogrammetry system[D]. Zheng-
zhou: North China University of Water Resources and Elec-
tric Power, 2020. (in Chinese)

L, FREEC, TAE, 5. SURIBL Tl 52 il 5
GRS BESZ ML R LT ). TRl E AR, 2017,

37(6): 28-33.
MA T T, XUAN Y B, WANG W F, et al. Evaluation of
geometric factors affecting accuracy of dual-camera indus-
trial photogrammetric system [J]. Journal of Astronautic
Metrology and Measurement, 2017, 37(6) : 28-33. (in
Chinese)

ok, 2, BEIR, &L Tl is

Tt RRLRA T ].

Zilll i R G EFA
AR, 2016, 36(6): 4-8.

[10]

[11]

[12]

[13]

[14]

[15]

XU Y, LIY, QU JS, et al. Review on development of
calibration methods for industrial photogrammetry systems
[J]. Metrology & Measurement Technology, 2016, 36
(6): 4-8. (in Chinese)

BT, TR, SRS, 5. Tyl R 2
JrEprs b . R ER, 2015, 41(7): 10-15.
HUANG G P, WANG W F, XUAN Y B, et al.

L

Research
progress on calibration methods of industrial photogramme-
try system [J]. China Measurement & Test, 2015, 41
(7): 10-15. (in Chinese)

WEERE, IR, Ay, . B TIRENE M EER
KEW & RS 5@ 2501 &% 4Wm,
2017, 38(5): 553-558.

TAN Z X, DONG M L, YAN B X, et al. Adjustment and
error analysis of length measurement system for scale-bar
based on photogrammetry [J]. Acta Metrologica Sinica,
2017, 38(5): 553-558. (in Chinese)

ZRULE, 2R, BRSNS IR TR IE R
GEMRCHE I ERETE )], HHIEOR, 2018, 383G T 1)
24-27.

LIHR, LIY, QUJS, etal. A calibration method based
on digital photogrammetry system [J]. Metrology & Mea-
surement Technology, 2018, 38 (supplement 1) : 24-27.
(in Chinese)

UL, A, BOIR, &L BRI R HEEBK
MEREMTIE (T ], THEEOR, 2018(10) - 53-54.

LIHR, LIY, QU JS, etal. Research on linear dynamic
calibration device of photogrammetry system[J]. Measure-
ment Technique, 2018(10): 53-54. (in Chinese)
BT, . B TR R R E R R
T 5 52 3 3R G0 A8 b RS HE T ER ST [C 17/ 2018 4F o
L2 P ROR L 1) P a2, 2018 1-5.
HOU Q Q, GAO Z P. Research on calibration method of
indoor large-size space coordinate measuring system based
on photogrammetry [ C]// Proceeding of 2018 China Avia-
tion Measurement and Control Technology Symposium.
Chinese Society of Aeronautics, 2018: 1-5. (in Chinese)
TR S, EEERE, 22, & . e st Dl Il i
R EREM )], e 5 R, 2021, 48
(9):15-17.

HE C Y, TANG Q Q, LI Y N, et al. Study on measure-
ment repeatability of digital close-range industrial photo-
grammetric system [J]. Metrology & Measurement Tech-

nique, 2021, 48(9): 15-17. (in Chinese)



RIS

e, WiKE5KE - 179 -

[16]

[17]

[18]

[19]

[20]

JT, R, ORR, AL 2 RURI R AR R G A
AR e BOAR B SE [T) T B AR, 2025, 46 (2) -
204-212.

ZHOU N, FENG J M, SONG H, et al. Research on on-
line calibration technology of multi - point pasted strain
measurement system [J]. Acta Metrologica Sinica, 2025,
46(2): 204-212. (in Chinese)

[l 2 T 7 e B BILEUR) . B T A DL AR 16 =4
T ik R GRS HERLA : JIF 1951-2021[S]. dbgt: dhE &
Kt At 2021.

National Administration for Market Regulation. Calibra-
tion specification for optical 3D measuring systems based
on structured light scanning: JJF 1951-2021 [S]. Bei-
jing: China Quality Inspection Press, 2021. (in Chinese)
German Institute for Standardization. Optical 3D measu -
ring systems — part 1: imaging systems with point- by -
point probing: VDI/ VDE 2634-2002[S]. Berlin: Beuth
Verlag, 2002.

German Institute for Standardization. Optical 3D measu -
ring systems — part 3: multiple view systems based on
area scanning: VDI/ VDE 2634-2008[S]. Berlin: Beuth
Verlag, 2008.

Standard test method for measurement of displacement u-

[21]

[22]

sing digital image correlation: ASTM E1318-19 [S].
West Conshohocken: ASTM International, 2019.

JT . RTI R AR R TR R )] i
M A, 2022, 42(1): 1-8.

ZHOU N. Perspectives on the development of metrological
science and technology [J]. Metrology & Measurement
Technology, 2022, 42(1): 1-8. (in Chinese)

WANG W, LIU W, ZHANG Y, et al. Illumination sys-
tem optimal design for geometry measurement of complex
cutting tools in machine vision[J]. The International Jour-
nal of Advanced Manufacturing Technology, 2023, 125:
105-114.

(AXth#: X FH MER)

F—/BEEE: #am0912—), X,
WFoE 5, i, BRI RS
AR S PPN R . e EDGF
HEERSZRR . TECEHARE NS
T 2201, W FRFE LT S
BHIFH , R 230850,



