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Error correction method for binocular stereo vision in temperature-

humidity coupling field based on fixed target array

ZHAO Hong-wei, YIN Wei, WANG Gang
(National key laboratory of strength and structural integrity (Aircraft Strength Research Institute
of China), Xi’an 710065, China)

Abstract: To address the issue of extrinsic parameter drift in binocular cameras induced by thermo-hygro-
scopic deformation of metallic camera supports within wide-range temperature—humidity coupled environ-
ments during aircraft structural climatic strength testing, as well as the inability of existing self-calibration
methods to adapt to coupled high/low-temperature and high/low-humidity conditions, this paper proposes a
real-time error correction method for binocular vision based on a fixed target array mounted on a high-stiff-
ness foundation. A mathematical model of pose deviation is constructed incorporating thermal expansion,
moisture expansion, and cross-coupling terms, and an extrinsic parameter error propagation equation under

temperature—humidity disturbances is derived. An auxiliary correction camera is introduced to observe the
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fixed targets, and the EPnP algorithm is employed to solve for the support pose deviation, enabling dynamic
compensation of the binocular system extrinsic parameters. Validation is conducted through simulations and
nine sets of environmental chamber experiments, with a grating scale (accuracy: 0.5 um) serving as the refer-
ence benchmark; the experiments cover low-temperature, high-temperature, and full-range comprehensive
thermal cycling conditions. The simulation and experimental results demonstrate that the uncorrected system
exhibits an average measurement error of 0.065 mm, exceeding the permissible error of 0.03 mm under all
operating conditions. After applying the proposed correction method, the mean absolute error (MAE) across
all conditions ranges from 0.0209 mm to 0.025 3 mm, with a maximum single-point error of 0.027 8 mm; the
measurement standard deviation is substantially reduced and data repeatability is markedly enhanced, with
simulation error improvement rates of 64.2%—65.8%. The proposed scheme requires only one additional cor-
rection camera and a fixed target array, without necessitating extra temperature or displacement sensors, thus
offering low hardware cost and ease of integration, and is capable of satisfying the high-precision three-di-
mensional deformation measurement requirements for climatic strength testing of large-scale aircraft struc-

tures.
Key words: binocular stereo vision; temperature-humidity coupling; structural deformation measurement; er-

ror correction; PnP algorithm
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Fig. 1 Temperature-humidity coupled error correction
flowchart
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Tab.3 Hardware setup of the experimental system
=2 FR K fEH
A= (A= | X
| VORI TAAIPLS 12065120 1o ot 90 Hogs e iF 145)

1B%)
PoE IR Tk 8% 3k 3t % (L H 50 mm+H 1F
2 (50 mm/12 mm) 12 mm)
3 10GigEHT m IR 45 3E {5514
4 SR 24~ AR X5

(a) IARBEFREEAS (b) Mt s
(a) Temperature-humidity chamber ~ (b) Testing equipment

(d) S HDEHER

(d) Optical linear encoder

(c) [ EFLHRIF S
(c) Fixed target array
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Fig. 4 Field test apparatus
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Tab.4 Reference coordinates of target array

bR Xy (mm) Yy (mm) Zyy (mm)
1 0.000 0.000 0.000
2 300.015 0.008 0.003
3 600.022 —0.005 0.006
4 —0.003 200.012 0.002
5 300.018 200.009 —0.004
6 600.025 199.995 0.001
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KGR 0.5 pm, I BB E A 50 mm, 100 mm,
150 mm, HAWSE S0 HEEREE—.
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2) 47 9 20 TR KT R IRV EAIG 2R, TR A5
PRI 5 min, [F]20R4E: SR EE . 3CH G I
HAE . BIEARHLAEAR L 3) B4 43 R o
B AN ARG IE (U 36 ESN S ) I F EPnP 12
FRSERT G IE 5 4) % s S 3R 25, i1 MAE,
RMSE, STD, ¥} Fb A IR

Bl S g5t T ARSI S EPnP fif 5 b E) 25
Kl 5(a) Won T 6 A RITE R R S bR 2R IS 1
PSRRI 1] 5(b) TEJR AR MR g T &+
T ARic . Gkt LR I AE B AR g5 1~6;
K 5(c) AR R LER 6 MM EAR 0 E R 2,
M(h g 2R [ Ry 2B RMS(0.100 pixels), 210 iz 28
[5 47 0.12 pixels F{HZE, I £ RMS<0.12 pixels ¥

(a) BEEARBLIELA IR

(a) Rawimage from calibration camera

(b) AR LRI R

(b) Elipse center extraction results
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(a) Temperature variation curve
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