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Ensemble learning method for landing gear load calibration model
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(Changcheng Institute of Metrology & Measurement, Beijing 100095, China)

Abstract: In order to solve the problem that the calibration equation established by linear regression is not ideal for
the aircraft landing gear load calibration experiment, considering the nonlinear influence of factors such as landing gear
compression stroke and strain gauge position on the calibration load in the experiment, the landing gear load calibration
model is constructed by using AdaBoost and XGBoost nonlinear regression methods using feature fusion and ensemble
learning theory. Firstly, experimental data are obtained through landing gear load calibration experiments, and the input
feature matrix is established using principal component analysis method. Then, a landing gear load calibration model is
constructed, using the three directional loading loads of the landing gear as label vectors. The training and testing sets are
divided according to the random sampling principle, and the calibration model is trained using AdaBoost and XGBoost
methods. Finally, the load is fitted and predicted in the testing set, and the model is evaluated using four evaluation indi-
cators: root mean square error, average absolute error, determination coefficient and time. The experimental results show

that compared with the widely used least squares method, the calibration model established by XGBoost method can bet-
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ter fit the loading load. XGBoost algorithm is more advantageous in scenarios without considering timeliness. The research

results have important value for improving the accuracy of aircraft landing gear load measurement and further research on

aircraft Structural health monitoring.
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Fig.2  Diagram of principal component analysis
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Tab.1 Partial original calibration experimental data
RIEG/AN WA EA/AN M EG/AN AR /mm AR NAR2 WAE3 NAR4 JNAES [ g 12
0.00 8.99 0.00 0 17 =111 30 946 169 1296
14.46 -5.97 -5.97 0 -179 760 529 -645 =501 -1154
15.13 8.95 0.00 50 93 577 277 916 -499 1578
20.12 11.95 -0.00 50 133 742 348 1208 -643 1536
25.03 15.03 -0.03 158 196 1015 512 1751 -1 056 2567
30.08 18.05 -0.03 158 320 1250 646 2050 -1153 3117
35.12 -13.96 -0.06 158 147 1 655 546 -1830 -1335 -1085
40.13 23.99 -0.06 180 279 1637 786 2737 -1649 3939
45.12 27.00 -0.06 180 349 1827 1827 3019 -1859 4503
54.17 15.31 -0.07 180 319 2329 1036 1642 -2207 3196
K2 AR Z R0 G B NI AR AE R
Tab.2 Features after dimensionality reduction using principal component analysis
FHIE 1 FHIE 2 FHIE 3 FHIE 4 FHIE 5 FHIE 6
336.656 1402.256 1811.873 -1538.391 103.507 22.219
1439.102 1 928.764 2 119.468 -1 586.197 108.724 16411
2 537.675 2 467.948 2413.714 —1588.252 231.412 54.513
8 745.782 -3915.313 132.869 1456.923 -199.436 -266.584
10 178.694 -4 395.555 24.160 1.799.599 -219.598 -219.598
11 570.452 -4 939.394 -67.077 2 155.709 -219.243 -272.799
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Fig.3 Schematic diagram of ensemble learning ideas
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Tab.3 Statistical information on the left vertical load

of training and testing sets
Blide HA% BoR~R/ME CFIE A IR
WL 1675
MitdE 1118

60.25~-0.03 27.34 -0.14 -0.78
60.25 ~-0.02 26.56 -0.09 -0.81

Pl 4~ &1 6 Ay 8 23 07 728 23005 1k 1) £ 110 5090 i
U TTRUE R, IR N AR 28005 ¥ ) 3010 1Y ¢
RPN, DR S 4 RN AR S8 9B 57k 10 3K
i A —E ARG &R, MW AE S8 12 Y4k
KARER
32 RERFS
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Fig.4 Scatter plot of data for normal load and strain parameter 4
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Fig.5 Scatter plot of data for normal load and strain parameter 9
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Fig.6  Scatter plot of data for normal load and strain parameter 12
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%4 AdBoost #2 XGBoost # 2 A K %

Tab.4  Model parameters for AdBoost and XGBoost

e 28 ZHUE
n_estimators 60
AdBoost learning_rate 0.3
loss ‘linear’
booster ‘gbtree’
n_estimators 50
learning_rate 0.1
XGBoost
gamma 0
max_depth 8
min_child_weight 1

33 RO

TR 4 B SHOS VI RSB AT 2R,
YIZRA5 2] A A58 80 4 0 3l 4R 25 e i A7k, 75 2]
(1 S 25 SR AN 5 R o (3 5 AR 25 RMSE
YRR ZE MAE . P RELR . FERT 4 DI 45
PRXPEAY AT B B £, Horh RMSE Tl MAE (){A %
AN, FORBBUA RO, RBESET 1, FoR
[0 (B T IR, ORI AT

RS BATARARE 0 IR dR AT
Tab.5 Comparison of evaluation indicators for

load calibration models

Xof AR R RMSE MAE R FEM/ ms
e/ ek 1.283 0.941 0.993 6.02

AdaBoost 0.779 0.605  0.997 217

XGBoost 0.463 0258  0.999 86.3

MRS AT LUE AR AR b 3 A 2 br o
BRI R IR T0.99, BEAVULG ROCR B, AR
20 0] AL 7Y AdaBoost Al XGBoost B LSRR 22 5
I T2tk 1n1 3 J5 s de /3¢, o XGBoost 152
R H 3 S PEO 48 B8 BIE T AdaBoost Al /N —5fe
W, BSRRIUEAS . FAMEFER T, Tk
EHYAERT 6. 02 ms, WA AL, XGBoost £ 8 ft
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Fig.8 Least squares regression model
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Fig.10  XGBoost regression model
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