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Multi-layer sensor IMU array data fusion method for PDR positioning system

Liao Yazhen Liu Yu Zhang Ligiang Li Hu Gong Xiaolin

(School of Microelectronics, Tianjin University, Tianjin 300072, China)

Abstract: In order to improve the positioning accuracy of pedestrian dead reckoning ( PDR) for low-cost inertial measurement unit
(IMU) arrays, this paper proposes for the first time the use of multi-layer perceptron (MLP) to achieve algorithms for low-cost IMU
array data fusion. The measurement data of the IMU array (including triaxial acceleration and triaxial angular velocity) and the
measurement data of the high-precision IMU are obtained by synchronizing the motion of the self-designed IMU array and the high-
precision IMU, and the measurement data of the high-precision IMU is used as a label. The MLP fuses the measurement data of the IMU
array, predicts the actual acceleration and angular velocity of the object, and uses the positioning algorithm to verify it. In the
localization experiment, the PDR localization accuracy using the prediction data fused by MLP is 33.9% higher than the PDR
localization accuracy using a single IMU measurement data; it is 20. 8% higher than the PDR localization accuracy using the simple
average processing IMU array measurement data; it is 11.6% higher than the PDR localization accuracy using the IMU array
measurement data fused by the least square method, which proves the feasibility and effectiveness of the method proposed in this paper.
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Fig. 1 Low-cost IMU array positioning framework
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Table 2 MSE between predicted, reference
data and true values

Xfom  YHED ZEgn XEfmo YA Z i

1% 09024 2.3877 1.6232 0.0081 0.0064 0.0057
2% 1.0270 2.6622 2.2179 0.0218 0.0115 0.007 4
3% 0.9910 2.6091 1.6591 0.0207 0.0109 0.006 6
4% 0.9900 2.7022 1.7595 0.0215 0.0122 0.007 5
T 0.8946 2.4333 1.6400 0.0119 0.007 1 0.0059
KF 0.8383 2.2348 1.3490 0.0100 0.0069 0.004 8

LS 0.7535 2.0067 1.1865 0.0077 0.0065 0.0042

BP 0.7975 1.9784 1.2085 0.0107 0.0059 0.004 1
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MLP2 0.6310 1.4603 0.5952 0.0080 0.0043 0.0014
MLP3 0.5948 1.4052 0.5543 0.0072 0.0040 0.0016
MLP4 0.5324 1.2032 0.4732 0.0050 0.0038 0.0012
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Table 3 MSE between predicted value,
single IMU data and true value
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1% 0.6230 1.5698 1.4085 0.0086 0.0066 0.005 2
2% 0.7348 1.9863 1.8678 0.0095 0.0115 0.004 8
3% 0.8056 1.7894 1.7904 0.0104 0.007 8 0.004 2
4% 0.7764 2.0747 1.5670 0.007 8 0.008 4 0.006 3
MLP2 0.4840 1.1631 0.6442 0.0069 0.0046 0.0018
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Table 4 Average TTD error at the end of each scheme and

MSE of each vertex (dl, d2, d3 and d4 represent

four rectangular vertices)

VES dl d2 d3 d4 TTD =2/ %
%L 0.7032 1.4852 1.1035 1.9304 0.76
FE2 21233 53210 3.8054 3.6485 1.15
T3 1.9233 4.5820 1.9286  2.790 2 0.96
T4 0.9023 2.4698 1.5209 2.2316 0. 86
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