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1. Introduction

The 6-dimensional accelerometer can sense the linear
acceleration (𝐴௫,𝐴௬,𝐴௭) and angular acceleration (𝑎௫,𝑎௬,𝑎௭) 
of the object in 3-dimensional space in the Fig. 1. It not 
only can be gained through the integral operation object in 
the location of the 3-dimensional space, but also can get 
space motion of the object, the navigation (Noureldin et al. 
2009, Meng et al. 2019), aerospace field (Santoli et al. 
2020), the robot control (Li et al. 2020), vehicle testing 
(Peng and Golnaraghi 2004), and other industrial fields, has 
significant application value. 

The 6-dimensional accelerometer in the key is to 
improve the precision of the engineering application. For 
the 6-dimensional accelerometer, both calibration data and 
test results are expected to be in a “linearity” state, while 
their “non-linearity” state will reduce the real-time 
measurement accuracy. Cross-coupling is an unavoidable 
problem of the six-dimensional accelerometer, which will 
seriously affect the measurement accuracy of the 
accelerometer. (Zhou et al. 2015), which is also one of the 
main factors for the “non-linearity” state of the 
accelerometer. Research on calibration and compensation 
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Fig. 1 Schematic diagram of 6-dimensional acceleration 

methods based on cross coupling of the six-dimensional 
accelerometers is essential to improve sensor accuracy (Lin 
and Sun 2019). The 6-dimensional accelerometer has 2 
types: one of which is the integrated 6-dimensional 
accelerometer about multiple uniaxial accelerometers 
(IMAA) (Wang and Yuan 2011), and the other one is a 6-
dimensional accelerometer for a single mass block-spring-
damping system (ASMD). There are bottleneck problems in 
the IMAA type, such as complicated calibration technology, 
difficulty in miniaturization, and serious cross-coupling. 
The ASMD type also has cross-coupling, but it can be 
further reduced using calibration and arithmetic. Therefore, 
researches on 6-dimensional accelerometer are mostly 
focused on ASMD type. No matter what kind of 6-
dimensional accelerometer is studied, it is necessary to 
study the compensation method for the cross coupling of 
the accelerometer to overcome the cross-coupling and 
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improve the accuracy of measurement. There are two 
standard compensation methods: hardware circuit 
compensation and software algorithm compensation. 
However, the hardware circuit compensation is usually 
expensive, and it is hard to completely and fundamentally 
eliminate the effects brought by non-linearity (Sun et al. 
2016). Compared with the hardware circuit compensation 
method, the software algorithm compensation is convenient, 
accurate, and flexible (Wang 2008), but the relevant 
research results of the 6-dimensional accelerometer are few. 
Chapsky et al. (2007) proposed a segmented PSD 6-
dimensional accelerometer and realized the detection of 6-
dimensional acceleration information through linear 
calibration. Zhang et al. (2021) established a cross-coupling 
model based on the six-dimensional accelerometer, and 
verified the correctness of the model by calibration 
technology.  The above results further improve the 
calibration technology of the 6-dimensional accelerometer 
but do not compensate for the non-linear error caused by 
cross coupling. The 6-dimensional force sensor and the 6-
dimensional accelerometer belong to the same category of 
multi-dimensional sensors. Wang et al. (2011) used the 
jacobian matrix to replace the initial state matrix for error 
compensation about the 6-dimensional force sensor of the 
Stewart platform, and the algorithm’s validity was proved 
by numerical simulation. Because of the interaction 
between multiple channels of the 6-dimensional 
accelerometer, the traditional neural network algorithm is 
difficult to be applied to the multi-dimensional solution of 
the 6-dimensional accelerometer. At present, the least 
square method is mainly used in the research. Zhao et al. 
(2016) used the least square method (LSM) to decouple the 
6-dimensional force sensor for the flexible joint 6-UPUR 
with a large range, and the calibration error was 2.67%. Al-
Mai et al. (2018) estimated the linear part based on the 
standard least square method (LSM) linear model for 
optical fiber six-dimensional force sensors, which reduced 
the MEAN square error to 0.53%. The above research 
mainly design for a 6-axis force sensor by the LSM of 
decoupling method, but there is no sensor cross coupling of 
non-linear error compensation. Currently, researchers 
improve the performance of sensors through algorithms. For 
example, Amini et al. (2020) optimize the patch position of 
sensors through improved genetic algorithms. In order to 
ensure that the decoding speed at the same time, adequate 
compensation of cross coupling effect to non-linear error, 
improve sensor measurement accuracy, we need to research 
online compensation algorithm based on cross coupling. 

Therefore, to compensate for the 6-dimensional 
accelerometer of cross coupling effect to non-linear error, 
improve the sensor measurement accuracy, and overcome 
the contradiction between precision and processing speed, 
this paper analyzed the piezoelectric 6-dimensional 
accelerometer principle of cross coupling based on the 
piezoelectric 6-dimensional accelerometer. Moreover, the 
online compensation algorithm is put forward given the 
cross coupling, the piezoelectric 6-dimensional 
accelerometer prototype is manufactured, and the 
calibration and tests are performed. The accuracy of the 
proposed algorithm is tested through calibration and testing. 
The algorithm compensates for the non-linear error caused 

1 2 4 5 63

 
(a) simple diagram of a six-dimensional accelerometer 
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(b) Mechanical analysis of quartz wafer units 

Fig. 2 A simplified model of the 6-dimensional 
accelerometer 
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Fig. 3 Loading direction of quartz wafer 

 
 

by cross coupling and updates the calibration matrix of the 
accelerometer in real-time to realize online compensation, 
which has the advantages of fast speed, high precision, and 
easy transplantation. The research results provide 
theoretical and technical support for the calibration method 
and online compensation technology of the 6-dimensional 
accelerometer. 

 
 

2. Cross coupling Compensation algorithm based on 
Two-level Calibration (CCTC) 

 
The structure diagram of the 6-dimensional 

accelerometer in this study is shown in Fig. 2(a). Its 
composition includes the shell (1), mass block (2), 
preloaded-bolt (3), six piezoelectric quartz wafers (4), base 
(5), electrode (6), sealing packing, and other compositions. 

Fj, Mj (j = x, y, z) is the inertial force generated by Aj, aj 
(j=x, y, z) measured for the accelerometer. f j, mj (j = x, y, z) 
is the inertial force component in the sensitive direction of 
the quartz wafer unit. According to Fig. 3, it can be seen 
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Fig. 4 3D view of the wafer distribution 

 
 

that the X(0o) tangent chip measures the normal force, and 
Y(0o) measures the shear force. The relation between the 
charge QFj (j = x, y, z), QMj (j = x, y, z) measured by the 
accelerometer, and the charge Qi (i = 1, 2,…, 6) generated 
by the six wafers is shown in the formula (1). 

 

⎩⎪⎪
⎪⎨
⎪⎪⎪
⎧ 𝑄ிೣ = 𝑄ଵ + 𝑄ଷ + 𝑄ହ ∝ ଷ଺ 𝑓௫𝑄ி೤ = 𝑄ଵ + 𝑄ଷ + 𝑄ହ ∝ ଷ଺ 𝑓௬𝑄ி೥ = 𝑄ଶ + 𝑄ସ + 𝑄଺ ∝ ଷ଺ 𝑓௭𝑄ெೣ = 𝑄ଶ + 𝑄ସ + 𝑄଺ ∝ ଷ଺𝑚௫𝑄ெ೤ = 𝑄ଶ + 𝑄ସ + 𝑄଺ ∝ ଷ଺𝑚௬𝑄ெ೥ = 𝑄ଵ + 𝑄ଷ + 𝑄ହ ∝ ଷ଺𝑚௭

  (1) 

 
According to the mechanical analysis of the quartz 

wafer unit in Fig. 4, the compound conversion formula 
between the six directions inertia force of the accelerometer 
and the quartz wafer can be obtained. Then the formula (1) 
can be converted into formula (2). 

 

⎩⎪⎪
⎨⎪
⎪⎧𝑄஺௫ = 𝑄ଵ 𝑠𝑖𝑛 𝜃 + 𝑄ଷ 𝑠𝑖𝑛( గଷ − 𝜃) + 𝑄ହ 𝑐𝑜𝑠(𝜃 − గ଺)𝑄஺௬ = 𝑄ଵ 𝑐𝑜𝑠 𝜃 + 𝑄ଷ 𝑐𝑜𝑠( గଷ − 𝜃) + 𝑄ହ 𝑠𝑖𝑛(𝜃 − గ଺)𝑄஺௭ = 𝑄ଶ + 𝑄ସ + 𝑄଺𝑄ఈ௫ = 𝑄ଶ 𝑐𝑜𝑠(𝜃 − గ଺) − 𝑄ସ 𝑠𝑖𝑛 𝜃 − 𝑄଺ 𝑠𝑖𝑛( గଷ − 𝜃)𝑄ఈ௬ = 𝑄ଶ 𝑐𝑜𝑠(𝜃 − గ଺) − 𝑄ସ 𝑠𝑖𝑛 𝜃 − 𝑄଺ 𝑠𝑖𝑛( గଷ − 𝜃)𝑄ఈ௭ = 𝑄ଵ + 𝑄ହ − 𝑄ଷ

  (2)

 
The 𝑄ଵ,𝑄ଶ, … ,𝑄଺  represent the charge of 6 quartz 

wafer units, and the 𝑄஺ೣ ,𝑄஺೤ , … ,𝑄ఈ೥ represent the charge 
of 6 directions. 

Let the coefficient matrix T of 𝑄௜(i = 1, 2,…, 6) be 
 𝑇 =

⎣⎢⎢
⎢⎢⎢
⎢⎡𝑠𝑖𝑛 𝜃 0 𝑠𝑖𝑛( గଷ − 𝜃) 0 𝑐𝑜𝑠( 𝜃 − గ଺) 0𝑐𝑜𝑠 𝜃 0 𝑐𝑜𝑠( గଷ − 𝜃) 0 𝑠𝑖𝑛( 𝜃 − గ଺) 00 1 0 1 0 10 𝑐𝑜𝑠( 𝜃 − గ଺) 0 𝑠𝑖𝑛 𝜃 0 𝑠𝑖𝑛( గଷ − 𝜃)0 𝑠𝑖𝑛( 𝜃 − గ଺) 0 𝑐𝑜𝑠 𝜃 0 𝑐𝑜𝑠( గଷ − 𝜃)1 0 1 0 1 0 ⎦⎥⎥

⎥⎥⎥
⎥⎤
  

(3) 

Let T be a cross coupling filter, then the input-output 
relationship of the sensor is 

 

Y =
⎣⎢⎢
⎢⎢⎡
𝐴௫𝐴௬𝐴௭𝛼௫𝛼௬𝛼௭⎦⎥⎥
⎥⎥⎤ = 𝑇 ∗

⎣⎢⎢
⎢⎢⎡
𝑄ଵ𝑄ଶ𝑄ଷ𝑄ସ𝑄ହ𝑄଺⎦⎥⎥
⎥⎥⎤ ∗ 𝐺 (4)

 
The loaded 6-dimensional acceleration is denoted as 𝐿𝑜௜௝, the i = 𝐴௫,𝐴௬,𝐴௭,𝛼௫,𝛼௬,𝛼௭, j = 1,2, ..., m. The m is 

the loads times, and the response output of the 
accelerometer about each direction is 𝑄௜௝ . The inverse 
matrices 𝐶௜ and 𝐶௜ᇱ of the matrix G are obtained through 
linear fitting by the least square and polynomial fitting 
method, as shown in Formula (5). 

 

⎩⎪⎨
⎪⎧ 𝐶௜ = ௡(∑ ௜ೕொ೔ೕ)ି(∑௜ೕ)(∑ொ೔ೕ)௡൫∑ ௜ೕమ൯ି൫∑ ௜ೕ൯మ         𝐶௜ᇱ = ௞బା௞భொ೔ೕା௞మொ೔ೕమା⋯ା௞೙ொ೔ೕ೙ொ೔ೕ    ∑ ൫∑ 𝑘௧𝑄௜௝௧௡௧ୀ଴ − 𝐿𝑜௜௝൯ଶ = 𝑀𝑖𝑛௡௝ୀଵ

    (5)

 
In Formula (4), i = 𝐴௫,𝐴௬,𝐴௭,𝛼௫,𝛼௬,𝛼௭, j = 1, 2, ..., m. 

The m is the loads times, and the linearity of the 
accelerometer determines the value of n. The 𝑘௡ and the𝑘௧ 
are coefficients of the polynomial fitting. Then the solution 
formula of the 6-dimensional accelerometer is as follows 

 

𝑌 = 𝑇 ∗
⎣⎢⎢
⎢⎢⎡
𝑄ଵ𝑄ଶ𝑄ଷ𝑄ସ𝑄ହ𝑄଺⎦⎥⎥
⎥⎥⎤
௧
𝐶ିଵ = 𝑇 ∗

⎣⎢⎢
⎢⎢⎡
𝑄ଵ𝑄ଶ𝑄ଷ𝑄ସ𝑄ହ𝑄଺⎦⎥⎥
⎥⎥⎤
௧ିଵ

∗ (𝐶ିଵ + 𝑘𝐶ᇱିଵ − 𝑘𝐶ିଵ)  (6)

 
Where t represents the time t, let 𝑘𝑇𝑄𝐶ᇱିଵ be the non-

linear solution output k times, and 𝑘𝑇𝑄𝐶ିଵ be the linear 
solution output k times, both of which obey the Gaussian 
distribution, then 𝑘ଶ𝑇𝑄𝐶ᇱିଵ𝐶ିଵ  also obey the Gaussian 
distribution, then K value in Eq. (6) is Eq. (7). 
 𝐾 = 𝜎ଵଶ𝜎ଶଶ𝜎ଵଶ + 𝜎ଶଶ (7) 

 
Where 𝜎ଵ and 𝜎ଶ are the variances of two Gaussian 

distributions, respectively, the K value is the update factor 
used to adjust the proportion of mixed output adaptively. 

The algorithm flow chart is shown in Fig. 5. 
 𝐶 =

⎣⎢⎢
⎢⎢⎡ 1.0312 0.6150 2.7288−3.9313 3.3444 3.05230.2188 −1.6303 −0.3704 −2.9042 −3.8070 1.6806−1.0322 1.2580 −2.2789−1.1184 0.1833 −1.12970.0039 −0.0049 −0.00310.0016 0.0006 0.0022−0.0039 −0.0001 −0.0036   0.0016 −0.0012   0.0035−0.0039 −0.0037   0.0029−0.0001 −0.0035   0.0001⎦⎥⎥

⎥⎥⎤  

(8) 
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Algorithm CCTC 
(a) Standardization 

1. The linear calibration matrix 𝐶௜ is obtained 
through Equation (5). 
2. The non-linear calibration matrix 𝐶௜ᇱis obtained 
through Equation (5). 

(b) Resolving 
Input: 𝑄ଵ,𝑄ଶ,𝑄ଷ,𝑄ସ,𝑄ହ,𝑄଺  

1. Initialize the operation and set the step size 
coefficient. 
2. Cross coupled filter is performed. 
3. The corresponding Gaussian distribution is 
obtained through 𝐶௜ and 𝐶௜ᇱ. 
4. Calculate the variance σ in two Gaussian 
distribution 
5. K value can be obtained in real-time through 
Equation (7). 
6. Equation (6) is used for iterative calculation, and 
cross coupled filtering operation is carried out 
simultaneously. 

Output: 𝐴௫௧,𝐴௬௧ ,𝐴௭௧ ,𝑎௫௧ ,𝑎௬௧ ,𝑎௭௧ 
 

 
 
3. Experiment 
 

This work mainly carries out calibration experiments 
and test experiments, through which the algorithm’s validity 
is verified. The experimental prototype of the piezoelectric 
6-dimensional accelerometer is shown in Fig. 7(c). 

 
3.1 Calibration 

 
The calibration method adopts the linear vibrostand and 

angular vibrostand with a mounting fixture to realize the 6-
dimensional acceleration loading. The calibration system is 
shown in Fig. 7. As the excitation source, the linear 
vibrostand and angular vibrostand are shown in Fig. 7(a) 
and (b), respectively. The mounting method of the fixture is 
shown in Figs. 7(h), (i), (j). In the calibration, the loads 
range of linear acceleration and angular acceleration is 9.8 
m/s2-362.6 m/s2, 17.64 rad/sଶ-335.12 rad/sଶ, with 10 
loading points respectively. Moreover, the frequency is set 
at 160 Hz. The vibrostand produces a sinusoidal signal, and 
we choose the amplitude of the output sinusoidal signal. 

 

 
Fig. 5 Algorithm CCTC flow chart 

 

  

 

 (a) (b)  

 

  

 

 (c) (d)  

Fig. 6 Least square linear fitting curve 
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The calibration method refers to the “back-to-back” mode 
in IOS 16063-21:2003(E). The installation location is 
shown in Fig. 7(k). The standard accelerometer is B&K 
(CA-YD-122 47336). The angular vibrostand uses the 
output of the vibrostand as the standard. 
 

 

 
 
3.1.1 Linear calibration 
The least-square linear fitting curve of the 

accelerometer’s output and input accelerations was obtained 
by fitting with the least square method, as shown in Fig. 6. 
In the Fig. 6, the (a), (b), (c), (d), (e), (f) are direction Ax, Ay, 
Az, ax, ay and az, respectively. The linear calibration matrix 

 

  

 

 (e) (f)  

Fig. 6 Continued 

 
Fig. 7 Experimental platform construction 
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C was obtained as shown in Eq. (8). 
 

3.1.2 Non-linear calibration 
Based on the actual linearity of the piezoelectric 6-

dimensional accelerometer in this word, the n in Eq. (5) is 
2, then 𝐶௜ᇱ is expressed as 

 

 
 ቐ𝐶௜ᇱ = 𝑘଴ + 𝑘ଵ𝑄௜௝ + 𝑘ଶ𝑄௜௝ଶ𝑄௜௝    𝑖 = 𝐴௫,𝐴௬,𝐴௭,𝛼௫,𝛼௬,𝛼௭  (9)

 
Through non-linear fitting of Eq. (5), the values 

of𝑘଴,𝑘ଵand 𝑘ଶ in 6 directions 𝐴௫,𝐴௬,𝐴௭,𝛼௫,𝛼௬,𝛼௭  are 

 
Fig. 8 Polynomial non-linear fitting coefficients 

 
Fig. 9 Comparison of non-linearity δ 
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obtained, as shown in Fig. 8. As shown in Fig. 8, the non-
linear fitting coefficient in the angle direction is much 
larger than that in the line direction. 

 
3.2 Test 

 
In the test experiment, the vibrostand with the mounting 

fixture is used to realize the single loading of 6-dimensional 
acceleration, and 10 points are tested in each direction, 
respectively. The frequency is set at 160 Hz. The output 
results of the proposed algorithm’s test response in six 
directions are shown in Fig. 10(b). The work is achieved by 
designing the LabVIEW program, and the calibration and 
measurement software is shown in Fig. 10(a). As Fig. 10(b) 
shows, when unidirectional loads are applied to the six 
directions respectively, the accelerometer can measure the 
acceleration values in the six directions, and the output of 
the main direction shows a linear relationship. Let the non-
linearity of the main direction δ in the test be expressed as 
Eq. (10). 

 δ = ∆𝛾max𝛾 ∗ 100% (10)

 
Where ∆𝛾max is the maximum deviation between the 

curve tested by the sensor and the fitting line, γ is the full-
scale output, and the non-linearity δ of the six directions 
between the proposed method and the traditional method is 
shown in Fig. 9. 

It can be seen from Fig. 9 that the non-linearity of the 
proposed algorithm in six directions is better than that of the 
traditional method, and the average non-linearity decreases 
by 2.2628%. 

In this work, the validity of the proposed algorithm is 
demonstrated by comparing the reference error between the 
least square fitting method and the proposed algorithm. The 
two algorithms test 10 points for each direction, 
respectively, so the average quotation error Quo is as shown 

 
 

in Eq. (11). 
 𝑄𝑢𝑜 = 1𝑚෍(𝑌෠௝ − 𝑌௝𝛾 )௠

௝ୀଵ  (11)

 
Where 𝑌෠௝ is the true value, 𝑌௝ is the predicted value, 

and 𝛾 is the full-scale value. 
Due to the limitations of experimental equipment, the 

total range value of the accelerometer cannot be loaded. In 
this paper, the maximum excitation value loaded in each 
dimension is selected to replace the total range value of the 
accelerometer for calculation. 𝐴௫, 𝐴௬, and 𝐴௭ take 2 m/s2 
as the total range value, and 𝛼௫, 𝛼௬, and 𝛼௭ take 2200 
rad/s2 as the total range value. The Temperature chart of the 
average reference error of 10 times of loading of the two 
algorithms is shown in Fig. 11. In the Fig. 11, the (a) is the 
temperature chart of least square, and the (b) is proposed 
algorithm. This paper compares the algorithms by 
calculating the Average Reference Error 2-Norm (ARE-2N) 
of 6 dimensions. 

 

⎩⎪⎨
⎪⎧ARE − 2N௜ = ቯ1𝑚෍ቆ𝑌෠௝௜ − 𝑌௝௜𝛾௜ ቇ௠

௝ୀଵ ቯଶi = 𝐴௫,𝐴௬,𝐴௭,𝛼௫,𝛼௬,𝛼௭         (12)

 
It can be seen from Fig. 11 that the reference error of the 

proposed algorithm in six directions is less than that of the 
least square method in the case of one-dimensional loading 
in six directions. The total ARE-2N value of the six 
directions of the proposed algorithm is 4.6309%, and the 
total ARE-2N value of the six directions of the least square 
method is 18.4291%. The total ARE-2N value of the six 
directions of the proposed algorithm is reduced by 
13.7982%. This algorithm can effectively reduce the cross 
coupling error and improve the measurement accuracy. 

  
(a) (b) 

Fig. 11 Temperature chart of average reference error 
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The uncertainty analysis of the accelerometer is carried 
out in this paper. Fig. 10(c) shows the uncertainty report. 
The calculation formula for the uncertainty of class A is 
shown in Eq. (13). 

 

𝑢௫ = ට∑ (௫ି௫̅)మ೙೔సభ௡ିଵ √𝑛 − 1൙  (13)

 
In Eq. (13), x is the measured value, 𝑥̅ is the average 

value of the measurement, and n is the number of 
measurements. 

The degree of freedom v=n-1. According to the T-
distribution, the coverage factor k is 2.26. The calculation 
formula for the expanded uncertainty of measurement U is 
shown in Eq. (14).  

 𝑈 = 𝑘 ∗ 𝑢௫ (14)
 

While improving the accuracy of the accelerometer, it is 
also necessary to ensure the speed of calculation. In this 
paper, the speed of the two algorithms is tested by 
MATLAB on the hardware platform of Intel Quad-Core i5-
4590 with a 3.3 GHz CPU and 4 GB memory. The solution 
time of the least square coefficient fitting is 0.00063 
seconds, and the solution time of the proposed algorithm is 
0.019382 seconds. Although the solution time of the 
proposed algorithm is increased by 0.018752 seconds, it can 
all realize the solution work of the piezoelectric 6-
dimensional accelerometer. 
 
 
4. Conclusions 
 

To enhance the measurement accuracy of 6-dimensional 
accelerometer, this work analyzes the cross coupling 
principle of piezoelectric 6-dimensional accelerometer and 
designs the linearity and non-linearity fitting method. The 
hybrid compensation algorithm based on two-stage 
calibration was proposed based on the cross coupling 
characteristics, and an experimental prototype of the 
piezoelectric 6-dimensional accelerometer was made. Ten 
groups of calibration experiments and ten groups of test 
experiments were carried out, as well as the calculation 
speed test of the algorithm. Compared with traditional 
algorithms, the effectiveness of the proposed algorithm is 
verified. The research conclusions are as follows: 

 
• Based on the linear vibrostand and angular vibrostand 

with 6-dimensional acceleration load, install fixture 
method for linear calibration matrix and non-linear 
calibration matrix, by the method of sensor test 
experiment at the same time, can get the accelerometer 
measurements of 6 dimensions, that through the 
vibrostand with install fixture method can calibrate 
experiment and test. 

• The proposed algorithm can measure the acceleration 
values in six directions when the single direction load 
is applied in the test experiment. The closer the non-
linearity of the test results is to zero, the better the 
linearity of the measurement results and the higher the 

measurement accuracy. The average non-linearity of 
the six directions is 0.4559%, and the average non-
linearity of the traditional method is 2.7186%. 
Compared with the traditional method, the average 
non-linearity of the proposed algorithm is 2.2628% 
lower. 

• Compared with the traditional method, the non-
linearity of the proposed algorithm decreases by 
0.1124%-0.65% in the linear direction, and the non-
linearity decreases by 3.8019%-4.2973% in the angular 
direction, indicating that the cross coupling of the 
piezoelectric 6-dimensional accelerometer mainly 
affects the accuracy of the angular direction. The 
proposed algorithm can effectively reduce the angular 
non-linearity and improve the accelerometer’s overall 
measurement accuracy. 

• The total ARE-2N value of the six directions of the 
proposed algorithm is 4.6309%, and the total ARE-2N 
value of the six directions of the least square method is 
18.4291%. The total ARE-2N value of the six 
directions of the proposed algorithm decreases by 
13.7982%, indicating that the proposed algorithm can 
effectively improve the measurement accuracy. 

• The fitting solution time of the least square coefficient 
is 0.00063 seconds, the solution time of the proposed 
algorithm is 0.019382 seconds, and the solution time 
of the proposed algorithm is increased by 0.018752 
seconds. Due to the feature fusion and online update of 
the algorithm processing, the processing steps are more 
than the traditional method, so that the solution time 
will be increased. However, all of them can realize the 
real-time solution of the piezoelectric 6-dimensional 
accelerometer. 
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