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A new measurement noise estimation method for
autoregressive and moving average modeling
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Abstract: In the existing autoregressive and moving average (ARMA) modeling methods, only the higher-order mea-
surement autocovariances are used to form the Yule-Walker equations, so that the estimation accuracy of measurement
noise variance deteriorates due to the unemployment of low-order measurement autocovariances. Moreover, if the AR
order p is not greater than the MA order ¢, the measurement noise variance cannot be estimated in the existing methods. To
deal with this problem, we propose a method for estimating the measurement noise variance independently. In this method,
the ARMA model is first approximated by a higher-order AR model; then, the Yule-Walker equations of measurement
autocovariances are formed with orders starting from one. Because of the full use of statistical information, the estimation
accuracy of the measurement noise variance is improved. This not only lays the foundation for improving the accuracy in
estimating AR and MA parameters, but also solves the problem occurred when the AR order p is not greater than the MA
order ¢. Simulation and experiment results validated the effectiveness of the method.
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Table 1 The estimated values of o

ov 0.5 1 2 3
2.3) I f@ﬁ 0.4976  1.0068 1.9926 2.9589
FRAEZ 00213 0.0299  0.052  0.063
G.3) AT }Qﬁ 04977 1.0013 1.9799  2.9949
FYEZ 0.022  0.0283  0.0513  0.0656
N YME . . . .
e A’\J{ﬁ‘ 04962 09904 2.0047  2.97
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viation from true value, SDT)F1i% %34 /5 #ll(average
sum-squared error, ASSE){F 4 H. 1 VERE I VEM 45
b, FARE X% 2 2% SR (8]

24T 7R g N A SC 7 5 ARMAGS, 2),
ARMA(4, 3)F1IARMA(6, 4)53 MR IR A 25 IR,

I ARMA(3, 2)FTARMA (4, 3)f d A 45 5 5
MR [SIHEAT T 0F L. f A e HOE s T SOk
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PRI Ik, S b ISF B B H SR (8170 1) 45 3L, R xS
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Table 2 The estimated results for ARMA(3, 2)

(3,2) ATk SCHR 81732
ZH FUH il SDM SDT fitifE SDM SDT
al —-0.579 —-0.568 +0.023 +0.023 —-0.575 £0.023 £0.024
a2 —0.442 —0438 $£0.023 £0.025 —-0.443 £0.025 £0.025
as 0.769 0.757 +0.020 £0.024 0.777 +0.027 £0.028
by —0.494 —-0481 £0.079 £0.060 —0479 £0.059 +£0.061
bo 0.297 0.304 +0.124  £0.067 0.315 +0.071 +0.082
ASSE/dB —27.03 —21.18
& 3 ARMAM@, IER S it R
Table 3 The estimated results for ARMA(4, 3)
4,3) ATk SCHR 81732
4 FLAH il SDM SDT ftifE SDM SDT
a1 —0.660 —0.645 +0.033 £0.039 —-0.660 £0.027 =£0.027
a2 0.385 0.377 +0.023 £0.027 0.385 +0.036 £0.036
as —0.646 —0.630 +0.032 £0.033 —0.650 £0.040 =£0.040
a4 0.739 0.715 +0.020 +£0.035 0.750 +0.034 £0.036
by —0.531 —-0.521 +0.082 £0.082 —0.508 £0.061 =£0.079
bo 0.219 0.247 +0.046 £0.048 0.208 +0.079 £0.088
b3 —0.416 —0408 +£0.101 £0.106 —-0.394 £0.070 =£0.080
ASSE/dB —24.52 —22.55

K 4 ARMA(6, YRR S pEH 45 R
Table 4 The estimated results for ARMA(6, 4)

Z4 B {4 SDM  SDT
a1 —08 —0.691 +0.098 +0.120
as 0.442 0352 +0.088 %0.115
as 0.165 0202 =40.063 +0.069
ay 0368 0328 +0.065 +0.075
as  —0477 —0437 £0.085 +0.088
ag 0303 025 +0.056 +0.068
by —0.299 —0.192 £0.106 %0.123
by 0414 0396 +0.108 +0.109
bs —0279 —0.274 +0.104 £0.104
by 0497 0412 £0.100 +0.129
ASSE/dB -19.8
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—22.55dBf% S —27.03 dBFI1—24.52dB, % Z 77 5l
B 15.85dBAI11.97 dB.
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Table 5 The ASSE values of three ARMA
models with different SNR values

SNR/dAB -5 0 5 10 15
(3,2) —21.31 —27.03 —30.29 —32.61 —35.25
4,3) —19.85 —24.52 —27.21 —28.89 —33.04
6,4) —1293 —19.8 —23.55 —24.04 —26.71

_10 T T T
- —~ARMAG, 2)
B RN - ARMA(4, 3)
8 20 S -+ ARMAC(6, 4)
B a5k S, MTTTm R~
m25F NG, Tm=a
2 30
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Fig. 3 The ASSE values of three ARMA models vs
SNR values
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4 SEBR N H(Applications)

h T B UE AR SR A I R T 2 T vk
(A 0, 56T S0 S BRAT 1 — Sl i & H 45 ikl
5 . JG(inertial measurement unit, IMU) 4T A5 %€ 5K
5, IMUAH =4t & 5290 20 il an B4 IS P, 3L
rh 21 IMU ) B B8 A%k 56 EIBELA & QRS 147
£GP BT R BE AR, i B T4 2€ [FIC Sensors /A
F 314078 F& B A B v SEge R I, — AN
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AL [P o 25 4L
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Fig. 4 The picture of the tested IMU

5 ZHhE A LR T
Fig. 5 The picture of the three-axis rotary table
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Table 6 The estimated results for the tested gyroscopes
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Fig. 6 The compensated results of the gyroscopes
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Table 7 The compensated results by ARMA
modeling

A S RICT
((°)s™h (°)s™h

JREEMI 1.8968  0.1464
HARME —0.0524  0.1459
CRR[81TVE  —0.0524  0.0418
AT —0.0524  0.0158
JEEARI 1.8383  0.3092
B —0.0167  0.309
SRR 817 —0.0167  0.0318
A —0.0167  0.0272
JREEMI —0.0451  0.2083
EARME  —0.0395  0.2085
CRR[81J7VE —0.0395  0.0174
AT —0.0395 00118

5 458 (Conclusions)
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