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Effect of the Number of Samples for Bias Estimation on the
Drift Error of a Gyro Sensor
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Abstract

Gyro sensors present a problem, known as drift error, due to the underlying principle by which they estimate
rotation angles. This paper reviews the effect that the number of samples used for bias estimation have on the drift
error of a gyro sensor. To this end, the drift error was repeatedly measured for five different sample number
conditions.; the results are then compared and evaluated. Results of this experiment indicate that the drift error
increase rate is lower when the number of samples for estimating the bias is larger. In particular, when the number
of samples was increased from 10 to 1,000, the average increase rate in drift error decreased by about 83.33%, and
the maximum increase rate in drift error decreased by about 90.73%. These results can be used as a reference to

select the appropriate number of samples, by identifying the relationship between precision and calibration time.
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Table 1. Specifications of MPUB050

+250, +500, +1,000,

Gyro full scale range 2000 (deg/sed)

131, 655, 32.8, 164

Gyro sensitivity (LSBldegsed)

Gyro rate noise 0.005 (mdps/rtHz)

Digital output 1’C

Logic supply voltage 1.8V+5% (V)
Operating voltage supply 2.375-346 (V)
Package size 4x4x0.9 (mm)

Top
side

Bottom
side
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Fig. 1. Appearance of the measuring system
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Fig. 2. Process flow of the measurement system
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Table 2. Experimental conditions

Number of samples 10, 50, 100, 500, 1,000
Sample collection interval about 5ms
Rotatlon angle receiving about 15ms

interval
Rotation angle reception 4,000
count
Nnumber of experiment 5
iterations
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Fig. 3. Rotation angle (Number of samples: 10)
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Fig. 4. Rotation angle (Number of samples: 50)
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Table 3. Regression coefficients for the drift errors
(Number of samples: 10)

Intercept Slope Coefﬂc!ent. o
determination
1 0.0081 0.0048 0.9930
2 0.0480 0.0074 0.9863
Round | 3 0.0145 0.0092 0.99%4
4 0.1184 0.0755 1.0000
5 -0.0061 0.0020 0.9668
Average 0.0366 0.0198 0.9891
Standard error 0.0223 0.0140 0.0061
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Table 4. Regression cogfficients for the drift errors < 79 g9 Vet TdoA sjEE
(Number of samples: 50)

Coefficient of TE HEL, ARSS sexE oA B
|ntercept SlOpe determination 7]_%% ]%E]—]{H_I;]- o %}\—% E 3’1?‘]’:1 E 777]';(]‘(;]
1 00008 | 00124 0.9992 Slope®] B ats Hlug Zlolty 3 Hels ®o
2 | 00458 | 00307 0.9998 Standard error©]t}. 1% 8|4 BE 7} U WeT
Round | 3 0.0069 0.0272 0.9998 =
2 | 0000 | 00080 09941 £ S ZE o3k Hi F7HEC] H FHoRrlte
5 | 00190 | 00181 09098 Ae & gt B2 470 109 | =2ZE
Average 0.0142 0.0193 0.9985 9] Jgﬂ Z7H8E 0019808k, ®EO| 47}
Standard error 0.0085 0.0043 0.0011 I,OOO.Q-E %7]_—3]_1%;]_ (_)_}: 1667%01] ?‘SHDO]-—E)— _E_ 00033_9_
£ 5 calze oxte] 33 A% (B 4 1007H) 2 Hoplk
Table 5. Regression coefficients for the drift errors T3 22 7 ¢ BS4E Standard error’} U
(Number of samples: 100) e AoRRE HE #6301] B2 AgEgo] o
|ntercept S|Ope dCOteﬁiC?eni_ Of ﬂq'l\:.; 7/‘1% Cx)‘z]- '/l: 9}]\]_4' ;\-“—%‘O’] '}l:7]' 10?‘:_] EH
1 0 001% e%rgﬁgl)gg on Standard errore 0.0140°] A5}, EE9] 47} 1,0002
2 | 00083 | 00011 0.7362 = Z7FeHAE oF 7.14%°l si3dsh= 0.001022 Ao}
Round | 3 | -0.0005 0.0027 0.9888 At}
4 0.0211 0.0073 0.9953
5 | -0.0000 0.0053 0.9928
Average 00053 | 00072 09425 0.04 |
Standard error 0.0054 0.0033 0.0516 = ‘ j | |
8 0.08f L
£ 6 S2|ZE 2%fe| 37 A% (B 2 500H) g L
Table 6. Regression coefficients for the drift errors Y S I A ,,,,,,,,,,,, P P |
(Number of samples: 500) g ' 1 : E
|nterce t Slo e Coeﬁlaent Of E_‘ 0.01F------- - i ____________ i. ____________ i. ___________ 4
P P determination 2 5 i
1 0.0108 0.0013 0.8411
2 0.0110 0.0062 0.9855 0 10 50 700 500 1,000
Round 3 0.0227 0.0062 0.9967 Number of samples
4 0.0641 0.0104 0.9977 J2l 8 EB|ZE Qife| W ZUIe
9 0.0173 0.0023 0.9734 Fig. 8. Average increase rate in drift error
Average 0.0252 0.0053 0.9589
Standard error 0.0100 0.0016 0.0298 0.08 ‘
E 7. S2lZE i 37 A% (B2 5 1,0007) 5 0o
Table 7. Regression coefficients for the drift errors '§n 0.06
(Number of samples: 1,000) % 0.05
Intercept Slope Coefficient of é 004
P P determination % 003
1 -0.0039 0.0070 0.9929 5 0.02
2 | 00023 | 00015 0.9628 g oo
Round | 3 0.0346 0.0028 0.9663 ‘
4 | 00347 | 00037 09818 0 10 50 100 _ 500 1,000
5 | 00016 | 0.0016 0.8535 Number of samples
Average 0.0123 0.0033 0.9514 Jgl 9 EB|ZE X9 M) IS
Standard error | 0.0091 0.0010 0.0251 Fig. 9. Maximum increase rate in drift error
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