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Precision Calibration of Gyroscopes for Improving Dead-Reckoning
Accuracy in Mobile Robots

ANog,

M F, 0 7Y

(Jae-Pyung Ko, Jae-Mu Yun, and Jang-Myung Lee)

Abstract : This paper describes a method aimed at improving dead-reckoning accuracy with gyroscopes in mobile robots. The
method is a precision calibration procedure for gyroscopes, which effectively reduces the ill effects of nonlinearity of the scale-factor
and temperature dependency. This paper also describes the methods of gyro data collection for all ambient temperature(-40C
~+80°C) using cubic spline interpolation and defining the error function. The sensor used was a vibrating gyroscope called the
EWTS82NA21, which is low lost and commonly used in car navigation system, made by Panasonic. This angular rate sensor utilizes
Coriolis force generated by a vibrating tuning fork. The paper also provides experimental results to check the performance and the

effectiveness of the proposed method.
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Table 1. Electrical specification of gyro(EWTS82NA21).

NO Item Spec. Unit Comments
| Opemine e agsT |
Temperature
p | Opemting 54025 \%
Voltage
. d o 5
3 | Sensitivity 2542 m\;:g/ 40T~+85C
Sensitivity q
+ o ~t
4 Drift 4 % -40C~+85C
s | ZeePomt |, svio4 V| “40C~ssC
Output
Zero Point . o
+ 0 -
6 Drift 10 % -40C~+85C
7 | Dynamic +100 degfsec
Range
Zero Point
+
8 Stability 10 mV
9 Frequency 7 Hz
Response
Temperature
Dependence o 9
ot
10 of Zero Point -40~+40 mV <40C~+85C
Output
<50%sec
11 Linearity +05 % 50°/sec to
+5.0
60°/sec
12 | Startup Time 1 Sec
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Table 2. Electrical specification of temp. sensor(AD7414),

NO Item Spec. Unit | Comments
| Opertne e ippse | T
Temperature
o | Operiing 2755 %
Voltage
3 Resolution 025 T 10bit ADC
4 Accuracy +0.5 C @40°C
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Fig. 1. Gyroscope calibration tool.
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plotting gyro & temp data at Odeg/sec, temp. 262
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Fig. 2. Data output of gyro and temp. sensor@temp. 25C.

plotting gyro & temp data at Odeg/sec, temp. -40=~+805
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Fig. 3. Data output of gyro bias data for change of temperature@
temp. -40°C~+80C.
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plotting gyro data at temp -40S=~+80S , Odeg/sec
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Fig. 4. The feature of gyro data output for temp. change @0deg/sec.

plotting gyro data at temp -40=~+80% , -B0deg/sec
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Fig. 5. The feature of gyro data output for temp. change @-
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plotting gyro data at temp 40 ~+805 , 80deg/sec
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Fig. 6. The feature of gyro data output for temp. change @60deg/sec.

plotting gyro error data at angular velocity -60deg/sec ~ +60deg/sec
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Fig. 7. The feature of gyro data error for angular velocity change
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plotting gyre bias data and temperature
560 —_ .
-
555 | /g/’ ~a i
rd
e

550t 4
= /
=
5
8 sasf 4
£
e
=

o
540 N
o (
535 |- e i

s " ! n L .
5304!3 -20 o) 20 40 80 80 100
temperature(°C)

1% 10. Cubic spline B7Fe: ARE-3F xfo] 2 vlo]oj 2 Hjo]E],
Fig. 10. Gyro bias data using cubic spline interpolation.

plotting gym value data and temperature at BDdegluc
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plotting gyro value data and temperature at -30deg/sec
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