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Abstract The precision aerial application of agricultural
unmanned helicopters has become a new paradigm for small
farms with orchards, paddy, and upland fields. The needs of
agricultural applications require easy and affordable control
systems. Recent developments of MEMS technology based on
inertial sensors and high speed DSP have enabled the fabrication
of low-cost attitude system. Therefore, this study evaluates inertial
MEMS sensors for estimating the attitude of an agricultural
unmanned helicopter. The accuracies and errors of gyro and
acceleration sensors were verified using a pendulum system. The
true motion values were calculated using a theoretical estimation
and absolute encoder measurement of the pendulum, and then the
When
comparing the sensor measurements and true values, the errors were
determined to be 4.32~5.72%, 3.53~6.74%, and 3.91~4.16% for the
gyro rate and x—, Thus, the

sensor output was compared with reference values.

z— accelerations, respectively.
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measurement results confirmed that the inertial sensors are
effective for establishing an attitude and heading reference system
(AHRES). The sensors would be constructed in gimbals for the
estimating and proving attitude measurements in the following

paper.
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ANEA ZHES AR AlA, 7= Al 22 MEMS Al
MEZ AU olgld A AXES A SAC &
sto] FAlO] B AEESS FiL o] B ARES ol &8
A4S AAHETHHeo, 2009; Kim, 2010).
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Table 1. Specifications of yaw rate gyro sensor', and roll and pitch gyro sensor’ used in the experiments

Parameter Test Conditions Min. Typical Max. Unit
Measurement range 4x OUT (amplified) +300 °/sec
g OUT (not amplified) £1200 °/sec

e 4x OUT (amplified) 3.33 mV/’/sec
Sensitivity OUT (not amplified) 0.83 mV/%/sec
Sensitivity change Delta from 25°C (LY530ALH) 0.05 %/°C
vs. temperature " (LPR530AL) 0.03 %/°C
Zero-rate level change Delta from 25°C 0.05 °/sec/°C
vs. temperature
Bandwidth 140 Hz
Operating temperature range -40 +85 °C
1, LYS30ALH.

2, LPR530AL, ST Microelectronics Co.
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Table 2. Specifications of acceleration sensor' used in the experiment

Parameter Test Conditions Min Typical Max. Unit
Measurement range User selectable +2 4,8 16 g
Output Resolution Each axis .
. . 10 Bits
All g Ranges 10-bit resolution .

. 10 Bits
+2 g Range Full resolution .

. 11 Bits
+4 g Range Full resolution .

. 12 Bits
+8 g Range Full resolution 13 Bits
+16 g Range Full resolution
)S("'“S‘gmyzat 42 g, 10-bit or full resolution 232 256 286 LSBlg
X"‘“’ Y"“" Z"“‘ +4 g, 10-bit resolution 116 128 143 LSB/g
X"“" Y"“" Z"“‘ +8 g, 10-bit resolution 58 64 71 LSB/g

oub oub out +16 g, 10-bit resolution 29 32 36 LSB/g
-outs Youls Zoul
Sensitivity Change +0.0 %/°C
vs. Temperature
Measurement Rate User selectable 6.25 3200 Hz
Operating Volume Range 2.0 2.5 3.6 \Y%
Operating Temperature range —40 +85 °C

1, ADXL345, ANALOG DEVICES Co.

Figure 1. Pendulum experimental setup (a) and absolute encoder (b) for
evaluation of gyro sensor and accelerometer.
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Figure 2. Dimensions of pendulum for estimating theoretical angular
velocity and accelerations.
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710l =& o]E3k Al |83kt 2
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H
L mgL <
©0=-0,,, %( 18 ey, 3) E
I 1 g
g
where, 3

a. Acceleration of x direction (m/s®)

a,: Acceleration of y direction (m/s?)

Ip: Mass moment of inertia (2.7092 kg - m?)
L: Distance of sensor from pivot (0.78 m)
L,: Distance of G from pivot (0.4672 m)
g: Acceleration of gravity

0: Angle (rad)

m: Mass (9.4904 kg)

®: Angular speed (rad/s)

Omax: Maximum angle of pendulum (rad)
t: Time(s)

 AdoMe AR A2 AR Ad g AEd ofaiA
?1¢] Equations(2)¢} (3)= 9] Equations(4)2t (5)% “8e
Elavi=
a,=-gsinf+1.2766g0
az=—gcos6—0.78co2 “)
©=-4.0050, _sin(4.0057) )
A3 9 3%
Ao) 2 (gyroydlA
AR Fo] &5 AFo] £15°, £30° & W) A=Y Ak, A=
o o] 93 ZH:k Equation(5)ol] &8 o]2Fo g Al
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Figure 3. Comparison of angular speeds for encoder output, theoretical
value and gyro sensor output at swing angle of £ 15°.
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Figure 4. Comparison of angular speeds for encoder output, theoretical
value and gyro sensor output at swing angle of = 30°.
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Table 3. Evaluation of angular velocities using encoder, gyro sensor and theoretical data from the pendulum experiment

Swing angle
Ratio =1 =l
Avg. deviation ~ Deviation rms Accuracy Avg. deviation ~ Deviation rms Accuracy
(rad/s) (rad/s) (%) (rad/s) (rad/s) (%)
Encoder output/ theoretical value 0.1034 0.1264 493 0.1514 0.1844 3.62
Gyro sensor / theoretical value 0.0906 0.1033 432 0.2389 0.2695 5.72
Gyro sensor/ encoder output 0.1134 0.1467 4.62 0.1902 0.2300 443

value(g)

250 3.00 3.50

Theoretical acc.-x

Theoretial acc.-z
value(g)

value(g)
D

Sensor acc.-x

value(g)

Sensor acc.-z

Time(s)

Figure 5. Comparison of x-, z-axes accelerations for theoretical value
and accelerometer output at swing angle of £ 15°.
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Figure 6. Comparison of x-, z-axes accelerations for theoretical value
and accelerometer output at swing angle of £ 30°.
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Table 4. Comparison of accelerations using accelerometer and theoretical data from the pendulum experiment
Swing angle +15° Swing angle +£30°
Axis Avg. deviation Deviation rms Accuracy Avg. deviation Deviation rms Accuracy
(rad/s) (rad/s) (%) (rad/s) (rad/s) (%)
X 0.00523 0.00582 3.53 0.02243 0.02508 6.74
0.00534 0.00656 391 0.02030 0.02716 4.16
Aol 2% W 2150 L £30%] e x- L 250 b ES, 0 AT S dAAE L% F T 8 29
&xof tist o]2%k AMFE Figures 49} 5o YERNITE o tigh RAJe] gyH T

AX7F 22 ZA] =53 mm Hold A -] AX|Ho] 2]
A4 FAZ0 thiste] 3.79° 72+ o] R Ut} o]H Y9l
o2 Fof AT 2 o AL TR MM =
o] zpol7p AR R z-Zof it M= FhollA Zo) 7t 2l
Atk dIEe] AZEY el Al Az MEH el 2
o] & olate] Wit 0.047 sec®] Al Aol ATt

2] %5 W9 150 & £30%)] tig x-F3 2= 7t
&roo] ol2gkel Ulgh Al "ol e wlwsle] Hx 2 A

SE Table 49 UERNAE WAF] 11Ze) Frtel| wke)

A x- 8 7% Wie ol 2gkd AAgle] BA B o Hg
o] F7Khe BTk A LEWITE £ 300ASA Wl )
@ A3} o Frhehadnh ot xF Wl vid AA gl
N gHom BE¥E delEst Ushb B} ke
AoR HAT. £ A7) AE JMEE AAe] JUEE E
Agkel oF 4% eiel AR BAET.

8 %

B ERME 7L, AXY 9 23] IMUS A8 9]
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