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Abstract Agricultural unmanned helicopters have become a
new paradigm for aerial application. Yet, such agricultural
affordable attitude
systems. Therefore, this study presents an affordable attitude

helicopters require easy and control
measurement system using a DCM (direction cosine matrix)
algorithm that would be applied to agricultural unmanned
helicopters. An IMU using a low-cost MEMS and an algo-
rithm to estimate the attitude of the helicopter were applied in
a gimbals structure to evaluate the accuracy of the attitude
measurements. The estimation errors in the attitude were deter-
mined in comparison with the true angles determined by
absolute position encoders. The DCM algorithm and sensors
showed an accuracy of about 1.1% for the roll and pitch
angle estimation. However, the accuracy of the yaw angle
estimation at 3.7% was relatively larger. Such errors may be
due to the magnetic field of the stepping motor and encoder
system. Notwithstanding, since the intrinsic behavior of the
agricultural helicopter remains steady, the determination of

attitude would be reliable and practical.
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Ho Be A 2HES0] Bolsly) oo WA ], A%
A, A4 5o AHgAe] B Ao} Bl
ATk olHg AEHE A 7P 7]do] He A Z}Hl—é—
Ao Aojels AoA, AAE Aojalr] ar
EAlY AAE FHse AHSEAR7E dasitt. MEMS
78] deke] wak x7te] A AMES o8t AASF
AAANE FHole AFEC] s P Urk(Bae et
al, 2014). 4 AN 2 QA7) AN ool A4S
=] (AHRS attitude and heading reference system)= 2 <
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al., 1997).
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H A 2 F &ste] s AAE ALts=
A S g2 ol 2eu o]H gk AAMSEEAE A4 AME
o] ZHAgEE AN o @7t FAEo] Al Aol w4
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Table 1. Specifications of 3-Axis Digital Compass (HMC5843,
Honeywell Ltd., USA)

Parameter Test Conditions Min. Typ. Max. Unit
AVDD Referenced 25 33 v
Supply toAGND
voltage DVDD Referenced
to DGND 1.6 1.8 2.0 v
Field Full scale-total
Range applied field - T4 gauss
Measurement Output Rate=50 Hz 10 msec
Period (10Ha typ.)
Mag Dynamic 3-bit gain control +0.7 £1.0 £4.01 gauss
Range
Bandwidth —-3dB point 10 kHz
Resolution AVDD=3.0V, GN 7 m-gauss
Operating Ambient 30 185 °C
temperature

Figure 1. 9-DOF IMU-AHRES module (Sparkfun, SEN-09623, Boulder, CO. USA).
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Figure 2. Gimbals structure and AHRES arrangement for measuring attitude.
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Figure 3. DCM block diagram (Premerlani and Bizard, 2009).
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Figure 4. Flow chart of attitude estimation using DCM theory.
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Figure 5. Attitude estimation program using LabView.
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Figure 6. Comparison of roll angles measured by encoder and estimated
by AHRES.
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Figure 7. Comparison of pitch angles measured by encoder and
estimated by AHRES.

40

30 A

Estimated yaw anglel
——— Measured encoder angle

20 A

10 4

0 -

-10 4

Yaw angle (deg)

-20

-30

40

0 10 20 30 40
Time (sec)

Figure 8. Comparison of yaw azimuths measured by encoder and
estimated by AHRES.

Table 2. Deviation of determined attitude from encoder data

Motion Average (deg) RMS (deg) Accuracy (%)
Roll 0.51 0.83 1.08
Pitch 0.47 0.82 1.11
Yaw 7.32 10.9 3.65
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