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Unmanned aerial vehicles

takeoff and landing, and Iow-?peed‘ﬂ)ing.
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Dynamic
model

Oc Ha KpeHa
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Kinematic model
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Dynamic model
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Structural block diagram of the

control system
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. * System generating a55|gnments IS the ba5|s of the control
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System generating assighme

algorithms. It processes the task and data by the dynamics of
guadrotor and generates the desired angles, necessary for the
performance of all the major movements, which balanced the
position error.

:fif éx = _kléx = kzex

* The movement control at the three axes is achieved by
linearization feedback type of input-output.

4 . It’s obtained the desired total force F, and the desired angles of

/ roll and pitch.
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Internal control algorithms

e At the input are submitted the desired roll, pitch and yawn
angles and the actual state of the angles. The output of the

PD controller gives the desired moments of roll, pitch a
yawh angles.




Converting to moments

e The individual moments of each of the motors is

obtained from the following relationship:

T, 4 -1/4
T 4 1/4
T 4 1/4

* After calculating the individual desired moments ¥
they are converted into current by the formula:
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* Where kris a constant torque of the motor
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Converting to voltages

\desired currents are submitted to the Pl regulator
nerates the desired voltages of each of the




W 4 Y \m\
 The assignment of the quadrotor IS posmomng at a po ni\\mt.athe =
space with coordinates x, y and z respectlvely [10,10,10] meters. w
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3D TPaBKTOPHA Ha YETUPHPOTOPHHA XeNuKkonTep

* The system performs pre-defined control objectives with high
accuracy.




[103ULMA HA XenWKONTePa No Xy U Z 0cuTe

o | ====T031upA N0 0CTa X
© | ===TloauuyaA no ocTay
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* |t is achieved a stable autonomous behavior of the helicopter at the
stabilization in space mode, with high quality transients and smoothly
execution of movements.




V13MEHEHHE Ha BITIUTE Ha KPEHa, TaHrawa 1 PUCKaHne

1
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* The transitional process again performed relatively smoothly and with
high quality.




Tok Ha MoTOpUTE

1 1

s TOK H 1ECHHA MOTOP
s TOK Hal NEBMA MOTOP
s TOK Ha MP@/IHUA MOTOP ]
s TOK Ha 30HUA MOTOP

* Currents and voltages of the quadrotor does not exceed 4 Aand 5.5V,
which presents the system in good condition for realization in real time.




Simulation experlrp

* Experiment with a few changes of assignment. Chetlrlrotornlyat
helicopter aims to be positioned at several different points in space'at
an interval of 10 seconds and landing. ;

pxd [m] pyd [m] pzd [m] psid [rad] [s]
3apgaHue 1 1 1 1 0 10
3agaHne 2 3 O 2 0.3 20
3agaHue 3 5 2 4 0.3 30
3apaHue 4 7 8 6 0.1 40
3agaHue 5 9 3 8 0.1 50
3apaHue 6 10 9 10 0.2 60
3apaHue 7 5] 6 5 0.2 70
3agaHne 8 7 7 0 0 80

=\



3D TPEEKTOPMA Ha YETUPMPOTOPHKA XenuKkonTep

* The system performs pre-defined control objectives with high
accuracy.




MO3ULMA Ha XENMKONTEPa NO Xy U Z 0CHTe

1
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s [ O3MLNA NO OCTA 'Y
s [O3MLINA NO OCTA Z

* It is achieved a stable autonomous behavior of the helicopter at the
stabilization in space mode, with high quality transients and smoothly
execution of movements.




M3ameHeHWe Ha bIMWTe Ha KPeHa, TaHrawa u puckaHue
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* The transitional process again performed relatively smoothly and with
high quality.




TOK Ha MOTOPUTE
I

1
e TOK HA IECHUA MOTOD
s TOK HA NEBUA MOTOP
s TOK HA NPEAHNA MOTOP
s TOK HA 38HMA MOTOP |

* Currents and voltages of the quadrotor does not exceed 2.5 Aand 3V,
which presents the system in good condition for realization in real time.




Conclusions

Based on the results it can be argued that the
purpose of the thesis — system synthesis for
position control of quadrotor is executed as
results are confirmed by dynamic simulation of
nonlinear closed control system.



