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A study on the Optimal LQR Controller Design of

Remote Pilot Helicopter using Boltzmann machine

Hak Sic Han

Department of Control and Instrumentation Engineering
Graduate School of

Pukyong National University

Abstract

This paper designs the optimal LQR controller for a 2 DOF helicopter
with pitching(elevation) and yawing(azimuth) motion.

Helicopter dynamics have many nonlinear elements and also it is
difficult to obtain a complet mathematical model including dynamics and
forces generated by the helicopter. Therefore the methods used to
design a controller of the system were a parameter estimation. This
paper deals with an optimal LOR controller design to control the
helicopter elevation and aimuth angle efficiently.

To obtain the controller, this study is proceeded the following 3 steps.
First, the nonliear dynamics equation of the helicopter motion is
linearized. Sencond, state weight matrix(Q) is selected by the
Boltzmann machine which is one of the neural network theory. Finally,

optimal LQR theory is applied to design the controller of the svstem.



The simulation and experiment results show that the designed
controller improve the response and settling time for the system step

input to be compared the conventional LQR controller.
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Table 1-= A2 FEH F29 s=do] A4de el Aojtd, o7 F
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Table 1. Helicopter parameter

Subsystem Parameter ) value Units
" Torque constant (1.51 oz-in/Amp) 0.0107 |Nm/Amp
~ Armature Resistance 0.49 0
Pitch o Maximum voltage 15 Volt
Motor Maximum current 7 | Amp |
Mximum continuous current 4 Amp
Weight 275 gm
Torque constant (1.6 oz“'in/Amﬁ) 0.0113 |Nm/Amp
Armature Resistance 1.6 2
Yaw Maximum voltage 6 \(’_olt_ _
Motor Maximum current ‘ 2 Amij |
Mximum continuous current 3 Amp
L Weight | 15 | em
- TOtaﬁl—‘ Weightr(ncludes__ counterweight) 985 gm
B _ Counterweight 150 gm
~ Total length 558 | em
Body e o :
Distance from pivot to Pitch motor(Rp)| 20.3 cm
Distance from pivot to Yaw motor{(Ry)| 159 cm
Distance from bottom plate to pivot(h) 5.7 cm
Pitch Diameter 280 mm
Propeller pitch o 178 N mm
Yaw Diameter 203 mm
Propeller Yaw 152 mm
T Resolution(deg per count in T
Encoders 0.087912| Deg/#
Quadrature)




] (D3 Zo] pitchZt 3 yawZhel] digh 232 o

& mAste WA

%

ohelel 3717 A}

o O
= 1o

2 11, pitchZt 2} yawzbel gk =

g

of

=
==

1) 28 od w5 $AHLE pitch 53+ yaw

=9 3ol

i
ol

1

£

Ao} F

ahi

e ol ofsia A

)
o

tHOL.

B
il

o 7%

ruzel

W

s}

o
T

< pitch axis

>

Horizontal axis

Fig. 2 Two-DOF diagram of a helicopter

]M)ﬁ-l— Bbp

R.Fy= Mg(hsin(p) + R.cos() + Gy(z,, )

RF+ Gy(t,)

)

Syt Byy



Table 2%= Fig. 2¢] 2 AH 5 g H
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Table 3. DSP Board specification

3 = A} o
rdw TMS320C32
CPU -
Clock Speedr b0MHz
Size 128KB
ROM : )
BUS Width 8 bit
Size 256KB
RAM BUS Width 32bit
B Access Time No wait
PC Interface PCI 21

Table 4. DSP Board interface specification

3 = AL
B Channel & ch
Analogue | Sampling Rate 100K SPS(Samp]es/Second)__
Input Resolution 16 bit
Input Range -10 ~ 10V N
~ Channel 4 ch
Analogue Settling Time 10 gs
Output Resolution 16 hit |
QOutput Range 7 -10 ~ 10V N
Digital Channel 8 ch
Input Isolation Photo Coupler
Digital ) Channel 8 ch
Qutput Isolation Photo Coupler |
Encoder Channel 4 ch
Input .. Resolution | 1x, 2x, 4x
WM Channel 2 ch
Output Level 256 Level
Range 0 ~ 5V

..23_
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Fig. B.3.1 MFT Structure
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