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Abstract: For long time, the takeoff and landing control of airship was worked by human handling. With the development of the
autonomous control system, the exact controls during the takeoff and landing were required and lots of methods and algorithms
were suggested. This paper presents the result of airship take-off and landing by buoyancy control using air ballonet volume
change and performance control of pitch angle br stable flight within the desired altitude. For the complexity of airship's
dynamics, firstly, simple PID controller was applied. Due to the various atmospheric conditions, this controller didn’t give
satisfactory results. Therefore, new control method was designed to reduce rapidly the error between designed trajectory and actua
trgjectory by learning algorithm using an artificial neural network. Generally, ANN has various weaknesses such as large training
time, selection of neuron and hidden layer numbers required to deal with complex problem. To overcome these drawbacks, in this

paper, the RBFN (radial basis function network) controller developed.
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1. INTRODUCTION

Ballonet of non-rigid type airshipsis expanded or shrunk by
changing of pressure height. Ballonet is stressed by internal

pneumatic expansion or shrinking due to rising pressure height.

If it is not emitted gas from the air ballonet when airship
climbs, hull of airship is suffered large stress. On the contrary,
when airship descents the hull of airship is suffered the stress
by shrunken gas. And it is hard to maintain shape of airship.
So, most of the non-rigid type airship applies ballonet system
such asfig. 1. An air ballonet acts to inhale or to flow out air
by changing due to expanding or shrinking internal gaseous
volume. In this paper, pressurizing capacity is calculated and
estimated the volume flow late. And then that result used in
the altitude control. Finaly, control of pitch angle for stable
flight is performed within the desired altitude. For the
complexity of airship's dynamics, firstly, simple PID
controller was applied. Due to the various atmospheric
conditions, this controller didn’t give satisfactory results.
Therefore, new control method was designed to reduce rapidly
the error between designed trajectory and actua trajectory by
learning algorithm using an artificial neural network.

Hellium Ballonet

Air Ballonet

1/0 valve
Pressure Sensor

fig 1 Airship Ballonet system

2.AIRSHIPBALLUNET

2.1 Pressurizing Capacity
Pressurizing capacity means the bulk of air or gas to flow
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out or supply per unit time. All gas relation formulais derived
in ESDU 68046, because ESDU 68046 provides tables of the
properties of the International Standard Atmosphere. First of
adl, the volume change of helium and that of air ballonet
relations to atitude was derived of based on following Gas
Law.

PVo _ RV
0Y0 _ "sVs (1)
TO Ts
subscripts,
o = Standard condition at sea level
s = Properties relation to height
The temperatures used in following formula are in °K

where the ice point is 273.15° K . Atmospheric properties are
defined by temperature-height profiles with the genera
formulg;

Tg =Tg + AxH 2
here, Ty = 273.15°K (temperature at sealevel)
A = -0.0065 (temperature gradient)

The pressure P at a pressure height H |, is given by
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here, Py = 101325 N/mn?
go = 9.8 m/s?
R, = 287.05287 N xm/kgxK
Heium and air volume change are rewritten as egn. (4).
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By the egn. (4), internal pneumatic expansion and shrinking
volume can be calculated and then the volume flow late of air
required determined as egn. (5).

Q _ (D‘/gellium+ DVair),
vol—T

here, ROC =3m/s (the rate of climb)
Using above gas egn. (1)-(5), volume flow late for 11m-

ROC )

airship was calculated asfig 2.
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fig 2. Air volumeflow rate per unit time

Fig 3. is a pressure height and lift relation curve. The dot
line is the case of no emission and solid line is the use of
emission. Known from the figure, the net lift is increased
maximum 13% by the air emission. Because 11m-airship is
limited by air ballonet volume, lift change is not occurred over
height 880m.
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fig 3. Lift variation

3. AIRSHIP DYNAMICS

3.1 Longitudinal dynamics

In this section we briefly review the basic nonlinear
dynamic model representing the airship. The equations of
motion in this paper are referred general dynamics.

Airship dynamics are a complicated with the 6-degree of
freedom, but in this paper only used 2axis force (axial and
norma force) and pitching moment equation because of
researching motions of a longitudinal direction. It assumed
that thruster was symmetric and generated the same magnitude
in port and starboard. The dynamic equations applied this
study are asfollows.

myU +m,gw- m rv- max(q2 +r2)+(maZ - )Q(q)q+mazpr
=X

ext
M+ my pv- mqu - (May - Zg)q +ma,rp- ma,(p® +0%)
= Zext

i@+ Pr(lc- 122) + 1 (p?- 1%) - ma (v + pv- qu) ©
+ ma (U+ qw- rv)- Mati- My =M gq

Xe¢ = Xp+l 3 (W- B)+2T cosm

Zot =Zp+133W-B)- 2ZTsnm

Mee =Ma +(1 318, - | 338, )W

+2T(d, cosm- d, sinm)

Here, W is airship’ stotal weight, B is buoyancy force, | j;is
direction cosine vector components and T is the thrust that is
located in gondolahaving m angle to the horizontal axis.

In takeoff and landing procedure, airship height is
essentially affected by buoyancy change and @ntrol surface
input to control attitude doesn’t applied. A velocity and an
attitude control are performed after climbing.

3.2 Motor & control system block diagram
The motor composing a pressurizing system can be
represented using a general dc motor dynamics.

Ktiav )
R, a

Infim+ (0 +K+R'Z‘L)qm =

where, b=0.001 [N xm>xg]
Ki =1 [Nxm/A]
Kq = 0.02 [V
Ry =10 [W
J =001 [kg>m?]
Control system block diagram is shown fig 4. The main

control concept is to minimize an error with a designed
reference input.
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fig 4. Total closeloop block diagram (without controller)

Here, ey is height error between desired latitude and
output and &, is pitch angle error. L is lift after emission by
motor control.

4. DEVELOPMENT OF NEURAL NETWORK
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Fig. 5 illustrates an RBAN with inputs Xq, .., X, and

output y. The arrows in the figure symbolize weight value
parameters in the network. The RBFN consists of one hidden
layer of basis functions, or neurons. At the input of each
neuron, the distance between the neuron center and the input
vector is calculated. Then, the output of the neuron is got
applying the basic function to this distance. The RBFN output
is formed by a weighted sum of the neuron outputs and the
unity bias shown.
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fig 5. RBFN basic concept diagram

The architecture of RBFN is determined from the learning
algorithm itis used. Considering the size of the training set we
have, the function newrb in MATLAB Neural Network
Toolbox was adopted. This function iteratively creates aradial
basis network, one neuron at a time. The weight value of the
neuron is one sample in the training set. Neurons are added to
the network until the sum-squared error falls beneath an error
goa. In our application, Gaussian functions were utilized as
the radial basis functions for the hidden layer neurons. The
most important parameter to design a RBFN is the bias for the
radial basis neurons. The bias should be small enough so that
the active input regions of the radial basis neurons overlap
enough to make the network function smoother and results in
better generalization for new input vectors.

Meural Network | )
Controller ]

Delays 1

fig 6. System block diagram with RBFC

However, bias should not be so small that each neuron is
effectively responding in the same, large, area of the input
space. Therefore, the similar cross-validation procedure was
applied to choose an appropriate bias for each network in
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primary and secondary fault modules. After al the parameters
were determined, the networks were trained and tested. In this
paper, spread of radial basis function was set 0.2 and mean
squared error goa is 0.02. The weight and biases of each
neuron in the hidden layer define the position and width of a
radial basis function. The number of hidden layer is one and
the layer has 9 neurons.

5 SIMULATION RESULTS
If rate of climb and descend isset to 3m/ s, it hasto inhale

and flow out the air a mount of 0.016 m® per second in take
off and landing procedure of airship. The value of variables
and parameters used airship is setas Table 1.

Table 1. Value of variables and parameter

Varidble Vdue
Length [m] 11
Width [m] 3.6
Weight Ballonet 20
kgl Control surface 45
Gondola 20
. 3 Helium 39.15
Initial Volume [ m®] Air 4.35
(19 151.56
InertiaMoment | W 248.35
[ kgxm’] 1, 201.44
| 0.867
PID control method was compared with RBFN in

simulation. The desired atitude of 1lm-airship is 400m,
attitude control for stable flight must to be assured the
performance for the additional purposes (filming, observation,
etc.) in this dtitude. In fig 7, 2 method of control to climb to
400m was shown good results that PID controller is better
than RBFN (from climb to cursing flight) to maintain the
altitude.

To design PID controller, let the error value € be the

difference the reference value y, from current velue y, and

use the control input u to minimize the error. Table 2 is
shown PID controller gain values.

€=Yyr-Yy
(O = K pe(t) +K; (et + Ky &2
dt
Here, K, isthe proportional gain, K; the integration,
and Ky the derivation. Take the Laplace transfer of Eq.(8).

ﬁzKp(TdSﬂJrfls) 9

®

e(s)
Table 2. PID Controller Gain Value
K P T; Ty
10 5 0.5

But fig. 8 is shown the different results for the pitch angle to
maintain the target atitude. In the case of PID controller, pitch
angle rapidly changes and doesn’t recover to target value (0°).
But RBFN controller traces the reference value. In the fig. 9,
AOA (Angle of attack) shows the similar results compared
with those of the fig. 8.
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fig 9. Variation of AOA (Angle of attack)

6. CONCLUSION

In this paper, firstly, pressurizing capacity to keep hull shape
and internal pressure is calculated. With this, air volume for
inhaling or emitting by ROC (the rate of climb) is computed.
And then controller is designed to keep the desired atitude by

two methods (PID, RBFN).

PID controller is better than

RBFN (from climb to cursing flight) to keep altitude, but pitch

angle and AOA rapidly changes and doesn’'t follow
reference value. Therefore, RBFN is more stable method
the altitude control.
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