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Abstract

Firstly, a novel structure of indoor quawtor airship is proposed toovercone the
traditional indoor airship shortcomirgsuch as poor balance and lack of buoyaityhis
paper. The kinetic model is estalfisd accorithg to the design structure and flight
characteristicsby the principle of Newtonian mechanics and the laws of physies force
analysis on the quarbtor airship, including gravity buoyancy aerodynamic wind
resistance propeller force etc. Secondly binding Kinetics model, the outer loop position
controller and the inner loop attitude controll@re designed based othe PID control
algorithm. The outer loop position controller includes tastaneous position and velogit
while theinner loop attitude controller includes body angular velocity, Euler angular velocity
and Euler angles.The simulation platform isdesignedby using Matlab/Simulink. The
simulation results demonstrate the correctneshefiynamic model and the effectiveness of
the control methodFinally, according to the PIBs effecton timevarying system and
nonlinear system is not very well perfeste adoped Lyapunov stability theorerand
backsteppin@lgorithmto design the controller andivides the whole system into two
return circuits and eactxircuit are divided into threesecondorder systems which
reduceorder numberof controller effectively And thecontrol algorithm achieved good
results.

Keywords:Quad-Rotor, airship,adaptive contr PID

1. Introduction

Indoor airship is a kind of aerostats which is different from the -aigjtude large airship.
It is featured by small sizalistinctive appearanceovel structure, low altitude and slow
flight. Although there are many advantagesh it, it also hassomedisadvantagesuch as
poor balance, low stabilitgndlacking of buoyancyQuadrotor airshipés shown inFigure 1)
,draw lessonsrém the structure ofjuadrotor helicopter diminating the tail rudderfour
rotors as direct source of power satisfitek airdip rise, fall, invertedflight, as well as
forward flight Because of thosgtructure, Quadrotor airshipis morecompactwith greater
lift force, flexible control,and it also has othexdvantagesuch asstrong maneuverability,
safety and reliabilityflight stability, vertical takeoff and landingetc [1].
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Figure 1. Schematic diagram of the Quad -Rotor airship

In recent years, as high altitude large airship has special strategic significance and wide
application prospec{2], more and more countries have focused on the stimys Dynamic
model was established, and the relevant control system was designed, too, but there is still
few research data about indoor shaped airship. In the model data of blimp, the structure and
cortrol system are similar to the high altitude airsfipe structureof the quaerotor airship
is differentfrom thetraditional airshigout similar tothe quadrotor helicopter

The paper takethe quadrotor airship as the research object, according & désign
framework and flight characteristicsdrawing lessonsrém the modeling method aduad
rotor helicopter, Mechanism modat designedased on the Newtonian mechanics principle
and the laws of physicsThe outer loop position controller and thenér loop attitude
controlleraredesigned based dhe PID control algorithmAccording to the dynamic model
of quadrotor airship, a simulation platform isdesignedby using Matlab/Simulink. The
simulation results demonstrdtthe correctness of dynamicodel and the effectiveness of the
control methodFinally, the PI@s effecton timevarying system and nonlinear system is not
very well, for which we designed a fuzzy adaptive PID controller, combining the fuzzy
control theory with the adaptive contraidaPID control. And thecontrollerachieved good
results.

2. Quad-Rotor Airship Coordinate System Selectionand Force Analysis

2.1 Selectionof coordinate system

The geodetic coordinate systé@-frame)--aso called inertial coordinate systeis used
to determine thQuadRotor airshirelative position to the grountiVe need to usthe body
coordinate syster(B--frame)(as shown in Figur@) to indicateDetermination attitude angle
of QuadRotor airshipThe choice of coordinate systethiding bythe Right-HandRule ®! is
defined as follows:

The airshipposition informationP=[X Y 2"

Theattitude angle vectorA=[f q y]"

The instantaneous center velocity vector of the airéﬁiﬁ[Vx vy VZ]T

The Quadr ot o r siastantanbouspldcity in B-frame: \7:[u v w'
The angulavelocity vectorW=[p q r]"

The body inertia matrbd =[1, 1, 1,]"
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Figure 2. The G--frame and the B--frame

Thefollowing arethe converted matrix T about the body coordinate system and the ground
coordinate system:
acosg cosy cosysin fsin- gsin gos fcos sSii cog SN Sil
T :ginqsiny sin @in din #Hrcos cds Bin sing coy- coS Sil (2.1)
ge - sing cos gsin f cos ¢os f
2.2 The force analysis of the airship

Before analyzingthe force on the quaator airship, wegenerally make the following
assumptionpl]:

The body of the quambtor airship is rigidthe quality of the airshigeeps the same and the
elastic effects ignored

2 Thevolumecenterof the airshipcoincides with the center of buoyancy

3) Theairship has a symmetry plaX@®Z, which isthe center of buoyan@ndgravity, the
product oftheinertia|Xy =1, B

The following is hetraditionaldynamic model othe QuadRotor helicoptef5, 6]:
P=v
mv=F -F mge
W =TA
JW+ W3 WE F - M,

2.2)

——) =) === (D

The most significant difference from the QdRdtor helicopter is that the Qudtbtor
airship has a pneumatocyst. To Charge ligthanair gas such as helium or hydrogen in the
pneumatocyst can generate buoyancythsvolume of th@neumatocysis relatively large,
factorsincluding gravity, buoyancy, fluid inertia forcthe windé resisance and the force of
the propellerwhich playa major role in the performance of the systewmst beconsideed
during the process of modeling.
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2.2.1 Gravity and buoyancy: In the inertial frame, gravity and buoyancy are always
perpendicular to the grodnSo the gravity and the buoyancy can be combined into a single
force

F=[0 0 H]',H=B G (23)

2.2.2 Fluid inertia and additional mass: When the airships moving in the air, the air
must bemovedresulting fromdisturbanceslf the movement of the airship changes with time,
the motion of the aiwill alsovary with time. Themovementof the air is affectedby the
airship. Therefore, lhe force,which is generagd by the air, acts on the airshipthe same
strengthbut at opposite direction.hls is the fluid inertia force. The fluid inertia foroelated
to the acceleration of the airship motias, generally represented by additional mass.

Additional quality m; can be understood as the additional masklitional inertia and
additional net torque in the direction when the airship is moved ke unit of angular
acceleratiorin the direction ofi . The alditional massonstantly takepositive value. When
the value of thé and j is 1,2,3, represemst movingalorg thex, y, z direction . When the
value ofi andj is 4,5,6, represert rotation of the x, y, z directionMoving object in
arbitrary shapean have36 additional mass total. Them, only depends on the shape of

the object and the coordinate systéffe can get the added mass matrix of the airbhied
on some referencgs, 8]:

em, 0 0 0 0 0

é

om, 0 0 0 0

é 0 0 0 0

Mass= é M (2.4)

g0 0 0 m 0 0

€0 0 0 0 mg O

80 0 0 0 0 m,

m =0(i ,j).m,=0.05m, ,m, =m, 4.5m,,m,=0.05,,mg=15l,m,=15l,.m,
represents the weight of the air despgd by the airship

By the principles of fluid mechanic, if the object flows in the infinity ideal
environmentthe turbulent kinetic energy:is

6 6
T=053 amvyy(ij .29 (25)
i=1j 4
Where,y, =u,v,=v,v,=w,Vv,=p, Vv, =d, Vv =r .Therefore, we can rewrite the above
equation as

T=05gm,f +m,v W m b mu g (26)
But the kinetic momentunof the fluid themoment of momentu andthekinetic energyT have
pT

the following relationship B =——(i,j 4,2,..§inwhich, B=[B B, B]' isthe momentum
W,

K=[B, B B)] isthe momentof momentum

372 Copyright 2013 SERSC



International Journal of Control and Automation
Vol.6, No.5 (2013)

writing out
—my 27

According to the principle of mechanic&luid inertia forceF, and momentM,
acting on the airship floating heart can be expressed as:

é du 2
<} dt u
- € U &m, U+ m, vr -m, wq
_ dB e_ dV ue
F= E é dt emzzv m,ur ms Wp (2.8)
e dw U@-I’Tg3W+ m,uq-m, vp
@ dt Q
edp 2
edt ) -
dK dq ’-m44p’-}- m, -m; vw (tng Ry qr
M= = gdt USmea™ my ny -ud g +ng o pr 29)
Car @s-mss'r* m, -m,; W +m, AL pq
edt L‘J

In this system, the center of buoyancy and gravitgvery close thuswe can assume
v o vV ¥1.S0 the formula &nd9 can be ewrittenas following

e dv, g
€t U
- € u -ng,y+m,yr-msyq eﬂ'&
_dB éedvy gy ¢’
F = E é'E u -F%z\/y myr mgwp eu}s (2.10)
é U
& dv, gen% +m,yq-m,y pg &K
g dt
édp o
Cdt Y .
ak Sag Ue-m,pr m, -ms yy G A arge K
M=~ Tegq U uerﬂ-,s mg M -yy el pryg K (211)
Sar § Ugm,t+ m, -m; yy° +m, RE po{ € K
édt u

2.2.3 The lift force and axial torque provided by the propeller The lift force
provided by the mppeller makeshe QuadRotor airshipmove In the bodycoordinate
system, thalirectionof the lift force remais constant. While in the inertial systettine
driving force of lift is decomposed into three directiaaleng the three coordinate axes
So inthe groundcoordinate system the lift is decomposed into:
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e g a
é 0 L‘Jg(:nyS[ﬁS,SJg“
_plg <
F, =R g 0 H_E:}Cf quy _Cysféizl iF (212)
g@.F g8 &G U

F is the lift provided by thie propeller. The expssionis F =b*w? bis the lift
coefficient.

The propeller provides the torque, including roll, pitch and yaw torque:
éll*(F4+F3 +, F) ?é,*b*( w, % & w
_e u
M =M F € F, By G (W k- W (213)
@*(Ff"l:z 'F3 F:I) @Sd*('ﬂﬁ "% @" 3”"

While | is the distance from the centdrpropeller to the center of buoyandyis the
torque coefficient.

The rotational resistance moment is

eKy, P
M, =K, W %Kfyq (2.14)
gKer
K, =diag(K,, K, K,)is the rotational resistance coefficient.
Gyro torque
ep o 1,9 ear(l,- 1)
W2l WEd § BE  gpr(, 1) - (2.15)
& dl1€ &al,-1)

2.2.4.Air resistance: TheQuadRotorairship is more susceptible to the influence of air
resistance during flight because of its lasgefa® areaThe air resistance is proportional to
the translational speed of the airship, which is generally expressed as:

I:d = kdV :dlaq i%x ij I%z) \Y% (2.16)
ky =diag(k, k;, k) is the air resistance coefficient.

The relationship between Euler and@este of change and the body axis angular velocity
is:

5
17 =p {rcos f ¢sin )ftan

{ g=qcos f-rsin f (2.17)
)

Ty :L(rcosf ¢ sin

| cosg
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Spatial notion equations of the Qudrlotor airship:

é ab .2 o0k

7 x=(C,C S_+S W -

% (cc.s, fs)g,;a_l 0

I ab o K,

) =\CS,S,-C S W s—2

i Y ( )ger?l.: " 2m

| o 4 ~

N ab . ok, H

I z=CC W G2

; @AM O

i o ~
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Control input

&C =, W Hy F

1

le.=ui vi - &

1C=W v b

Co=w; +w -&

Consequently

e k, - K

: x=(C,C,S,+S S0y

1 x=(6C,8,+85), £ 0 X

0 k, - K

i y=(¢s,S,-C,S oy

%y ( ) £y
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| esce e 2
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jP=arE " opbG e T

ll ? X :x kx X
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From formula (20), the Quadotor airship can be summarized as a nonlinear, coupled and
under actuated system.

2.3 The Simulaton Results

The inputs about the model of QuRdtor airship are the propellérspeed, and the
outputs contain three position information and three Euler angle information as shown in
(2.20).Based on the PID control algorithm, in order to realize tiheraloof the position and
the posture the outer loop position controller and the inner loop attitude contratker
designed(as shown in the Fige 3).The outer loop position controller includes position
information such as instantaneous position, spa®t so onAnd the inner loop attitude
controller includes the posture information like angular velocity, Euler angular velocity and
Euler angle.

Desired Euler angles Actud Eluer angles

- The J
. - o C.C, CC
Desired position Position |(%, ¥, 2 [ Conversion |fa: @ Atiitude | ' Q: ngdulﬁ_
controller Module o Controller . Rotor
+
! airship
Actual position Y4

Figure 3. The overall diagram of airship system

Simulation platform:

vwvvvl

P
T

Figure 4. Simulation platform

From left to right are theuter loop position controllethe position attitude conversion
module, the inner loop attitudsontroller, the model of motpthe model of QuadRotor
airship.

PID controller structure is simpl@chiewng good, so we seleBiD controller.PID control
algorithm is done by selecting the appropriate proportiopafficient integral coefficient
differential coefficientto achieve the desired resul®herefore,the key to gethe desired
control effet is that coordinated the relationship of the coefficielighis paper we choice
the haalma algorithnfil0] to tuning thePID parametersCalculate thgparameterdefore run
in accordance with the paramete@bserving the effect, adjusted the paramsete ahieve
the satisfactory effec.he parameteras shown inTable 1:
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Table 1. The parameters of the controller

Simulation time 80s
x BB 0.6,0.0005,1.5
y 06s PI D 1.3,0.002,1.5
z6s PID 3,0.16,5
f6 PID 0.05,0,3
g6 PID 1.5,0.00001,10
y 6RID 0.0162,0.0001,0.02

The expected position information are (8,7,6),the desired yaw angle is 0.5, the simulation
time is 80 s. The simulation results are shown as follows:

u i | i i L i 1
0 10 20 30 40 50 60 70 80

Figure 5. The simulation diagram of X

i i I i i H i |
0 10 20 30 40 50 [=in] 70 80

Figure 7. The simulation diagram of Z
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Figure 6. The simulation diagram of Y
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Figure 8. The simulation of roll angle
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Figure 9. The simulation of pitching angle  Figure 10. The simulatio n of yaw angle

From the figure about the simulation we can see X, Z and psi (yaw Angle) achieve the
desired value in a relatively short period of time. The effect of Y coordinates is
unsatisfactory, but it can tend to the expectation if we extent thedpefitme. Phi (roll
angle) and theta (pitching angle) would be more stable (0) with the extension of time.

In order to more clearly describe thespended state of the QuRdtor airship, we draw
the threedimensional map of its flight trajectofas shavn in the Figire 11), which can see
the effectiveness of the control algorithm effexire clearly.

Figure 11. The simulation diagram of 3D trajectory

From the simulation results it can be seen that the dynamic model ofR@t@dairship is
correct and theantrol method is feasible.

3. To Design theControl System based orBackstepping M ethod and the
Simulation Results
Backstepping design methddll, 12] is one of the most commonly used methods for
nonlinear system controller design, which combines the sateofiLyapunov function with

the controller design , and is one of the virus regression design methods. By introducing the
virtual control variableand designinghe virtual control system gradually during the process
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