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Application and Evaluation of Laguerre Functions in Helicopter Flight Control
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ABSTRACT

One of the major challenges in the use of predictive control systems, particularly in the fast system is computational
burden. To accelerate the process and reduce the amount of computation and optimization of functions, we use the
Laguerre functions. The purpose of this paper is to provide a linear predictive control method using Laguerre
functions with constraints on signal and the rate control signal for a helicopter flight control system design in the
status of hover maneuver. By tuning parameters of predictive control in nonlinear model, the performance of the
proposed method evaluate by two index entries, maneuverability and coupling effect based on standards for design a
helicopter flight control system. Multiplicative uncertainty in state-space model has been described due to
uncertainty on system modeling to study the robustness of the proposed method. The simulation results of this
method have been compared with the results of generalized predictive control method. Simulation results show that
in addition of public benefits in generalized predictive control, Laguerre predictive control has the advantage of
reducing the time and burden of computation and it is clear to see that the control law we have obtained for the
hovering flight condition achieve the top level performance in two categories under e xamination.
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1- Yamaha R-50
2- Proportional Integral Derivative (PID)

Ol lais | g pidle Cow ppd

(Kgm2) o S gy Glowo Lo bxar lyys 122
IS 3550 50 (Sealindg pl slales

_ L,M,N
(NM) (G oKiws)
O 38 50 58 Jb (Sanlinog T slalowe L Mo N
(Nm) (b.idg o&wo) fny fny INfn
1S 55 e 5 iy (Sealinng pf slagles L Mo N
NM) (oo olSs) PR
30 50 0 amio (Sealipdg pl glagles LMo N
(NM) (o olSs) LEl5 P T T
30 55 kel s535y (Seoliognl laplos Lo Mo N
NM) (S olKss) Liil5 R TROTR
S350 0 55y (Seelindg nl slagles Lo M- N
NM) (S oK) L2l,5 oo
K L
(Kg) >, o> e
(rad/s) Lol ,g54, cue o Q
(NM) 5590 Hsliis Qe
M/s) o> ey sloadlge u, v, w
sbewly o =, é..aLuOs)Ji Slog
pY) J - X, Y, 7
N) (‘_,’A.u 015;;»40) )97edw
bly o Jb () (Sonlnog ol slog X Yo 7
(N) (d“\_‘ olil.wb) s fny T fny &fn
2 7 (Sealusgpl slog e
e XF'l YF-: ZF
(N) (S oK) Hgmeedns sliul,
2 e dmio )5 Salnogpl slag s Y v 7
(N) (ot ol50) jsmmnds (sl P T
bl o ol )55, (Sealnsg sl X Yo. 7
N) (S ol520) jgmmndas R TROER
208,59 2B (Sewlusgpl slag s N
(N) (ot o0 jgmmmds (sl oo
(rad) ksl sbls; 6.0,y
(rad) Lol ;535, SIS o8 0,
(rad) ps 539, SIS o8 Oor
(rad) oo,e SUSL o8 0.
(rad) Job S o8 01



vy it sloarla b o (2l 5 SY @l 5l ool b 0,8 (s é oo (sl rmaiion JrsS elat 5 (>0

Sg— J)....S Sg) o u.l.b.o U"‘ Qo ).u 6)‘5).» Cond 0l
Sl e iy |y il (sl Jelow 5 530
s5=az 53 0 8L So ol b i g2 e )] (213,
oals )‘)J )y D)9 ‘5)L.’>Lw).¢.c 9 6)L>Lw Slolazel
‘f‘)io.b CUL"‘ aS Sl o0l uLu‘ e 39 D o
699)9 SLa U (59925 p 5 Sl & sy o0 Slaias wiz o
wWwdog ails Hes o gy ol gilwesly oS
=97 975k leslaiul bl g sans S8 (b
ool Ly e s (359 0 800 G e (2135 8l
=9 9,550 J S albelu .awl ools plol cuas aSl
f . e -
L ek -l - gibale dolas 5l g e 4 o5 s,
aite J S (995)9 Sllne 5 3j5el (sl dgusmeli 8
N .[\Y]..\.:Su.a oolaiwl s mli 10,5 aiaS (gl abogs o
3 le—do g3lawonly g ogasmal 331 5l eolaiwl 55 allae oyl

Lo )57 51 65k 53 0350l 457 S35 slabs, 5l (S
Ol il so e J S sl a8 )3 108 solaiul o590
b ol (2l CulbB (og plSn 4 Jds 4 )
Loy 5ol 4 Cund 392 polie (plo> (izees
bt blpe 0975 b (39, cnl [NYIF] o)l 65, Sy
15 00l o 9550 0l 5 ol Vb Slosbne o (gl
Sy Gl S (ee siluosly 5 (ude (loj At
Slwle pze 45 Sl oals ool oyl [Yf-vo] FEREI™
G (IS jobas SV wilgh (e Gl J 5SS b9,
oIl bl i I A s ez s
Gilwosly e LB wilgs oo aigS> Y wilgs aS ools ol
5 plSean Slwle 2ol L Jos )0 ) (g3loaige alies
2 el dg 6l Kby [V Ploas iuli8l ols 6,053
9y 00 Y @l o p)l8 5l S (e (ot e ailel
1, 18 o b Sgng 5 0ol oo s oo skt
DIV] et osls las T 5o

ot o9y bslen JS alele (b dlis opl jo
8y oelie 0 S0 S ol az o i Jas sl
i )y ol a1 5 alonil wiling o8 15 cile oS

s azdlas jloslatul b (>l (bg, 5o S sbvo e
Lan 5 ool (conel alies 40 (bg; (05 e (SYsb
b 35S ailice soliT Az o id Jae 38,55 Ly
5 pll Sz oS eldo 0 AL S sl |y Gt 55
50 0,300 Sl Juw cal ools 13 dee Giolesl 5550
oolaiul 590 oy b site (s aleles G 900 ol
ool duglin PID (39, 4 Camd o9, 0l b 9 428,518
iy Uy gy 3y Slas woads 4] glis 3o
U9y oSl [V] 8))s (5,5 PID S g, 4 o
St 1 Sz ol 3,50 (b sl |y oty S
ol ol pam a1y 5l s SCelino g eolaiwl oS 519,
Ot S el 00,5 Jow 53 1 g lailols
ity Sl St ol il 5 Jas s ais ol
SN 95 oleiinn by, 9 St LS Ll
a8 S Iy 8 el 3)e g 00 (s3lwosly P om oy
Sl wox gd Alie 55 40 JICS! (yy yiage JA] o
od=d ()15 U5 5 (S B8 bl slal b b,
5 dige JynS 655 5l olil b gilisgs il o oVlie o
Jome 0 SIL S sl J S JWK (5952 9925 altass
Sl 1y oo, aiS S8 (b alis o S2s5 ol
Oemizod el 03l ploml 0d i s 5l e S
S 0,08 5 o (slo e by ,Skee o (230539
alio ool o [A] el sos &l Judos g 455255 9590 35
Lo giomels dn dinge S5 b9y (99— polie (o9
il 5 L by, ool Bowe 45T b 5 ol ot (glo L
Silmosly 5 ol iy 35 Jpsb B 8, Lo insl
"ol S8 bt 8 SIL sl ) Sl S ailab
ooy S adlie ol 5o oad eolaiul g, sl ools plo]
TS e bt et 3)3 5l S b b s s e S
plosl ad> pea ;o (ol adl o usSae Sialias L
S Ghay it Glan ao g pe ol al>yo o5 358 o0
5 obesd cSlo 55l andsnr ped Al e oud ool
SSIL G950 Silan S )3 9l g silwesly g al> e
o=l 5o b slas Jastisl cwyp [V ] wil o oo oL
OLiS og plSiman 5 JSe bind (21l 9925 b o)
Sl b g anils pgllhe o ,Slae JuS Gloles a5 w20 oo

4- Hamilton Jacobi Bellman
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1- Generalized Incremental Predictive Control
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