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Design of a Sliding Mode Controller with Optimal Parameters for

Three—Dimensional Guidance Law Using Harmony Search Algorithm
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ABSTRACT

In this paper, a navigation guidance law is designed based on a sliding mode control and harmony search algorithm
to track a maneuvering target in three-dimensional space. Despite the high efficiency of classical guidance laws in
target tracking without any maneuvering, in the presence of uncertainty, disturbance, the nonlinearity of dynamic
systems and target maneuvering, robust navigation guidance is required. Hence, a sliding mode control method is
used for designing three-dimensional robust navigation guidance laws. Besides, parameters of sliding mode control
are determined by minimizing multi-objective fitness function, which is the summation of the relative distance
between missile-target and yaw angle of the line of sight. To show the effectiveness of the optimal sliding mode
method, the simulation results are compared with some other techniques such as Proportional Navigation Guidance
(PNG) and Augmented Proportional Navigation Guidance (APNG). It is proved that both the performance and
efficiency of the proposed regulated-sliding-mode-based guidance scheme have significantly improved in
comparison with these methods.
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1- Line of Sight (LOS)

2- Proportional Navigation Guidance (PNG)

3- Augmented Proportional Navigation Guidance (APNG)
4- Backstepping
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1- Harmony Search Algorithm
2- Harmony Memory (HM)
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2- Harmony Memory Considering Rate (HMCR)
3- Pitch Adjusting Rate (PAR)



Yo (S g olile )l «Solins 1 201)3) o Sigo (o dw Colow (gl digs slo il )b b L853) 090 caisS J oS ~10b

ol 15 Sygon Lly, (Vo) 0 (V) 6,35 L J
30,5 o
=V, =-bsgn(sy)+w,
Sp=Vy=-hsgn(s,)+w, Ov)
S3 =v'¢:—bsgn(s3)+w¢
D9 g0 azes (1) ;0 (V) (5,351 b

$81 = —by[sq| +w sy <y [sy|+ w5y

=(—b1+Mr‘)‘Sl‘ SO:>b12Mr‘
SSZ = —b2 ‘52‘ +W 952 < —b2 ‘52‘ +M952‘

:(_b2+M€‘)‘SZ‘SO:bZZM9‘ (\Y)
553 :—b3‘53‘ +W¢53 S —b3‘53‘ +M¢S3‘

=(—b3+M¢‘)\s3\£0:b3 ZMA

SPLU @b Grie (V1) )3 ool (sl Ll 4 a2 g5 b
IRUET QL.LJ:\J‘V. <0 im0l aalgs aieV

3 8153 558 s olone 5l

&y iz 5, red jl05b g0 S yiz 4 e s5le
S - S . & . oo, e

tanh (;) &b Bvo &L il &b el ) o

L Lyv-val aslesges slepig o1 L 35l sl m

o Codle (:al_' s @ s.io.ly).u.ﬁ w‘).:l.‘ @L}' LS)“:\ft'.l-'.’

Dgd oo Adg ) Dyge A Solas 4eilB (V) aoles

ul'
—V Vg +V N ptan
u(t)=luy|= |r'%"ngj—bztanh[szj Q)2)
r &y
Uy

2
v Vg +v9tan¢_b tanh| 52
r 3 &3

QLAJ‘S — 53 9 52 ‘Sl ‘b3 ‘b2 ‘b]_ 6L‘b)~e‘)b ‘UJ‘)JLu

gl Cpnd Sl g 25yl 36 S

oslinl by (—b38 990 lo palyl s 1-F

S0 (Seimer v 5o
TS ple sla el et sl adlie ol 5o
A azg bl oad oolawl Sgeyle (semmine wi sl
95 Jo F 20 ol colae 68 ol o aS
9V 0 aS ad oy ol ay orie Ll jal oyl

Sl Jyl ad> a5 e ool el a5 50 33
chw (pl 4 aS sanl B aS glas 4 cul Jiuls maw
Slsll pgo dle e auS slul 1) Callae (L) 04l Sguze
@ 5 |y wl @ cdl Gle e o5 el (Glowiss S
am slagle) slp g 05 (GiualS o Ceon ) 25 >

Wk S30lS e s o sl s

5 (r20) als |1 s alols Wb el o6

WS SzeS plSela= v sV e Sl
Ao oV gV o5 glojadl die WbV eizeen
o L Bad 5 Sige a5 Cewl Sae (pl 4 Digdh o | Ken
Sgbi (ke Vi 45 (Sloj eizmed g o0 SO
g ge S0 Hho & Ban g Sge Gleo I (nd alols
ged Sl p5 &gt (g 1) (o3 s (nlple

S =V, +k

S2=Vg )
53 :V¢

009 p9lie 9 Sl oy p a2 Seibld b Sl b

)
V== A
7% )

1y Qe Oloj & S (A) aladly 5l (65 e L
V' =ss QY
2olie 6 Sl g (V) adal) 5l (6,5 Fde b (3,1

ghse Jol> ) @l (7) akal,

S1 =V, =V§+V'§ —Up +W
S5 :v'gzw—ug+we )
5, ﬂﬁ:w‘%*wvﬁ
gl Olgiee (953 950 potde 4 az g L1
ngé —bysgn(sy)
u(t)= llj; = w—bzsgn(sz) ')
W g eng

1- Sliding Mode Control (SMC)
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