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Robust design approach of three-dimensional integrated guidance and
control containing impact angle constraints
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Abstract: With regard to the slide-to-turn (STT) aircraft constrained by impact angles, a novel robust design approach
for three-dimensional integrated guidance and control (3D-IGC) is put forward. Based on some feasible simplification prin-
ciples, one nonlinear mathematical model facing to 3D-IGC design is first deduced. For a class of multi-variable nonlinear
system, a robust dynamic inversion control (RDIC) method is proposed by introducing a type of control compensation term.
Combined RDIC theory with dynamic surface control (DSC) method, the robust design of 3D-IGC law is finished. Sim-
ulation results present that, the proposed 3D-IGC law can guarantee the stable flight and accurate guidance of researched
aircraft, and also satisty the constrained condition of impact angles. Furthermore, it possesses strong robust property against
system uncertainties and equivalent disturbances.
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(three-dimensional integrated guidance and control,
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2 ] @R (Problem description)

BV KA 5 7 AR 1) S B B 1 T 2 AR A i AN K,
BT IR AR AR A A R G AN E V. ARFE I
ARBR AR | BERTE AR 2R DL SR A bR R IR LR AR,
A LM B A AR 2N AT 28 -[E E H AR U = 4EAH
xTigsl R

R =—V [sin 0 sin ¢, +cos 0 cos q; cos(ga— ¢.)] ,
R4, =V [cosOsin g, cos(qa—p.) —sin 6 cos qq] ,
Ry cosqy =V cosOsin(q — ¢.),
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.. 2R . .
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(Y sine + Z cose) + Aga,
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Y = CyqS,
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3 =SR] S AL (Desi-
gn of robust 3D-IGC law)
3.1 & # 3h A& 3 #H (Robust dynamic inversion

control)
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& = Fy(x) + Go(z)u + ¢, (8)
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BT RGEA B B AS BRI, DR IMOE 7 AR
— .
1 (BERRGEQ)FHIIAHE M ECE B
FHIHECl, < A, WRPKAL S sh A1 odt Ny
u=—Go ' (z) [Fo(z) + W(x — x4)—

g+ kdf(x — 24q)], (10)
A k> 0, HIEZRMEREE SUN
sl||s|,, s # 0,
df(s) = 11
(5 {0’ o an

Mk > AR, ATSEEIAELRME R G0 (8) I E IR AR
i
WE 4G, ik Lyapunov BRI T :
V= %STS, S=x— xq. (12)
Xf b P I 73 ) SR B eI 1] () 5 4, 15
V=s"$=—s"[Ws+rdf(s) — (] =
—s"Ws — 5" [kdf (s) — (]. (13)
BT W& IEEm M, M b 2 1m—sTWs <0, 24
HAY M5 = OB, B 150045 F-0; 6 b = i1y 25200,
Ms = OF, IZIEEZET0, 1 B LB R Gt A 2 5)
AU
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—s" [kdf (5) — (] <

ksTs
- + |5T§| =
sl
T
—#lslly +[s"¢] (14)
H i Cauchy-Schwarz ANZE 22 mf 15
"¢ < sl I, - (15)

¥ RASHRANBK(14) F ] 15
—sT [kdf(s) = ¢] < — (5 = [IC]l,) Isll, - (16)
B, Mk > AR, WAL
—s" [kdf(s) — ¢] < 0. (17)

2 FRTIR, Mk> AR, V <0, 24 HAL Ms = Of, 25
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LRt da i nT SLEL AR S B FRIRAS ERER.
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& 4 s J i BARAR A 18 S 2 TR I TR R
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ik 1 WAT A S RS T BT E sha 2
I,
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|| < qum <2, 2| < gom <12, o] < oy < T2
NG| < B < 2.

R 3 RAT S YR S — AR A
FIFEHIAE g0 (20, v) 5 g1 (21) Rl go (20) N AR S HERE
Hysa 7.

XFE, B0 — R A BT AL (T), AT LA TR T
W B A T RN B 25 T B 1) = 4 i) S92 ) — IR BT,
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so =20+ C(lq1 @] = [ar q]™),

T1a = —{g0 (w0, U)]_l[fo (2o, v)+Cxo+
Woso + rkodf(so)],
MT1e + T1e = T1a,
$1 = T1 — T1e, Tre = [T1:0]7,
Toqa =—{g1 (xl)]_l[fl (x1,v)+Wisi+ (18)
r1df(s1) — Z1¢),
N2Zoe + Toc = Tag,
So = T2 — T3c,
u =—{gs (€2)] "' [f2 (21, 2) + Waso+
Rodf(s2) — Zac,
ﬁ':’:': C, WO, W1$HW2i/>Jj'3J—_EI'_E'X¢ﬁ§ Bi, Ko, l‘ﬁ%nﬁz
YN TEE. DRI A F B B e 350 O TE 78 % A B,
Y ERWANHRER TR BT ER, BT 2. —
g Hwoe — mog, MBI (18) B IR S I 2
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BT — R4 2 (18) Hh &8 SRl i T,
WA HOLHE 4 B ) 1 A SR b 2t I s R ) )
1 AT B I I L, SR RAIE VR SR, ARER AR
ISR EA R A R Z M R £

cf(s;,04) = ‘ , 0, >0, (19)
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so =20+ C(lq1 @)™ = [awr q]"),

T1a =90 (ﬂfo,v)]il[fo(iﬂovv)‘kc%‘f’
Waso + kocf (0, 00)],

MT1e + T1e = T1q,

$1 =Ty — T1e, T1e = [T 0]T,

oa =—lg1 (@1)] " [fi(wy, 0)+ Wisrt 20)
kicf(s1,01) — 1c),

NoTac + Toc = Tad,

S2 = T2 — T,

u=—gs (22)] ' [fo(1, 22) + Wasa+

chf(SQ,Uz) - 552c]~

4 fiEZ5 R (Simulation results)

PiE A, STT ¥AT AR GORFH SR [16 132 B4
T e HAH R SHL. AT B WIURTE 1600 m/s, H1UG
A7 B 1 BLUA (4000, 2000, 200) m, H kA7 E J9(6000, 0,
0) m; ] 46 3 T8 51 A S —10°, 11 B2 19 2 ity 94038 15 £y
=60, B3R 5 K B N0.5%; WIUR5HIE 1 N 10°,
HHEB I A S I (i FON0°, BERIEHIREE N0.2°; Hk
KATRSH R ENE. JAh, BoRIZECEA T FRE T
FT bR FE /12,0 m, 33 B2 AU A 48 601 /N T-0.5°, 2K
LA /NT15°, MM A 4axHE /N T10°, HIERE
TPIRFSHR A TR E . I WIURI 23 E i A« 3E
i F DA AT 88— H bR IOAR ST A7 BAZ B AT %, AT A%

J5E AARR R AT A R 25 A AN BT, AT AR SR TR
FHVER SRR AL 264
R T PR ARSI B — R AL i S5 1 T
FHITE R, BEEE W B AT 6 EE IR LAl 3. T EE
J7 R L G 3 S¥EH s st k. Hod,
TR AW ML R P L] T 5145
9*25'414‘2'((]1—(]“)’
0*=2-Go+2-(q2 — qor)-
ARG, AT AT S E Bl ) 52 T FE(2), v AiE— D
S RATER I BUR TR A DU B M f 78 4. 75 8T
ARSI, G a5 AR AT 53 2 1
TR, BY A 25 fe TR AT #3482 3h 500 Rz sl 2 [A)
[PIRE G RENR, 2RI\ Bl SR/ [ I2 30 2 ] rAE &
SR, H HoR R S sl 510 5303 B S &
[Py 2, IR A I R 2R A E Y RS A
TR BB AR .
A T — AR R S HOE R T
Wy = diag{1,1}, C = diag{2, 3},
W, =diag{60, 60,60}, W,=diag{100,100, 100},
m = diag{0.005,0.005},
7 = diag{0.005, 0.005, 0.005},

21

50:2, /‘il:/€2:30, 0'0:0'1:0'2:0.1.

2 18 B SR TAREIE L, B3 6 A 28 BR 1) 45 £35°
2 18], HA5E A5 ms.

KAT BHUE S B A 2 P R BUEBUN£10%,
BN R B A 1 REOEHCN+30%. HILFER,
T REAR SRR RO R GEAL 2, IETE
H ARG I AR ST/ 565, FRERCR W
A

F5 =0.02- 1(t) + 0.05 sin(ntt), (22)
F,.=0.01-1(¢) + 0.05sin(nt),

{MX1 =5.0-1(t) + 10.0sin(nt),

{Fa = 0.05 - 1(t) + 0.05 sin(rtt),
t)

My, = 2.0 1(t) + 4.0sin(nt), (23)

M, =2.0-1(t) + 4.0 sin(mnt).

BEAh, 2 AT AR H AR, MER A B2 Kk, 9 T
R IR 5 SIS S, A SCROE 1 —
A BRE, B2 AT S H AR A BE R R < 50 mit, 1
M RGSLAE L TAE, e =AMEE RS

A E I RN, 20508 0 BRFRIRES) S +1
(EFRRZ) A —1CR IR 3P DL, DI Se40 P
Tt A 161 75 58 R H RS AT T R A, AR 1
7N

& 1 BAYHFI25 7 LT T H4F R %t
Table 1 Attack precision statistics under the two
guidance and control schemes

SRR Np=0 Np=1 Np=-1
AEHIFTE 1.328m 2.159m 2.899m
—EIT TR 0944m 0.816m  1.517m

IR 1 B AT TR, A Sl A4k
BT F 7 23 P IR BT BT o4 P A PR b R,
T ELAH Eo i S ) o B e 7 &, 1% ] LN —5E
FERE L3 m CAT 80t H AR SRS L

SRJE, ¢ PP S 3 7 R RAT A8 (0 3 15
FAANEIE e A it 2, Gn B 120,

0

-10 &,
& -30
-40
50+

—60

-70

t/s

(a) il S B BT
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Fig. 1 Curves of flight path angle AR P, T L 5 0 DU A5 )T 5
. RGNERERIARTT. BRIk, T TR B P A Sz 1 7
) ' SN AT AR A BN A 15 00, a3 PR R, 45
H AT RS AU AT A 2L, 2350 Pl 4-5 .
2 .
=
% ~
10 - X =
-15 : h
0.0 0.5 1.0 L5 20 25
tl's
(a) ISl A B0 05 10 15 20 25
18 . t/s
16 - —N,=0
14 1 e Ny=1
12 ff = N,=-1 -
~ 10 8 4
= 8 1
" 6
41 = i
2 U
o h e = Soust 1
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0.0 05 1.0 L5 20 25 w0201 N.=1
t/s -0.25F ._.\.r:‘= 1 4
-0.30 : '
(b) 1 Sl — AL 00 05 10 15 20 25

P 2 i fi A i 2
Fig. 2 Curves of heading angle
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SR 2 A BE 43 A R, AR B S i) 40 B %
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£ RE O IR FE TR O R N FUIRES), EL3 i 15
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PR, ix MR KL b ek H 2% 05 5t R S8 AT

tis
(b) G — PR R
el 3 el 0 2k

Fig. 3 Curves of velocity deflection angle
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N T GAE AT ARG H AR 5N BRIE A E A
LB S, D7 B il S H R G R XA T T
HARZBR 1, B2 64T 85— H AR B RS /N F50 min i
SPPE R GuE I TAE, R =N e O A2
SR, T RGN ARAN 5 VE AT AE, T IR 4% 1l
e i e (B 2 BRSO s ) R REDRAIE KT 2%
LA RS TR R g e, T2, (35
THE RATARBUR <50 miRh) B 1] 48 285 1 e
R AR, MILLZ R, AT 2] — R RRBOK
B R AR BN 2, HIER VLRI E A,
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