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Abstract: Under the background of informatization and network, multi-system cooperation is becoming the main oper-
ational pattern in the modern warfare. In the matter of intelligent optimization and control in multi-system collaboration for
ground-based moving platforms, the main results and recent progress at home and abroad are briefly reviewed along four
research aspects: 1) optimization and decision-making in multi-system collaborative command and control; 2) cooperative
guidance and formation control for multi-dimensional high speed moving platforms; 3) intelligent and security control in
flocking of ground-based moving platforms; 4) modeling and control for nonlinear servo systems. The survey covers the
command and decision-making, multi-platform fire control and swarm intelligent and security control involved in coopera-
tion for ground-based moving platforms. Finally, on the basis of summarizing the research results both at home and abroad,
several problems for further study and some research directions in the future are also pointed out.
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Fig. 1 Content and relationship of the following sections
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W AT TR HE SN F T i vk = 4k 2 ) o ) T
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FAfaie, 512, 115 B3REGE 4, FrbhREE 15 2]

T R RO R B AR R S R, RGiE
PEIERCE.

AP FEH AT EF LW AR S, £
i 5 A RS0 A B A B SIS B — L A
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2.2 Z 51 [E 4w BA #% #1 (Multi-missile formation

control)
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AT BRSNS EZ T EERR, SEAME TR
BATEORAF « ek B AEERE AT D, RIS FE $AT B PRI
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F T Jr) O T 47 ) 1Y) 3 B0 7 il 4 A £ e 4 |
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2.3  |a)/8 5 & B (Problems and future work)

A 1 22 38 D[Rl 1) 527 SR 20 Je A 4B~ 1 N
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TR ARAI T P T 0 LA L& ) ) i —.
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3 Mz EEs R S ZEE
(Intelligent and security control in flocking of
ground-based moving platforms)
fEfE i sh iR i R iz sl T, RE TN RS

H EAT AR @A R K, H il TR R %

PEFIR AN, ATHIR 5 NHEAT T FORN B . 9 1 el
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A5 MR

31 AANENRGK I Z 6] BAR (Shared con-

trol technique for manned/unmanned systems)
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2ARHT PR B JE RS2 B, Nk, ShangZ PS5 H T
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3.2 A5 B & W (Security control and
attack detection)
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B T2 BARSR U, BUe 2 2 3 FH P Il i
WA IX, THFEER M EAN T, 1% & 2 (8]
(YIRS B AR % Wb, B Rk, AT BASR F BA A A5
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18), DAEJSEEAS [F] X IOM 2 3 90 5. S0t (s
RUBELTALMT RGuE B il 245 B THE B
&), XA BT A URT DA A AR AR SE IR R E R, I |
TR A 2 S5 S T AR ). I e Bt R R A
PEE NI ) & — Fond AN (] I 28 042 T A ) s
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Table 1 Attack modeling, detection and security control
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L 110 DX 8% A4, 32 i &5 ) 2 A A DN ) R Sk ) Bk ik
U GnfA geAU I T AR R AR SOIR SR B 2 18 8 ik
250 A e A ) ) R 381390 e IR S A AT AE B
i EEIE T2 12814 2 G SR i g 401411
FEERAT RUBL R AR IR A T B 2 18 3k R G
D) R 142] ) s
3.4 a5 & (Problems and future work)
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4 JELMRES) R G BB S B H(Modeling

and control for nonlinear servo systems)

Wzh R G0 1 BRI KMISER K2 R S, BT
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1l 3z Sl A iy [l 42 ) () 2l B+ B B4R
. KM SR IR 5 2 v L R3S R
R, H ok REWSIAI AR A IS, HUkAL 3)
K BEAS =, FLRE Y LA R L UGB AR TR R MR R
W, HAAAEZ P EE S T, a5k, Mz RR
FEEA LR JURHR i SR AR LR AR, B BE
BEARLZRNE . SN KBRS B G AR LR PE AN IR Bl 25 FE
JEAEIX &5 5| 2 B N AR 2, sl & e, 3 20
TE R GE RN A H (R FEA R —— XS RE R R AN
FEE, BFEHUNN. AR A3 1 S EN A E 1,
DA AP AT Ak AR IR SN A A SN Bh 3. JET- DL |
Ry, 5 LN B B R G LA S B BUE R R, I
TEIEER F AT 5] 5 5 042 i SR A 72

4.1 BT B A R $] 7 ¥ (Linearization-

based control method)

BES) R HIRT A A, AELR MR 5, BT R
TH ) A e B ROR. AR M R G i h AR, °&8f
1R 2 B P42 1) 7 V2 A AR 1 40 i T BT LB 42
CARIH, BT DA BB 1 R B e 0 Bl 3 R e i A b AT
LA AL, DAY A2 — Ll 2 1 8 i) SR i R 2R A
i A T A AR s O v R B N2k
AL Tk B RS R B i IR R Ak T iR AL 2%
AT

NN AT e — Fh s T SR E B x| 7
5. BB AR RGP A MR AT R R T,
ARG I F AT B BRI Ty iR v 4. L aar i
I FE A 2 — B BN I8 B A S RIS B B 42
T XA R A, 7 TRE Rz a4 e
N ER AL T A — R R IR, RO B EZeME1L
TR 208 1 mB AR I, an X e I A R
PE S B, At ™ H s Rt ge.

25 U B 7V R By AR e I 2 1 T VAN
T 2% 4 4% 2 $((linear parameter varying, LPV) & 4t ]
M8 a3 R B 7. AR S BE 2 R R vk AR R AR A s
X G RE B RS TAE A [R5 R 2 X3, %) 5
A DX R m b AT /N Bh S it Ak, FERIH Zett 77
FEBE TR 2%, S8 5 R FH 97 17 SR M 25 DX 3k 42 ) 2%
gh Gtk (R AR Gl 25 B 5 VR AT AR DA B A
BUAFEI KA, I TR 1T 3 &0 1l S e K
AR, R 5 5 R ARG FRE IS, 3 E VR ARAIE
RGAEHFEN TAEX N 1B P g e PEUAO) B X iX te AN
JE, WA EAEE T 3T LPV R R 25 8 7 7.
X7 120K S5 R G A — P B S R P A T A0
SERT AT S E 2 R G, FONLPVALSY, Hxf HE
BT, B T ARSI R AR )
ANGE(E. BT LPV RS 25 8 vk K 2 fi
FHEETYEE It BeFa AR, A5 2 REAE TS € X

TAEVE RN ARUE R HI R PEFIYEREFR PR 3R . Lee
ST STLPV R G 345 ) 2%, R FRFAE(E 2 Fd )7
VR R AR R IR T P R A AR, b
T SR VA R TV R BT R R AR AN B L e 48]
FIHZEFIRES B IR H MR R e e L, 2 T
FETFLPV RGeS 1 2 i 4 ) ik, (15 3 &
FEAWENEIATERE. BIRETLPV ARSI 25
FEITEERERS DRIUE R G B S EAVE RE TR AR, (H2AH EL
FAL GG 2 S T R R 2 U4,

AR T v BB R R R AR B
AT RO e, AR R AR LR RGO — ANk
RG5. 5/NUE YA 710 RS AT e ME T AN ],
R B AR T 12245 B I 2 M 3 4 2 a8 ik A 1 1)
RSB B AS 2, PRI A — 52 138 ik P 1500,
{RIX R EWAEAE—E W R BRE: EERRA NI ZFE)
AafE i, AR, 2 Ra B8 A A
TE SRR BB, AREORIEH B M. 51X
i) G, AR T — LA N A T %2, Wallner
SEUSUR A 5 3w X, PRIE T F sl e . SOk
(1521 A0SZHR [ 153 1) A PR TS5 v B v RS AL
AT RS HIAS AT MPRAS AT WL, A HARF & S A
A T5 08 IR 2% . SCHR [1541RSCHR [15519) KR
TR PRUI A2 1) R B ) S R R 2R T VA 4
FEm RGNS

TR 25 4 4k 5 #1] (trajectory linearization control,
TLC) 2 | F - I 42 % G (1) Oy 3uf g Ik R A 1) st
WA— AN AR AR 2N RGN IR ZE AT 10 /R, 2R )5
BF IR R AS SO A, (8 RS
EEHPERE. XM L] LIS B S b — AU o,
AR — AN 75 S (B 3 25 TR B . AHbE TS
()38 28 U BE T v, L e R R i B 4 USO), STk
(156 R SCHIR (1571 70 AR LEAI—FR 0 S AR EE ] — AR
SRR o R STLCH ¥ 45 A FF AT 758, B 9R
TLC /72 7E A E 284 BR AN g R 2 i) 77 T A — e A3,
RO I ABE 20 AR BE 3 v, A B R R N B AN
T IF, FL Az o Ve B 2 A P R B R ORE X M ] R, Liu
SEUSSIR tH — T & N AP 25 I TLC 7 1%, il
ik 38 N A ME R RAN i R s T R R
SEUSOVETLC T VAR A b, BEvt T TR0 I 248 X6 A
SEMEFINBTHHATHME, 18 T RARIE .

4.2 Hi&E PN E#E I H] J7 5 (Adaptive robust control
method)

BT 2R AL REAR 42 i) 7 v R F 20 R IR R
HUFRR, B R RUAN 8 NSNS PR B AR
. T A AN R AN 2 1t R 2R B s e, AR D3R
RERARISE R RCR, HEE T RIE R R R AT E 0, £
X R G AN E RSN, BE R R T VF 2
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Ty U613 T yapunov i BE T WA H] L H & B
BT DL LR BRI 5, SRR M R G 1 1 RE.
TEIX LTy, G SRS AR R & S o, 5
& R E PR R IE RS T B IE L ) A R
HFRIATE A5, BN FH Ly apunova 5& 120 B BRAS A 15
2R 1AL | backsteppingZE LTI 14, MR ULAN € 1 5%
R BIBEZ) F Fias il R L TARGF AR T 5.

F 38 M & #& $% il (adaptive robust control, ARC)Jy
EFRSFIR T B IE RIS 2 R U E
Pt L e AN e 1tk AR MEE R 7T, A Rk 2
G 7 BiE RS SR sl
AAAE ] DUARIE RGP SR, B &R a6 v LS IS
RANSHI 2], WO A E MR R PERE
(1) 5 M L0645 AR R BRI 5, 1 38 D 4
WEMBEME T, ZHORY O, /£ TREPHAR TR
TF AR, RIS B2 A = AR 1) R BR PR R B TR 22
Sk ) 77 1. Taghirad 551954 ARC 77 125 3 A T4l i
ZgryEilh, BUS 7RG ROR. N TR RIS
flvh EAH, M RESE X R G AT ST 4%, Bdb ATk
FEAGIN | 2 W, SCHR [166]H 32 HY T 18] 42 5 i& M S
#EHIAARC) Tk, HE—, A T $& mTARCIHBEAS I N
EFE, SCER[167]H 92 ) 7 TR B VRS B v B
B/ ER A B & NS H(DIARC) 7k, N T i
FIARCKT AN LN 1S, YangZE ¥ ARC 511
SIS AL A, 193 T ARG ARCR I Pt sl s
7.

M GO R AR R, H & NS
il 2% % 11 R /& 3 Fbackstepping /7 25 1. {H back-
stepping /7 ¥R H & B OER & T R, f—F &
23 1) R 0M 2 ) B ) W TR FH BT — 1 R AR IR
H R A B DY RGBT, B 2
AR 2o 22k, B IR U 1 AR K 7 )
RO et ok 33K A ) 8, SCHR (170952 th ) B — b Bl
JJCommand Filter 1) i 73 45 1& 15 5z 00 4% i) 7= 1 33,
RIS TR ME RS AMEIE T iR 22, T 4 1 48 Hiback-
stepping /7 i H % kg #.4% ) B (1) B oK . AL Hh,
YangZ M S B A5 HI% ) 7R 7 5 ARC LSS A
I — B 2 P 80 A% B AN R 0042 | = 1 R s B
BARIXFR 15 AR IRIE IR 22 RG24 mfe e (28
ik P gk A ) 28 2 EAT e DRk PR R R 25 AE B
DAV 2R FH 4 1 D8k s SR AL R 4042 il 1 (g oKk 3
BR8N T IR SRS SR FE I R, Bk
A /N BRI AL, X R AR RIS 22215
e K, BPFTE BIRIG I 2 “IEEIR G | 75 SEhrfasii
HE GBI RRZGARE. N T IR R, o] DL &
SCHR [1731F0 [ 17419 0 7124008 S N S PR A a 25
TIPS il 4, Ea 5N — NS 4 SR B AR AL il
EIRFIEH, PRIERES R Z RSB — A TR0

E—/NEFEHN, HRGHEHIEIEIE I ZIAS B g
HIG” .

HUTH B2 2/ ARC T VEHR 2 FE T AN 2 R &
G B LS H N R T X AME S B 1. T
TE—LeBER R G, 16 BEAR AR L SRR R I R
LML, HA H g H ARGt S E b T kAT
FIR. P AR ZEXNT 26 2 £ . (nonlinearly parame-
terized, NLP) F 4t 4% [0 BT B 7. X 2L ) e,
R T RIEENLP R Gt 17 M S5 5 e,
W 2 e N—d KRR Ze i R I AL
RUTORIIE T Lipschitz iy J7 v 717845 SClk 17914
SCHR (1771 Bt R B2 1t BR B0 TR IS5
Lipschitz#%, A8 S HAE R B A TIE 4 BOK,
P AN 2% S H T 2, 45 T 1 E Lips-
chitz bR 1 — NN (RIS, 256 B N & P15 3)
AR EB T T HIE R, $EH 7 —F
BT AEL M S AN 8 R G B S A 2
B T UL B RS HAIR R A, Lin%E SO T
— PR RN S AR T, I AR LY s
F3& S50 E & N, RIE RS ETE R 2. Quak(isl]
T I 3 IR B B n) BRI DT VR AT IS N,
B R A TS THRZE RIS T A VIS &
R, 15153 R GRS S A R AR e .

4.3 |85 ¥ (Problems and future work)

TESERR N, V2 ARk YRR 2h R G HT & = &
gu. 0 TR YE B RGUK UL, B A g it
PR AFRIE A T E 2%, B UAE S bR A i A2
HRELXT 2 8 B A A — e FE FE ) T4k, o BT
WG /AINTL, BA R T L 2 IR MR S T
ERAT B ) B SRR E M. SRR A
IR RS, XRE R O E DLORIE. R, 7
BRI TR G T A S SRR B A T
ARG VERTT 5, 56355 R R T RAE AR 1 5 2
ARG RIS, HESH E ISR TR oK, HAeubioa
T, TR R 2 T 25 L R I 25 6 B s il 2%
WirER AR,

5 458 (Conclusions)

Fiti ZEAE 55 G B 76 DU | R H T 53 )
B, 2R DA e A E R ) EE &,
NEZS TR A B H R, H R e ) R 22 R A o [
SIRAHLE G, AT KIRSE = s sk 2 R4t R
FR¥E S 2R, iR AR RIS K. A0 Fk
BB % Z et R R Be LAk S 1) 7, AP
PR R B R G T BESRSE I e AT K
JI¥E MRS B4 T7 T 59 0 B3R 1 90 AR ) &
4 K II¥EH RGN AT S 1 0] R g0 0 Se k4 i 2
WAV, FEBE A EEHEARRE R H I H =, M2
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