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RESEARCH ON PLATOON CONTROL FOR
INTELLIGENT CONNECTED VEHICLES WITH
COMMUNICATION CONSTRAINTS

Abstract

Intelligent connected vehicle queues, as a core component of
intelligent transportation systems, have made remarkable progress in
research in recent years. However, they still face many key technical
challenges: In terms of communication reliability, V2V/V2I
communication has problems of delay and packet loss, while the
heterogeneous network switching between 5G-C-V2X and DSRC may
cause queue oscillations; In terms of the robustness of the control
algorithm, nonlinear dynamic coupling and disturbance propagation pose
a severe test to the stability of the system. In addition, complex
environmental adaptability challenges include mixed traffic flow
interference and the impact of extreme weather. These factors jointly
restrict the real-time performance and security of queue cooperative
control.

The objective of this paper is to investigate the state estimation of
two specific signal transmission processes under limited communication
scenarios, such as controller input signal packet loss in a noise-free
environment or vehicle queue state estimation subject to external
interference. To address these novel challenges, this paper transforms the
vehicle queue model in the Lagrange coordinate system into a dynamic
equation based on the U-K equation and further derives unbounded

constraints in an extended space using the differential homomorphism
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method.  Specifically, under realistic conditions, this study
comprehensively considers the randomness of the system and
environment, along with relevant state constraints, to establish a new
system model. Additionally, considering the impact of introducing
communication limitations in the minimum safe distance model on the
system equation design, a revised vehicle state equation is formulated
based on an improved vehicle model, leading to the derivation of the
vehicle queue state equation under the new scenario and the design of a
new control model based on expectation.

Specifically, the work of this paper is as follows:

(1) Design of intelligent networked vehicle queue controller based
on U-K method

Under the transformation of U-K method, we transform the
traditional state equation of intelligent network vehicle queue into a new
state equation. In this process, since U-K method can not directly deal
with bilateral inequality constraints, we use differential homeomorphism
method to transform bilateral inequality constraints into new equality
constraints in space. The new equation constraint is substituted into the
system state equation to obtain the state equation which can only be
connected to the vehicle queue under U-K method. In this way, the
equation of state is more boundary, but also contains more constraints,
which can describe the possible problems in the vehicle queue more
accurately and more in line with the actual situation.

(2) The control problem of intelligent networked vehicle queue in
the case of limited communication

In the intelligent network vehicle queuing model system, we
consider the communication constraint phenomenon to build the model. A
new vehicle queue controller is constructed to simulate the signal limited
situation in the hypothetical case, and the control problem of the system

v
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under the communication limited situation is studied by obtaining the

expectation, so that the queue system has higher robustness and stability.
Bo Wang (Applied Mathematics)
Supervised by Prof. Liu Hongjian

KEY WORDS: Intelligent connected car, queue control, communication

limitations, robust control, minimum safety distance
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h—h_ <e<h-—h_ (2-9)
FETR AL TE UG, BB A (K 2R 005 LARR E B R R B 4T3, B0
h=h (2-10)
BEANA T B RN e 2R BIRGERAS AR ABA A L2 75 5 A -
lime, =0, limé =0 (2-11)

BIA B R 22 e, WSk 3%, HEIRZE € ISP %, Il Rz ¢, isid| %,
BRI Dy 1 R ORIVRZE BA S AL T8 P2 A A T R I FE A BA A DR A g » 3RAT X R A

F RGN — AL R
gg+§g+=0—»q=qa)f? (2-12)
Her, &M G RAFE RS . b ERBATTLUR R SR, A5

BT REATRI AR, SRR, e SsiEIE .
2.3 AIIRZERILIRELH

E LRI AR p, B39 1] PRS2 B LR Mg, <P <D Re—NRUAA XL
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He e(h—hyh—hy). TiHTROIAERLARAE UK 1% PN T IEL M,
EAFERATT R AR AT T i SR S A M o BT ATRATTAS B B HR AL BE XA AN 5 LR, [
S BRATTR FH 0 TR 7 o0 L A o TG s ] 291,

Wy R 5E R . X A s E CGREZED XMy, &
T: X—Y, BEEAR v v x, JFATRIT - $R06EE. MIFRT Mo
i

S JRAT T3 B0 A [ R AR A, -

s, =T(h)= ! +k (2-13)

i ke +k? i
[+

Skl KR R I RS kR AT BB 2-25) R 2-26) K i
Voo T A AR FIRIG TR, R i B LA T 45 BT AR
BIF, e MUME N
¢=T"(s) (2-14)
SRR IS BB UYL IR AR\ BB DTAE A 31 2 S5 e 928 244
SRAIRAT AT LA 75 31

.5, =0 (2-15)

L U-K 52 B s ik o sG] A4S 21

A(s,8,0)2=b(s,5,) (2-16)
.y 2m-1
s, 4.9 () ,E:b—Aﬁyﬂf&)ﬁ .
0s, 0s;

24 EXERZ

ARSCHIETE 18 RE RIS AR BA A RS A B B 45, o0t A% SERA SR A r A R ) 3
IR RE, FRATTHR T30 (R IR A DO 20 AR L]« JATE 2 1 57 1 KAk
PRA NS S AR, AERI U-K AL X s i, HaE st
ESWAMENERY RIS SRR R TTIE, R SN e 224 BA 51 o R XL
UAFEXLRMU It 2 8], PLSRBLE U-K 5205 FE T INARAL B, N e 4k
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PR S BT 58 € B IR SR

38 REYIHEMRER TRENTIRESIGE

V2 LREEH RS, 5 O ARGR NN AR S ERBOHER, BE R4
SRAEIBATIERE TP AN, WIRT DR A AN S0 58 TR IR M) 28 oK A 4%
i BETHIT, S AR AL DRAE 1 AR GRS E PR [N 8 S0 1 B & N AME AT R %
B, Mg 1 BAF 2 SRR R 1,

MAEABEFEH, JATTBT T — AT A SEA e TR 2 88, HAz 0 |2
RAMBAF A Forr, L T IR BAS 28 Geit a2 B 20 a6 1, IR
AR B iR W PR BEAT A o 10 BB W A DR ZE S, R ARG E 1 A S 15
{5 5. BLoh, BABEHER] 1 Rom B R OL S AT Bl R b S 45 REAL 25 2% BA
Loz BIAM G BT B TR T, JFERLIRA b A T KRS E AR T, A
T T RGNIRE B RN,

AL A 3 T 4 P 2 U R R O 4 S PE AT B R A, FRATTRERH 1 AR
WA R AMRBNTE T, RGiRelRis R Aaett, RHIRZEE B R NES;
JESCSE R — N BRI E X 8. A1 LE T30 B 3@ A 6 77 1 & A S B 2 TR
BB Z 48, iz H aE T RSO R BR BN 5, AR RIERR E TR [F]
I, > 7RSI, AR G A S P R g s

3.1 BAFEHIRS T

B ICAE FR G AN B8 2R AR iR 5 1 T B B2 o FATT AT AHERR 4R BA
FI T AR EARZ A, 22 )5 FIBAA i 3A ] X 25 FE B AR L) SO B A 2R Geids A ) 52

Mo T2 bSO YRR AL, AT AAS B ZE BB R K T s, IiZE)
JikE:
ms =G (5,8,1)+ G (s,8,1) (3-1)

_62T’1(si) .

S o
’ 2
Os, Os; l
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10 T30 R R B, AT DA 2RSS B E R s, SRR AR
ERFRATT Tt N AE 22590 A 5103 B AR A i R T A 2 A0 A B R BT e in 1) 20 R — A 1
X, Bf:

§1Si +§2Si =0 (3-2)

MAEILSE R, RGOS R Hh Bl 2 5D & I VP 22, iRy FRATT 75 2L
F&E — AN R 1K 51 T A5 BA 1 HR 2R 1) SI2 s A6 B 3 2 FRATT AT BA 2 Lt o e
TRATTET LUK 55 1 5 20 1) SE B B AN YR A B 2 TR w2 52 XU B -

lim ;= g5, + 58, = 0 (3-3)

t—t,

Hep, ¢ B —MERIIIGAE, RAETRATTE B3 9] 8 BAR T B € .
L FRATT AT LT DA 42551 25
G =u,+1u, (3-4)

B
PATHs L 3Ch RS HOA A E MRS S A Bz s g, JATAT LS 3
{1150
(3-5)

= ‘a{]bl [%Sz j +A4p5.

3.2 BEHLEBIER TSIRESIS &

FET LIRNEG0 LA R bSO B B i e vt BATFERE I8 w, (1) = u, +u, H R
Bt 0w, o — AN AR S A LR e, Hohoe(od), H
P(@=1)=p, P(6=0)=1-p. XEp(p>0)RRESIEMIME.

EHE 1. ERAREYEZR R, AEHSEHN N RGEMEE CMREdR
FefE, HUWSOEZ SR p Bk,

UEM: | ESCRIR, fERAREYLIR R 02 )5, )BUIN:
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, =6-2mf3 (3-6)
Hr, BEAAE & oA SR At .
RGBT RN
s =G (s,8,¢)+u, +0-u, (3-7)
R R AT T34 FF 2 7 5 5 5 b HORATE W R G R Ve

V,= énA/’z‘ﬂz'2 (3_8)

. 1
i SCRATET 51 5 =5+ A

HH SRR ATT AT PASR H 2t 37 R R B O -

V=B = n%ﬁ,-(gié} +OLP) (3-9)

XU AT 45

Eﬁﬂz%ﬁmdw+wﬁﬂ
6 (3-10)

- ASEA ]+ pAAE[A]

T 3 76 B I ] REHE R R ) T ELAR R 804 <O, AT LAA 0
E[V, ]<-|pa|mE[ 5] (3-11)
B[V, R GUEN, AT UHENI R B AIBEHLE RO T RS

TREFRRE, JEHIRZE BAIARIEL.
3.3 {ERISEZINA TR TSRS 7%

FET S 2T B R R A I TR SR B 9 B L S i
9, LT R, RATTEIIRATE A M TR . Rl 7R
581, () =, + 10, R Uy N AN T & (£) 0 &, (¢) RE0B B 3043 7
HEANE, JiENor. mRA LS a8

u, (1) =u, +u (3-12)

1
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Horb, ) =u, (1), SRR R u, it R u, = —Ks,, R E SO
SRS I, WAL R 9 > 0 1675 25 (1, — K5, ) < —95"s =~V (s,).
i (£) T A4 5 17 45 5 O 5 T T4

EH 2: fELSHAEEERARAE T, E R u, & — R = oy
ATHIGN T, BRI R G OR T A B & — B FH%, BIEAE R H09 > 0 g
FAHRE M o?, R EMANTI RGN 116 A2 FRTTHH A2 -
o'V

Y (3-13)

oV 1
LV(S) :g[ul +u2]+30'2

WAFAEH AL 9 > 0 FIGEF AR B o2, A3 HEAMBA I R BEN 116 A2 T AL -
LV (s)=2s[u, +u,|+0’1 <=9 (s)+0’ (3-14)

H ik, e B M =\/% PLEFR A KBIREIT >0, (595 FERt>T H
”s(t)”g M -

WEB: B RGN R u, 2R T K, (¢), B (¢) 3848 = A0,
BENE, TTEN . MW RATH S5 71 m] PARIR AN
uy =1, +5 (1) (3-15)

FH AP AT 228 P 2 U S R BORAIE B R G AR E 1
V(s)sts (3-16)

FE 26 A 2 15 K R MTT I AN BRBOR TR 1, R EI R Y, = |fs] .

MAEBENLR G T, HTAh S EAE, RGUIRS ML R A BENLIE, ik
IR S AR U SR T v I FROIR A VYL ¥ — I 80, i e 7 e 1
TR BEIRAITGIN 16 A ARG T, AT 4 TSR FEA L) Ty
PR 2R U R B B A T

R 116 3%, XtV (s) ARG, -

ov 1,0V
LV(S):g[l/l1+u2]+362¥ (3—17)

THE R 2 A 3RAT AT A 21
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2
v =2s,8—12/ =21 (3-18)
0s Os
BT BA AT LATE I BB SO AS £
LV (s)=2s[u, +u,]+0’ (3-19)

VRIS MR A4 1) 2 BB TH R, AE TR 1T AT
2s[u, +u,| <=9 (s) (3-20)

Hrpr >0 AR WA
LV,(s)<=F,(s)+0’I (3-21)

AR - G S IE
E|V.(s)]|<-8E[V,(s)]+0’ (3-22)

RAE R AR, X B AN AR 0 5 T AR 2.
E[Vl (s(t))}Se_gtVl.(s(O))-l—g(]—e_B’) (3-23)

Mt —>ooff, FATATLAFE:

N

lim supE[ i(s(t))}ﬁ% (3-24)
1M X _ESCRGR AT LS 2 Y, = ||s||2 , WA
lim supEHs(t)Hz S%j (3-25)

BRI FRATTE X -

_ | ]
M—\/Z (3-26)

WIAEAEFS 7 KSR 8] T, A3 X T e > T 32 -
s (¢)]| < m (3-27)

IXIERA T G oy IR R AR 4 S5 1) HIRARES 5, (¢ ) B8t IR ARIE 142 MR X
BN, B RGHEARE 2 Ak,
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3.4 REMASES

ASCAEH] MATLAB AU A AT HUE 07 5, ARG IR 52 i ) BA B 42
SLARIRE MR LR R o A/ N B 4 LSS IR N TS BN 2 PR ) R ST AR,
I 73 AAE Z8 48 it D0 R4 40 25 A0 o A 10 AL AR B DA K TR ARG vt 207 2 A (1 S J M s
P AT L5

FATMB B A B Z ¢ g A R (0 AR S R LIS AT 1Y, IF B B AT 7T
TR RIS . 6T CAV BASIH A RE— 44, A AT AR AR AR 0 R s

HIBILRSE

MR E

HEED

2g_E=Elval

BN
3.4.1 FENEBBE TIIEHIZRNMHELSR

FEAR AN FLH , FRAME R e X IR 42 BAA H e A7 ZE A0 R A T 2 th 1 42
il 4 NRATSRIR G B, EASIYIUAER YRR I b, ETT AR T BLRLS B8R A1
SR EZ WA 100km [ b, 750 2 18] 1R 42 1) BRARAT )44 W0 B /) 22 4 SR B A R 0
N i15m, FEIEPIAERARTEE N[ 10m,20m]. SR ML Z AW UG 4

FEARZETE [—5m,5m] XE N BENLEE, HkZm A NZ o, Homsk AR 2 r)

22 mls’, RMASRIANAGIIBEN A B 01 BAMER p = 0.2
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—— VehicleZ
0.64 —— Vehicle3
—— Vehicled
— Vehicleb
0.4+ - Vehiclet
% 0.24
# ——
2.4 5
m 0.0 =
I me”'_—-‘-—_ﬂ
H
.24
-0.44 \
_06 T T T T T
0 2 4 6 8 10 12

FifE (i)
HSEAE T 52t A4 i 25 B AT TR] LA 2UBA A1 o CAV (PR REUn R B s :
Bl 1 2R B R 2 AR
B2 AR

—— Vehiclel
—— Vehicle2
34 —— Vehicle3
—— Vehicled
Vehicleb
2.5 —— Vehicle6
oo
<
£
EI.S—
B
14
05
0 T T T T T
0 2 4 6 8 10 12
BfiE) ()
39 — Vehicled
——— Vehicled
Vehicleb
254 — Vehicleé
0 2 4 8 10 12

6
FfiB) (53

Kl 3 s AR L
W 1 o, B 8] 2R ] R 2= — AR A BUGEL 0 A ), (ERE G I TR] 1)
R, EWi R REER 2B A R e I R P lan T8, XEREERA]
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P 4l a0 T, 2R A ) B0 2 Ta) B R 22 AR B I 1R) RS AR i 2k o T
FEORIEZ 2RI T, BB BT 20 2R (8] BEAR 22 4E 9s Ja 2B A 58 Al FR

117 P 2 F g 1 ZE AR B o A 2 R EAR AL, m] LU IR 38 el R AL AR
BN PR S IE BRI R, AN S AR S A D i B = e A, (E
Bt I 8] A HERS , AEFRATT P BUE RIS E R T, 25 2 18] i) SR sl IR A B T
T A B AT 3 AT AR K7 215> 2R 0 2 8] (R s A2 AL, X A
FRIER] 1 AEFE 4 N B AR e

3.4.2 ZHNFTFHIBR TINEHIZRNHELER

SEELE QA T IS EA 2 PEBA S (K2 45 07 FOH B, 240 T T IR mfE
IR, AR L T, B FIERE K R 2 2 2 B T3t (HEEE
IS TR)RIHERS , ZEA A S AR BT it A3zl 2 A N B2 R, RARRIE S
(A1 P UR 22 B I (] A% 320 T Rl 1% o ELBA A o 1) 22 A0 Sl AT ok P th A
RIS RER B2 TN AR E o IXUE 7 AERATHT I sl as bl T, &
AR SR INTIES 2R E2 S e UER 32 St C SR 1

ZEEEIRE (K)

Feti) (8

Kl 4 2% e BEiR 2= AR L
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6
Fiie) (7

REE (m/s[1D

Fefie) i@)
s 2R A
6 2 A A

3.5 AERLE

AT T —RAE R EEARE I N R [& S HOA I 2 X 224 BA 21 1
SEMHTEE T, R T8 S BT B AL B PRS2 RSN T I I S DL o 8L 70 i
ERRRNA 1) B /7 S AR RS ST T 2 BN 2 1R (0 2R AR DA B R 22 s A5 D R O i i A
IVASE eyl e e PR Eaia D B Mt Al SNk 1 s 4 D W 1 B 7/ B K
RN 1 AR5 S ) & 1) m AT 1 SR B el B R AR IE 1 AT P BT
PR A% P HI O
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£ 48 SYITHREMERMW TRURZENTESI A

PRSP TRER I, 3 BAFI SR GEAEAL oG S HOA e VE R Bk, Bl 4=
Wz 1122 S B ARA AEE) L AR IRERR S, IX BN B A R 2 4% 1
PEREANARRE PR, BRI, 72 JRAT (PRI HE SR A LAt B, AT SIS EOA I 5E A
ML, DA S AR ST B A B & N fE 1050,

N, BATB TRt ZHCA e VE R 8%, KR a7
Uy, TSRS TE AN R R BRI RS H, RIS & A5 0 u, DL R 1%
ZWSL, FFAELIRTTRINE T2 RGBS LRIS, Jah, FAiTHE— 2 8 AN
BENLT-H, GIAnREAL 200 AR s e 7 Ko, AR 2 M v A e TEAEZE T
RGBT T RGUES B E PEATRENLIA S AL FVE TR (1 e A g 17

A 3 A3 53 I 2 U R bR RO 1 BT AT 0 AT, BRATTIEM T
AR S BESAE S B E VEAFAE TR D UMR IR FF IR 0E , TR R G MR E
PERNPZ S L o 31X —BETH R D S B L FH #1408 RE R IBCT 22 PA S92 ) B2 A3 17 5
T AR SCHE

4.1 PASUFERIR

MBS IE T, BATALE S [EIESHOAH E PRI B I i a2
(7l I =5 8 B S AN 58 1 A F 2 il 2 O 25 1), by e AT 1od s g i A ANt i 2 80

T BLRA D IR T s, B — B el BAS — i AR 2125 18 2 BA i i 1k
Kz sh e, JA AT USRI S H A E s sl iR an T
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; :_8T’1(zi) xil(t)_ﬁT’I(s) 8T’1gs) ;2
Oz, Os 0z;
o (s))' -
[m & )] [~Co (O (0] F - AC, ()] ()]~ aF + G
=(m 8T4(s))Jé?_6T4(g)1xd()_GTJ(s)IaTJ(s)&? @1
0s, ’ Os, 0s, Os; '
_[m. or™! (s )} Ci oT™! gs ) I(Z‘) aT"gSi) $ +5Ci—1 (l)+E:|
0s, i Os; 0s;
_(m or™! (si)} AC 6T"gs ) P I(Z‘) orT™! gSi) § +Xi_1 (t)+AEj|
0s, i Os; 0s;

FRATTAE A /N1 v i R FH 2 B Al ME R A 3 42 1) 25
1T E T S BN e PEDR 3R AR i 4 il s h B & 2R 0 5 A5 1
23A 175 P8 B S A 2 PR ZE 2 RN, AT 75 0 — A R
HSEAE . R IRA T 6] 45 2 SON:
ul.(t)=u1+u2+u3 (4-2)

R A P SRR S RO W 5 T ) 3 B4 77
w, 299 By = TATRIRSL, u, =AM,
Ft, T oMy ZIMIKMAEEER, BA15 N FEB.

FAFR S B 3E B Ty

R @)
Hrr,
1
m’lf|ﬂt| >€i
Vi = ]l (3-4)
_5f|luz| Sei
e[
H = :Hi Hi = (771‘121‘ (t) + 771‘22.1' (t))Hl (4-5)

Hrh, e>0R - MrREs, SHmEKIL(). oeX, WTHE R

(5,,8,,0,,1)ERXRxRxR , 1§15
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(M o1 (4, )j"

0z,

max
o,€X;

e
-{Aq or_(z) 2%, (1)

(4-6)

0z,

<Il,(z.z,0,1)
R BT R B AR B
W ERNHPTBOE N, BARSEA e R ARRN, (HIEID 5] s
LR K T, () B

4.2 FENLERER TSRS %

140 3.1 IR TS HAE VE PSP 2% 0 H 57k, AEDLSEAE
B, T ERIBIRAT R A, RATARE R B PR L0, [RlIN 2225 e R 3 A
YR8, TR, AT AM M et B9 A SO S TR H RS, R

Bt u, ESINSERT 311 A BTG AF 55 A 20 A R BEAL A2 BORAS DL 22 4 BA 1] 47 Bl

WP R ERIEIE . R b, FAT B BT 04 S, HHEM R
UL RS R A T R i A RE [
SE B 3 At BRSO A e B S ] g BT, BT A 4% I 4%

u; (1) =y 1, +ug PR w, PREIN— AN SRS R A LA R e, o
0e{0.1y, HP(@=1)=p, P(60=0)=I-p.
NMAGARIRERE, MRS, BEXNTRAR >, +T(d.r), &
GORABRAET LB, (1)< d
UE W FATT B 4 A FITE S5 s A7 B o Tt o 42 ) 8 o 1 S A8 0w, 47 7 5%

Fok, HHEREIEEBRD . BTN FENE R u) -
=0-u,=0-mf3 (4-7)

Pl S A ) A v e TR A DA B R GE R iR 2 R U R
B =§i(u1 +u, +u, ) (4-8)

2
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S A LR TR 385 0 S 1510 ) e N B 2 B A5 T A

,Bi =§i(u1+u;+u3) (4-9)

2

Horb, u AZPR A RIIE R GUIRE W e AR HASZ ZR, KA
AT LUK u (I TTRRE 1 — AR T, ARSI 2 IS BT ) R iR 22 sl
MEET, HREERZSEXBIIARE;: u HTAMERGRAESE, Flin
TEREBORRT, 2w, (R TH 28 RGIRBSMME, B uy=myull . K
iy, I E G SH, R RGRZE R B R NS TE T e B &8 0k R
ARG, ull BT R%E, PRIEAMETT TR ZEAH .

M4 1 M 2R e RS E 1 BRATIAs FH 23 3 Vi % R SO R 0 2 e O A kst

ITHESIAE . BRI BT e SO AR T R R 2
=y @

FATH B EARMRE Y, <0,V >0,

B BATTR Y, 475K T
Vi=mpp (4-11)
o 2L VR BB SRR AN B 3 T AR
V[=%(u1+9-ﬂﬁ@ﬂ[ +u,) (4-12)
¢
BEIUETT:
V= mgzﬁ u, + e.gﬁf B+ mf u, (4-13)

X FIRTTFER AR

E[V]:EVZ—?%}E{—G??"Z @2}+Em—2ﬂw3}

:’f%gﬂf]u,ﬁ 2’" E[ﬂf]%“ﬁ[ﬂf]

(4-14)
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8T R BN, EI7ER NNy tRBEHLE, BN 1AM
B, E AR T E TR 0 7 (B R S K

0 F R A R AR KNG, B, <, RS,
LR 2R BN SR IR R 2 2, L FL I8 ), B et 5 R W 2 e T
R RTS8 S BUR 2 3] R R «

TAE RGFRAVE LT lim = £,5,+ £,5, > 00 SETAINMSHRTH,

VRIS KON 1 £ 5, 5200 I B[ 37 ISl SR, BRI

W

5 E[uj] i
E[ﬂl ]S _p)|ﬂi|naf/é’2 (4 15)

XRMPREARKM AR A TERIE R, st N —MaE A X, JFHIs
P its ZEA 1) B BLR 2 ST iR «

E[uj]
T(d,r)= — (4-16)
( ) (1_p)|/li|mi /4/2
M RGAIRRA T, IF HIRE 2
E[u3]
(2)|<d = " 4-17
BP 2 KIIE] t e, REGURESHATRERX:
1B.(¢)|<d..vt>1,+T(d,.1,) (4-18)

E[”a]
]_p)|/1i|rhi2/é/2

o, T(diari):(

HUE AT BE R g e & Fe e, MAAAER S d,, A TIAm
t>1,+T(d.1;), REREEEWHL| (1) <d, -
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4.3 FEHISFZINFTIRER TATIRESE

2% 3.1.2 T RN A 2 HOR R 5 M RN 7E 4245 ik 41 0 O, L K B8
AHERIZBNITRE Z, o AR REA B SO0, 7 005 I — AN S E 4 S0

191, SKAEMFEAFAE S BN E TEI IS IR T, BRATPT BT A S8 i€ PR 9%
il # U5 RE ORAF RGEMIRRE

SEH 4. fEIET EREREMIBKIR A IR 85 Mt B, JRAE R BT 0,
I — A A w0 o0 A B N AN R T K, (¢) 5, RGBT AR 2 i

lim supE[sf (t)} <N (4-19)

{—0

UER: O 7T RAT RGRIARRE M, BATAESE BT i H 4509

u=u,+u,+u, =u, —ks, + & (t)+u, (4-20)
Ho, 3Ai15E X
u, NEIHR A1
u, =—ks, (1) -+, (¢) R S5 79 3 v A 30 A1 w8 0 o A RO A0 S8R, 3k e > 0 )
R, K (¢)BHANFRRE);
uy B IERAE R 7, T HE S EOR R E PR 2R U TR
b SO b 50 T 4B 7 2 ) Rk T R R ZE AR R ANl o) [R) R D7V, AT AT
DUEE ) R s, A2 78 8] B BAR B A N
§=T"(e) e +T'(e)| Af, +Au, —k (s, (£))+ (x (£) =5, (1)) + Auy | (4-21)
Horb MR G AR LRSS 22 ME: Aw, 5 Auy 53 N RG240 R ) 2 0
HIGRN Sy 72 As, B1AK 73508 RG22 78 B 2 H A SN 2% .

SEI FRATTRE S B oy 5T
L[s,(t)]=75(t)+ks, () (4-22)

PN ERBATA LIS 21
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L[s,(1)]=T"(¢)é +T'(e,)
LA+ Ay =k (s, (1)) + (5, (1) =5, (£)) + Auy | (4-23)

1M 73— KRG NRRE T 2 BT, BATF ZE S —ARe 21 R
LR GURA IR R RS T R s, b oy ek sh 712, IF Bt
BRI BEEERT s, , FHIRATT ORI s — KT s, LSRR R
R, R GUIRAS 1) 2 R AT %

i, FRATTE AN R bR -

V,.(t)zg(s,.msg) (4-24)

Hrebo >0 RS, FRER “SEEEPRSEE” M IRAEE.

S HoR G ERATAT AT 2

V(t)=5,(5 +as,) =5 (L[s,]+(a—ks,)) (4-25)

Mo T T, AT a=k, GHIRATAT LA 2]

V(t)=5,-L[s,] (4-26)

PO, BRATTAT LU N B AT L[s, ] F, A

V()=T"(¢)é’s, +T'(e)s, (&, +Au, + Au, —ks,_, + K, —x,_,) (4-27)

FFCHCECA I . T e R O R, RATTRT LA )

E[5(x,—x_,)]=0 (4-28)

HISFIEYIE R G h RSN )15 f (%, X, )38 H i L P e Lipschitz
FAF, MIAT R GRS R AR T R 82T SR A, R FRATAT LK R
45 bR B A FEEIGHG /2 Lipschitz 264, 42185 Auy, Aug TRUUARHE o254
A — A AT R A

E FR T, AT BLE A Lipschitz Y PL & Cauchy-Schwarz A&7, X}
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