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ABSTRACT

Collaborative optimization model and algorithm of train
operation adjustment and arrival-departure track using

ABSTRACT

At present, the of China's railway transportation industry has occupied a very important
share in the national transportation industry, and the research on railway transportation
organization is also in full swing. Facing the growing and rapid development of railway
transportation business, it has become a research hotspot to reasonably allocate the existing
railway resources and give full play to the railway traffic dispatching and command ability. The
adjustment of train operation and the application of arrival departure track are the key points of
railway operation dispatching and command. The main objectives of train operation adjustment
are the sequence of train occupied sections and the duration of train occupied sections. At the
same time, it is necessary to adjust the arrival departure time of trains, etc; The use of arrival
departure track is the fixed scheme for the train to occupy the route and arrival departure track
at the station. At the same time, the train operation adjustment and the use of arrival departure
track also complement each other. Scholars at home and abroad have made some research
achievements only for the optimization of train operation adjustment or the operation of arrival
departure track, but there are still few studies on the optimization of both at the same time.
Therefore, it is of practical significance to study the collaborative optimization of train
operation adjustment and arrival departure track operation.

Aiming at the problem of coordinated optimization of train operation adjustment and
arrival departure track, with the help of operational research theory, this paper establishes a
multi-objective optimization model and designs an algorithm to obtain the optimized train
operation adjustment scheme and the application scheme of arrival departure track, so as to
assist railway workers in decision-making. The main research results are as follows:

Firstly, it combs the research contents of train operation adjustment and arrival departure
track application at home and abroad, and then expounds and analyzes the relevant theories of
train operation adjustment and arrival departure track application. In the relevant theories of
train operation adjustment, the train diagram, the influencing factors of train delay, the situation
of delay, the operation adjustment mode and the result evaluation are described. In the relevant
theories of the application of arrival departure track, the elements of the application of arrival
departure track, adjustment mode, station operation process and occupation time standard are
described. The correlation between train operation adjustment and the operation of arrival
departure track is sorted out.

Secondly, in the process of establishing the model, considering the adjustment and
optimization of train flow at the macro level and the utilization optimization of arrival departure
track at the micro level, taking the minimum total weighted arrival delay time of the train and

II



ABSTRACT

the minimum occupation cost of the arrival departure track as the objectives, an integer
programming model of multi-objective collaborative optimization is established. Through
model analysis, it is determined to use the hierarchical sequence method to deal with the multi-
objective problem of the model, so as to solve it. Combined with the characteristics of the basic
pigeon colony optimization algorithm, the algorithm is improved by using logistic mapping,
adaptive factor, Cauchy distribution and Gaussian distribution. A hierarchical sequence pigeon
swarm optimization algorithm is designed to solve the multi-objective model in this paper.

Finally, according to the selected example and assuming a variety of delay conditions, the
train operation schedule and the change of arrival departure track operation after the
optimization and adjustment of the model algorithm are obtained, which provides a reference
for the decision-making of the dispatcher, and verifies the effectiveness and feasibility of the
collaborative optimization model and algorithm of train operation adjustment and arrival
departure track in this paper.

Key Words: Railway transportation, train operation adjustment, arrival-departure track using,

Collaborative optimization model, Pigeon-inspired Optimization algorithm
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Fig. 1-1 National railway passenger volume and turnover
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Ximjn|+xim+1jn| Sl V|m,|m+1€|; VJHE\], VIEKJH
T¢ E':T-d. T¢ }
Im+1in imin * 'imin

Zz inmjnlékn Vipel, Vj,el, VleK;

inel j,ed leK;

3.5 ARG

AFEXSHN I AT R S B LA I R DU A IR AT T @, #0E 1 LR BIR
SR s I 8] e 20 5 B 26 o FH 9 T B NI FL A, 91 3 AT IR AR 20 SR 2% 8 e/ 31 I )
IR X NBATI G /Ml a5, BIRGIE 2R G187 R P mE— 1k, 2
REIEFEME—VE BRSO E ZREE . AT, AEREZ H AR s
s BT T BRI Z H SRR TS, 2R A RE . 2B B SOE.
DR BRI R 50k, I HAKTE S G AT 2 5 B Zia AP a1 22 055 3ov
JZIR, BE SIS R H AR AT AL B . AR SR H br 8 i T IR EE 1)
Sl B M RN B) e /b, FR I b o B Zda F K o 9% T B, DU S A AR R SR g
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ASCHTESLIN A i T IR B S Bk iz T o R AR A 1 22 F AR B B0, SR
MEFLROR o AT 73 R 73 38 Tk shA IR A RS 0 SR SR S i) 1) 438 471
W) b BN ) ) Seas FHALA T B, RS T 22 R ) R SR AR 22 02 R R ke U
2. AT 2 B A0 R A a1 R e S 3 B AR R ORI R 7 R SR
BB XS L. TR AL, TR, ORI A R seBl ks, ik
SRR SFerER. FE RN ECD, REAEREIN R SR AOHT S, HMORSCR I RS
DA TLIE XS AR R AT SR A

4.1 BAEERZE

REAR RESIEWY IR I T A YRR PE R R B 05, IR AR R LI B AR 30
WA LA ar ROREARAT N, X8 BRI A 2 1 AAF LRI SR S 10 7 Uitk A7 24
i s, BTN 2 IR RE . AR B E AR AR A, REEAT
sl e BAAEYIRAT AR, 1T H R T SRAR S8 B ) AL S5 SRS SRR R A
BREHIL . PUOVRSRAURIRRTE, PR sSR! RESLVA RE s bR H AT — S e itk
Biko WA N TR R SRR D5 T R R AR, BN AR FEM. Ry
REELEWL, WORESEPY N T SER L kR RO LA 5% . fE 24
RER BESAHR G, o S FUA BT SRR AR B (AN AN 75 R AR ks i, 2
TR St

CACE I A ST 2 T SO RO B I L IR SEE DY A BT s R LS R T A%
SR o bR T RS B T AR BB B R T R A SRR T HEAEAR
A B & N AT AU R RO A SREDT ot R S A AN B A Bh A2 ST T
R REOCAL SR AE . SO U SR A ik S 2 S B A ASORE SRR B TR A AL 8K
REFLEIOL, Gha A*BEN It SORESERIO S . it N T 500 B ol N -TR T SRS N
TR SRR B R 2y N TR SO . o at K BUBENE A - TAE L
A EORE N PN i b 7 e 47N N PN AT U EN SRR

4.2 ERBFMLEE

£ BT HIR 2 ALV B AR, s I e A R R A T s s, I
FEF AL B A @B R B EAT R, O T A2 A& 0T H br . BEARSREILIL LA 2L
TR K S BOg ik L e A BE STk, RS54 K — b ELBORT A e SR
RAMFIETE LS THHENREEAM RS2 1228, AMZ RN e R e
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B T NS ENE, BAEEEENE

4.2.1 BSBELICESHEA
RSTREDE T S0 2 T RS T £ S MU 5 MO bR S T LA VR B ST, X RS T AN AT
FRHEATAIOL, SO R4 5 (OB A e S SR R U T, 7R B AR
TEA M SHD, ERFE A AR R 5 eI, IR b v s . AOREIE AL
BRI, 0. TEREE T MBRSE T . 2 H M BA8 T RO
"B 0 I (1 MR SR 3 AT 7 160 24 L B B AN, 0 PR R SR
ke fir kAT
(D) 4R T ASBERTIAZE AT I FEehr, S 7 ) f M B R ok | i, 3@
M AW B AT T 1) o 76 SR PR A IR BB T T, RSB AT AT AR
J9 BRI AN AT, R HLARE A B A fR B AR B B R B, 4 AT A
Xi =[Xis Xigs- Xip | AV, =[Vig Vigs-o o Vip|» b€ (1,2, N}, Ap 675 B AR AT 4 A1)
BHL DIFERER, A RAMAMR A BRI, 7E D 4RI T, AR H R
BRI HT . TES RIS, MR E X iV, #mT Bl an R AR
HEAT VBT
Vi(t) =Vi(t-1)*e™™ +rand * (X, - X;(t-1)) (4-1)
Xi(t)=Xi(t-D+Vi(t) (4-2)
bR, R RRHRAE R T R AR T, rand R0 E 1 2K
(B, Xg Fm L BTk 4 R A, W LALAE P8 p A TG F OB, XA AR
37 8 TT LLESE 0 A RS T SR B s R DR B B AR AR B SRR
AR RRAE 2 YT B2 1k, JF HAESRAGI Xi A8 S AR LTI Bk SR . Ui
WLHITE R A L TR, ] 4-1
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Fig. 4-1 Schematic diagram of compass operator model

(2) HbRBE 7 BEA ML B ATIERE T, Bl HAR R H e, g
T B ML RGE A AR AT ST BUSEAMRLE L TR IR BRI AR, A XA
PR = E KA H R R AU A E bR, IA AR 2 ER A 2GS
Hebrpas 1 KB H B9, AEFRREAE R, SRR T B AR M Ik
o, B PG N AR SR AT B 0 T SRR R, SR TR R RSB AL E L X,
SRARA SETL Rt bm 7 OB 4 1 B e S AT I 8] 5 IR B s T % R HAR NS %5
], HRAE N 2O RS 1 AL B AT

Np(t) = Np(;_l) (4-3)
Np
Y Xi(t) fitness(Xi(t)
Xe(t) = H—; (4-4)
Np(t)* ) fitness(Xi(t))
i=1
Xi(t) = Xi(t—1) +rand = (Xc(t) - Xi(t-1)) (4-5)

b3, fitness() & RV iS5 & AR EL, rand ZRENLEL 0 22 1 Z 18] 1) — D EUE .
AR AL SR A b S B L) S AR 225 Ty [ R AR S A B AR I A B, RN
BT BSAT AR B S I EERMEE T8, bR RENS AEAR G (1 I 8] A PR e s, I HLAS B e
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Fig. 4-2 Schematic diagram of landmark operator model

4.2.2 BEHANEELHE

RS TEOR AL SR ) LA D IR R

Step: {45 L PRIF BT HEAT BEAR AT UG A HU A B AT B M5 5, L8 B () P 0o AL R
AR TR o

Step2: XTSI SIE A S BT HIMAL, MRS I4EEE D 35 AR
B Np, ¥REEHF R, WMEFIEIIERKE M Nel 1 Ne2, FHHER Nel >
Nc2.

Step3: VB AT A XS F VIR BE LS A CAT IR 15 . RIS h R L AS T i&E
RLEAEHRATHEA, RIBYIR R

Step4: #HAEfamE . Bk, WMIEFAHAR 4-1) F (4-2) X R F1EE
MEEARATE R . B, XA ST IRAERER EEITHES, R E.

Step5: 4 Nc>Ncl, fFILBAEFEREI H T, HENT —08E. B0, 4ksRiET Step

Step6: {K#5 A 3(4-3), K5l N EEBARM —FaS T2k, HEEKYE (4-4) KEIPTH S
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TR E, REAOVERR H K, Prass R Wiz, KaEA (4-5) R
T RATTT 1Al DR B S DC PR AR 7 SN N R A o
Step7: 34 Ne>Ne2, {#IEMARE 7IR3R1E, JFRbgiR. S0, 2] Step6 4k4L it
1TIEA
HE SRR

( JrE )

A 4

PR AR 1S5
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MR R R A 5 AOE
WA S5 A E

A

A 4
THEUBT A (138 B A I ST 4
JRf EXg AN 4 s 52 el Xp
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IEARIREL?
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Fig. 4-3 Flow chart of basic PIO algorithm
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4.3 ETHEFII-SURSE RN AEERIRER R

b TN A SO S A A R 5 B 2is O R OCAC Y BEAT M i, A H AR
M HbREA Z WS W R, Bt AR T & Gis T B P 8ik . A3 )2 4
R AR EAMES &, R RE M T RS iz AT R S Bk 2is I R AL
R0 J2 7 51 - RS R S

4.3.1 BSERAERRH

ASFRE DO SR B PR WS IG5 T B — e DB, (E A0 AL SR RO A
R REFIEA MRS, BRI A SN R R . AiTCARE A0t
77 B, Eedn. S E SO B AR B P TSI NSRE R, SN RS R R A ) 2 R ERIA
B RORARIEE ; BOBRESFOTIR — 6 4 Wil fr b i@ L 51\ B RS BRI AL S AR A A
t, A RIRAERME H ARk EU, ABEDFNRIREA . A ST =7 XS S AR AL 5
AT AL AEMEERIRTAG AR B, 38 PR T SRS Y AR B AR (R 2 R4, [RIIN 45
5 I7) SR 2 BT A A ) B AR 2 18] 7 g R BE K AES BN B E I 1, O 1 REE XS FE g B o
T R AT AR, BRI RES P RV B AT R, A2 )5 ST DURGE3E4T
ek, BE— BN e RAREE R, K, A RITHBGIARTPEIE), bR
TeHT BOSI N TS, 2 RORE UL SRR M N R B e LRI DL, T DA Bk ok 4k 2
BEAT SR

(1) HIhafg i ot

SRR AR I RIS R, 5 A 2 B SR DU B IR AT SR IS
Y. R, fEARXS EEBEE T HAN LRI S U A A B 1R B 2= e e
r B ORI EL IO SRR 22 7 RE AL 2 & A = LA 1 7 TR BEAT 1 R, AR W e
RAFLA 27 U, A RFRICEIE . BIEHESE =M, 2alk: Bf
BEALIE S XA aR 4 i i A BBURKRE vy DA S BAT RES ¢ Bl P i sh I R 5o 3 VR Vel 2
WX AR TR AT WAL, BENS ELRR LI AR MR A R AR VRS N, Db SR
LS

W LLEITE Logistic J7 iK™ EVIUAHIRIAL & . FAKIT:

Xpa=0xX,*(1-X,) ne{01--N} (4-6)

¥IUETH X0 €(0,1), Xy #0.25.0.5.0.75, 4 o =4 , AT R G0 2k 2 52 IR Y]
ERAE, X, €01 . A(@-6)r] LILER G, BEHLEY™4 0 B 1 2[RI BEHLEL, i 2
RS TEDA S0 T T SR AR A A 2 11 05 B M [ N N ) 23 1T 4158 D o R4 S0
AMEAEE AR T AT WG4

Ni,j = Nmin,j t Xn >l<(Nmax,j - |\lmin,j) J 6{1,2,-'-, D} (4-7)
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B, X, 2R Logistic e, Ni j SORTEREHL AERIWIIRFIR S, 58 i DMK
5 7 4R, Niax, Nigin 273 AU AR 5o BE T Logistic WU BATIATL R, 18
MIYIUEARIRTAL, HI46 Xo EAVEREAE 0 & 1 ZAEEPLER, AR IRMRNGEDF,
PR AT A RS R D9 TR A 7 o R TR RS AL
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Fig. 4-4 Bifurcation graph of logistic map

DN TR 7795 7T DLA SLEYIA TR 2 REVER I, (FE SR ARAE —SE MM, A
W A TV SE AR AR () B A T 55 . A 2 R I PE A A A ey, R %% 78 2 TR 5
R H M, RO PEE IF IO AAAR, X e A B ISR AR IR AR T . e T
15, RKHITREMEA — iR IR LL A RTARSE R, BRI E7E LR B RIMEAIBAILSE . IR
NG, T LA VIR B 2 R

X1 ORIAD: fEDEZRIAT, M =(Xy, Xy, X p) o D 445 7] R 2,
Xy, Xg, Xp €R, X; €[R,Q]Vie{L,2,--,D} . ME &AM = (X3, X5, Xp) AT LA
TR,

Xi=R+Q-X, (4-9)

SEIL 4.2.1 o R IE IR BB fimess () 5 T LA 24 3 AR S 160 78 ) B 0047 VPAR » fitmess
PSRN, MR ERAT . 0 T AR AR SRR M SR IIEM - 44
fitness(M) < fitness(M ) , B[V S ARSIt , AT B P52 1 A 5 0 T, 7 A/ 17 00 0 £
BACAETAR . FEIN T IRV S A S S, WA TE T RSB AL SR B0 £ R
e HA K T WIS F T, AR AR L T LA L S AE A AR v AR S A o
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(2) faratt ST m ot

TRFEI T R AR R SE T, W SR BRI ERE s AR5 B2, JoH
FEAEFIRIIGEI B FEARE RO P T MR, P e SRR WSO 1, —
SERESE ERGRT R IME. EHEHOLN, R AMERALE 0 B 1 Z (e BEHLILEC— A E R1E,
MR SO T S XA BUE I AT & SRARIDRE i SE bR I SIoE 7 383 22 20 (4-9) T 0,
R(E)FHMERN, ™ MEBUR, ROMMEBOR, o™ FUMEBVN . SRR H,
ORIEERTINA — Ve B R 256, Fk e REREN A RERIAREETH: Fiks
T )5 I BOb AR & PR S BE 1, JF HLREW X B IR ML BEAT RS A TR R . (R,
X R G E T LI — £, BEE RS, mEd T (4-9) X R TR

R(K)=———— o)
8+ xe "
k:—%Nd+ﬂm (4-10)

WMGP&J,ﬂwﬁ%&ﬁﬁﬁ,%%:Lbfﬂ%,Nd:m,WRWWME

WIS AR AL AL i e T P BT .
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Fig. 4-5 Variation curve of adaptive parameter R

ARG FEAN R 8 7 MRS A R rh S AL B 22 e, XE N R EUE fitess()
BEAT RS, SRIME RS A IARE, EREHET R IR RSk T,
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R T HERAR I RS NARAEA—FEEAUR S, 35Dy B ik BUE A —#F, 2T
AN BAEE 225, ST HORSCIHEEE R 10 250, Rz F PR,
T- fitness(X;)
fitness(X,)

e fitness(X;) R ASRE S | RS TGN R AL, fitness(X o) FoR AR R
RSBEERLEE KA, HAR (49, (4-10), (41D RAAR (4-D) th, BEHIEHE
LTI A R T TR

Vit) =V, (t-2)+e T *O 4 rand * (X, - X; (t-1)) (4-12)
Xi(t)=X;(t-1)+V,(t) (4-13)

TESE IR S TN B, AMARHE T 5 0 B 8 SR (4-12) R A 3 (@-13) R 4T 57 . sl
AT ST, BRSO T BRI BOO AR BT KGR, hasE s )E
SO B PR AR B HEAT ARV ) P4 R, DGR P A B TS RSB B, AT U AL
2% B (1) 335 P AN

(3) XL S

I L _E AR A T RS BT ST HEAT G SLVETEUCSIE T L AR
BRI 0 RIS RS J7TH, #A TIRKREEE R, IF A B2 R s
T B S N JR AR K L, (EURE A — 5 BT REPE RN R R AR« A 7E R (4-12)
o, EAMATESERIA B TSI, ASBETTE MALE DA T 4 R A E Xy p
ST, TR I AT T, O B A BN ST T 0, I R Bt 2
B AW S, TR IET 0, R(d-13)0h BH RS ME T H, XML T g
T 38 AR SR AN R R o 5 N A S 3 A s i 30, X AR B 7 AT Bt
AT DM S EIEAE N R B e 5 TR Bk H IR 4k S AT+ 5

T G 43 A7 (MG 2 55 o S ek s F s «

(4-11)

1
F6%,Y) =~

T

4
——— | Xé&(~%,+0 4-14
(X—%f+72] e o

A Xo FER A BR B TR 7 BN AR AR, 7 AR R IR AL T — I 1 B 1
Mx=0, y=18f, HEIRMISHERTPES A, 1A X~Cauchy(0,1), Cauchy(0,1) - xH)
TERRHERT PG A5 2 RIS, RS R R .
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Fig. 4-6 Standard Cauchy probability distribution function
FINFIPEESN G, BT @ WEIE-FET 0, [RIN &N R B E R FF AR, DAk
FITE AL T SR B L BT o 7 BEVRAE 26 Sy RHIAA, I A By BEREANS T4
A i A B AR B B RO, TIHDE R i R D N Rl . J8id T 2OR 78k
AL E W K.
X: = X, +4*Cauchy(0,1) (4-15)
ARTRIANBK, & MEDEE . BIEYIEEH BRS BE EAE  LBOR 724
TR R, B ERIEARE N, 857 B o RSB, JEEET
R g, HENUCSII B 5 AT R AN PR N 0, IS AR EF B S TE S AT B X g UK
SK, WAL AT 280k () B AR AR 3 — o BT LA, RSB -1 2 P AR S (4-16) K e E
A DA KT T30, F LT CAAE— e R R s A R A OB 1 o AR (T 20 PV,
& XU

%P:
Vg
= (4-16)

Vb
Np

ERrr, Np RRFBEEEEE, Ve[ ViaoVna]» Vo TRRET i 15 d 4ERT (R
B, Fifde[L,D], ie[L,Np]. HRIFEREH (4-15)5@-16)LN, BIIME = RE
WA,
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X: = X. +V. *Cauchy(0,1) (4-17)
EfR S H T B I TR fE, Z B T is i H i+ 2 A R i
A O, AT DGE TR A, Rk S, AR EE AT DL Bk S A
B I IR E R E T B, TTRE IS FIRAH RIS, B DR PR B
B, BINE B SRS AT O . S B AR R R A R IA S B .
1 (x-p)*

f(x)= e 20 xe(-o0,+m) (4-18)
o~N2rx

K, Hu=0, o=1, WhErEREYANOL) . RBELE TR,

B 4-7 b v TR 3 20 0 b it 28
Fig. 4-7 Standard Gaussian probability distribution function

SHT—Br BR800, bR TE B AARAE S, YR, AT i AL E

FEAAR I AR, I FEBIME Ep LEAS T MAAR AR R A 4 0B B K, A SR SR AT 7%

2N RERI. &Mz w790, KN aS 7 i e AL E AT SR, B

S1RM BB B R P T A 5 R 15 B Bt e R O A B T OCE R A
X W

Xc (t-1)= Xc(t-1)+V =N (0,2) (4-19)

X.(t) = X (t-1)+rand (Xc (t-1)- X, (t-1)) (4-20)

M bR ek S 0 RS R FVEREAT IR, W] DA SRS A IR K52 T T,
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RIRECN Ne2. FIPRREN 5 m i sh = A 0 444 S S, SR AN BIE Es By o 1i8H
Logistic B AT (4-6) (4-7) XIWILE AR 1)3E BLEAR X AT IR AL R, @it A (4-
8) T BIUGALAR X BRI A X A P 2 BIARANFI 223247 R 5 H bR e Brh it 5
ER RS, 25 fitness(X;) < fitness(X;), TR R 45 X A8 5 WIRAIREAT B R
SRR, IXPRIE- S IR SRS BE O 1R ST AR LR I 2 RN R 2R

step3: X FAEIia AT I EE HhRBEAT v, RSB b AN IME SR B AR A S AT B
AR R T IRE B BEAEIEAT X EG, 15 BB B CAT B84, BDXEIE sOA 2Ry 24T IR B
X R RSB 2 i 3 T W R B ZE AT T R

step4: FEANFRFFEHE AR B I PERBN S AR R A H T AR (4-12) 5 (4-
13), X4 RS 1I8 B 5 B AR B B8 B o A i ARKE DL 2 M PU 0Bl i) 7 AR 2% A, lis FH A X
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TGN EEAE, RBIBALRIS ST T &

step5: 24 Ne>Nel Ja, TR st EFHEAER b, BENBIT —B4AE. B0, 4k4E stepd.
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Fig.5-4 Convergence curve of Z1 algorithm in the Second case of delay

FIEIEAT IR G, IR 1 90 4 X RIS AT 5 5 R 20 91 A il B 7

Atrmdi{ez

0%

10}

B

10

12

E AR

14

16 18

K 54 S5 RS OL T B AR Z0 SISt 2

20

1 15 21 H b ek

BUE N 708 214, BBV S A 107 2080, IR 5 uhitk B oMK iz E, |6
& IR 10 5 11 FETR IR S, 2R 10 E58 4 WK E IR A, ZFIR 11 (58 2 Wik E IE

o I SO RS REL A AT S0, R 5 IREERAGRICHIISIT IR T %

5.3.3 MRBEA=ZMMLER

SRR AL, ZEIR 8 FEGEuG 3 BIIAIN MG A 30 0Bt . xR, 1R EIREI4E

IEAT N 22 5 FEEARE W T B
2 5-8 B=EMRIBILARE NP EBITR %R

$jﬁiﬁ\ 1 2 3 4 5 6 7 8 9 10 11

#| | 13:05 | 13:12 | 13:19 | 13:26 | 14:00 | 14:10 | 14:20 | 14:30 | 15:10 | 15:20 | 15:30

: & [ 13:11 | 13:18 | 13:25 | 13:32 | 14:08 | 14:18 | 14:28 | 14:38 | 15:16 | 15:26 | 15:36

B | 13:32 | 13:39 | 13:46 | 13:53 | 14:46 | 14:56 | 15:06 | 15:16 | 15:43 | 15:53 | 16:03

? | 13:32 | 13:39 | 13:46 | 13:53 | 14:46 | 14:56 | 15:06 | 15:16 | 15:43 | 15:53 | 16:03

F| | 13:58 | 14:05 | 14:12 | 14:19 | 15:30 | 15:48 | 15:58 | 16:41 | 16:17 | 16:27 | 16:37

’ & | 13:58 | 14:05 | 14:12 | 14:19 | 15:38 | 15:48 | 15:58 | 16:53 | 16:17 | 16:27 | 16:37

B | 14:28 | 14:35 | 14:42 | 14:49 | 16:34 | 16:44 | 16:54 | 17:33 | 17:02 | 17:10 | 17:18

* K| 14:34 | 14:41 | 14:48 | 14:55 | 16:42 | 16:52 | 17:01 | 17:40 | 17:08 | 17:16 | 17:24

57




HhE HH

F| | 14:45 | 14:52 | 14:59 | 15:06 | 17:08 | 17:18 | 17:28 | 18:03 | 17:36 | 17:42 | 17:50
5
& | 14:45 | 14:52 | 14:59 | 15:06 | 17:16 | 17:26 | 17:36 | 18:08 | 17:36 | 17:42 | 17:50
% | 15:11 | 15:18 | 15:25 | 15:32 | 18:02 | 18:12 | 18:22 | 18:54 | 18:29 | 18:37 | 18:45
6
% | 15:17 | 15:26 | 15:31 | 15:38 | 18:10 | 18:20 | 18:30 | 19:02 | 18:35 | 18:42 | 18:50
10° . :
I‘H.
10* |
N
& II
% III|
10% |
102 I I I I I 1 I I
0 2 6 8 10 12 14 16 18 20
LR

5-5 =AML H AR Zi SIS 2k K

Fig. 5-5 Convergence curve of Z; algorithm in the Third case of delay
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Fig. 5-6 The convergence curve of target Z; algorithm occurs in all three late cases
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Fig. 5-6 The convergence curve of target Z1 algorithm occurs in all three late cases
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