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High-precision Control Method of Mechanical-hydraulic Three—dimensional

Parking Device in Time of Unstable Density
JI Ruzhe, XIA Lei
( Changzhou No.2 People’s Hospital, Changzhou 213164, China)

Abstract : The parking space control of hydraulic stereo parking device is an active mechanical lifting control process, only taking
user’s waiting time as a constraint. When the vehicle density is unstable, defects such as poor control accuracy occur. The high
precision control method of the mechanical hydraulic stereoscopic parking device under the time of dense and unstable vehicles is
designed. The weaving control conditions of vehicles in the mechanical hydraulic stereoscopic parking device is studied to
construct the spatial control model. Considering the parking density constraint of hydraulic stereo parking device and the unstable
state time constraint of user parking, the parking device control model is built. Ant colony optimization algorithm is used to solve
the space control model and time control model to complete the control of the mechanical and hydraulic three —dimensional
parking device under dense vehicles. The experimental results show that under the control of the proposed method, the average
number of moving steps of the parking robot is 10, the average moving distance is 32 m, the user’s waiting time is controlled
within 1 min, and the average parking time is 56 s, which verifies that the optimization effect is good.

Keywords : time of unstable density; mechanical hydraulic three —dimensional parking device; vehicle weaving; ant colony

optimization algorithm

0 35l

BGNE R et 2 CHE R AN S A R A
W B T ME LU P B AR OR 1 A
Sy 14 T PR P 3R A A A5 B R AR A6 T i
R UV ST A S A Y L AR
SR TR ARG, HUBGIRE SRS A B
FEGHE G AR, A6 G5 o A P B TR 4
PLER FETA ML N3 Bl nl A3 28058 1044
SR AR B XA ST A = 2 e o ) Rt )
FRZ o BRMRAEH Je o3BT 145 42 BRI 14 3 Y

B LA B AT RE ST, ARG 70 A 235 SR 545 4 2R
RCUBCE AR, S AT RE R, R AR
PSR A AR R R A S B SR, S 4
Bl o ZOT AR RS R A LA AR Bl
ARMB BRI, LI EY e B P
R BRI T — RS AR R PR R A TT i, e
TR R MM AR BT R ] B PR RO R SR
TR R BT T T R A R AR %5
AT LAAE — 5 R b 4R i P P 45 R R (L HE
BASEEARR IR 1) 5 T Al LA — 2B Ak, DA B D7k LA
SFREN RN AR A, GG AN R DU

EETB LA HE AL IR TREIE (CZQM2021082) ; VLI FHE AF & 75 H AT H (2022Y0126510)
F—EER AN T ILE (1989—) , B TTAE M, TR, 4B #1557 m A PR T , jjjeee2223@ 163.com,

. 234 -



-BR5EHM - FEY,F-

F AR AR ST ) T AR B L ARMF S LR S A 5k

FeSE e i i R R — A AR RS R R
LRV (R 24 SR AT T 22k — o e ) 4 o
TT AT BRI

N T AR AR AR R I E] o s b IR T i T A
FE TN, AN SR H A 0 2 S AR AR 2 e 1) R AL
PRI SE M A R PR T 0k . IR LR
TR SRS 45 AR A 1l ) R, A 1 4
fER AR P AR | JHG v s i) S R A kA
AR S IR U B (] AR AR A 2 T, sl 2% 3
SRS R B Ak A% S8 5 O i P AT A Y

[ AL,

1 HWBEEIEEEFEREETBRZH
’Rig

PR Al P 3R M ST AR A28 428
HEAE B A A0, R A Bt 4300 o
m, \my, TR RS AT 4 B AT Q %A,
Fm DHEAAAF R ETRRERR A P, =
%pm,klke [1,0]} S Hrme [1,m] ?pm,k,fﬁ%%%
SR kNG, PEAIRAR A p,, T BRI HY
R DB RS £, AR /AR P,
WHAEA S, <f. o FEREIDLESHR A
AT A T A

THAEHIL A AR 4290 ) MUAROR T S A5 425
B R P TR A A A A
MINZE ., H R=1{rlie[1,2]] FmRHUMRRTEL M
PR E P RIA AL, R Z SR HUMOIB T
SR G E TR AL A ROBCR . TERRIRCTAR
AR AL N L RERGE — 4 Fe ks i R
Tl B HNH AL N T s 3, 4L
NAE iz i f v iy S A v, Al s R R
CEp

Vi=SxZ (1)

A S Fon i A R

FHRT T AU S A5 42 B4R M A5 TR 3
AL v, , O R0 R I H R R R] | F S I ] 0, 5
SR T, 5 BT 4 my, , AN 5 2 LR ST
RIS 422 v R R R A AR IR 1) T, 5% P 1) 7601 5T
EHAMAL, B RS oA, W Ty =U (T .,
TS.m;Jx ). T, = U( Tis T ) m; = U( m s mmax) o

R T A5 42 A 28 RS AL
HABGALAF ANAL T 25 RPIR S I, 5 22 57 RIDRE 42 495
iz B4 B S 4 TP ) 4 A 3
IBTSEBCE BRI TR AR DU RGE . M i RSy
P[] /N T 250 25 A5 ) P 2 0 ke 7 a0 A A5 4 2

B g, BRI R A B
W g WM 1 RIS, 15 R HURIE
PRS2 S R B SRR A g
PR

} BEFRRSHETEEERELH
L

1) EAAERRS S B4

AERAED U ST A5 A2 3 = A 2 4L
FEEHAT .

a) JEAR AR ST AR 42 B T I B AR A A
HE T

b)) 2L 25 B (KT 40 i 22

NI 228 TR AR 8 TS OLT B
BT MBI 7 A5 42 206 8 A I ) P 5 TH 2
BN BCSE AL T R I AR e AT AE
HEEWAO ) it LRI AR R
BT R R AR E R S ES IS
Al LB S VBRI &

2) AR FE AT (s AR 7

TN AT AL AR FE AT R TS R AR AR
1 B S BT, MU e ST A5 2224 B
RN T F R EWE 1R,

Ey |

JaR)

0
fA X

B1 HWBELKEELRETER

BT, 0 A ARG TS ,1.5.9 A%
(DA =y 1 R ¢ N W U iR vl e LN DS =Y
7R s

a) 23 A P i A 8

NREG R A AL AR I, PR AR AR, T
VOE S AP AR, 2 RO /N B R g I Py | 7 42
) BN 1] AR 57 P HE I — HE U B, b % B
KB, m o0 N B PAFTE TR =
[ Al A

- 235 -



-BR5EHM - FEY,F-

F AR AR ST ) T AR B L ARMF S LR S A 5k

CC=Smin[leE(m,n)] (2)

A€, N EE e O AR b R S LR

E(m,n) 2 A8 sRE, HIT IR MU S A 5= 4

PEEPE m WESE 0 WEZEZEHAELSH

TEBLT R AT AR R A SR A AR A

B BEIE  BRECE (m,n) WY 15 WERATETE, B

BE(m,n){EHN O,

23 (Al AR A 2 o SR TN T
E(m,n)=10r0,Ym,n € B

b
Y E(m,n) <E, (3)
m=1

B,(m) # B,(n),¥Vm,n € Bm # n

K B, FORZEAE MR e S AT e B i
BB ARIERE B (m) (B, (n) S BIFTH m 4
5% n WAL T BB 0T 5

b) AEFRAS B[R] 2 B A4 A5 A

WM AR EESIEN,F.(m,n) AR
TENUMOR S AR G2 B b i iR g i 22, Bk —
ERRELE(m,n) WEATIE S M F (m,n) 5
B, 25 e P 09 SERRR ] A SRR, S AR ] 42
Bl

F (m,n)=bS[t(m)-t(n)] (4)

e, (m) 1, (n) RoREH m W55 n BT
BUBRICFE 7 5 65 T8 B0 () 555 m
AR T ST A5 42 b i N AT R I (]
ARG R B AR T
t,(m)=t(m) +t.(m)

t1(m) _d(m)
y (5)
d(m)=d,(m) +d(m) +d(m)

t.(m) =w, 3, E(m,n)

S0 (m) 2R W1, (m) 274 0 T
() BB 57 5 54 o 0 52 4 0
S id, S W B TR R0 K B ¢ d, K
FRAE A TR B TR B d, 20 i
VLRI T 1 JE 30 40 BRI 37 3 4
S 0 R, 0% M B S
WAL B L AR E RT3
A BRI 57 5 20 T o 0 1 26 0T 5, i
T 2 7 e .

3 MREMHREERESHERESK
BUK 7
7 FEAR AR A IR [ 15 4 2 B2 2 TR LR

- 236 -

T A5 22 VR R IR SR TP Ak
ST B AR A, B AR AR IR

D) WG AL, & n Fom g SRR Y B bw
ff R S U, U B WOREOR AL 5808 1 J o KA
BN, FIERRREL N, , 2 SRS 1
WAL e A R SR R A S A B B
BB HT g UCUEFR G AL, 5 — A~ B e
RAGING B, 76 46 B BRI P8 KRN B[] 152
HO AR ERE B REERE N 7, (1) =
Coa T e N EEL AT, (0)= 0,

2) HE 08 St A AR PR R, B

Ny=N,+1 (6)

3) S S HIBA SO0 I R BRI k=
k+1, JFAE G R rpo g iR R 3R 1, JRITHI IR 1L
AbFE

4) N, 5 g HEER, Giit m &R D AFAE
A B3R TR B2 I 4 FRON KB/ I %5 B 2R Mk
FEHEY , BEEUHT [, S5 BEAR RSN 3R L, 15 25 P A it
BHAENE R R, G B 1, SR h
MR ER Y IR 2)

5) YIEARREL N, NT g BF TR A
BT U 00 o A b i 32k 6 0 IR T AR
pi (1) TEMIER SR ¢, AR AT

(7,0 ] [, ,(0) 17
, O =<¢
S 0] ()
pi’,j<t>: ﬂi,,-(t) , CRL- > ¢
X M)
0 At
(7)

T )0 TN ARV IR) AR T s A B A 2
B MAPRGL)) (i) PR MUY T EEAE 5 o
FRE BRI HZRLE (1) Fon i kU
T8 FRs m(0) BN BRI 0 KRB &
B Cp AR INBT IR 7, il TR B8 AR (1)) A5
PRIIEFRRIE AT

m, ;
Cri=—" (8)

A m, RN AR (i ,7) G

6) SRR EL N, KT g i, FIH L5
YT AR e R A S T R AR TR 0
WOER R 1, AR AR

7) BT IR 22K

8) GLit U R eI AR 3R b i B, i RoT



-BR5EHK - FEH,F

© F AR S BY ) T LR R AR E R AR AR ik

RKOT n A HALIKS)
9) fEAE P R B R

10) ARG UKL N, R T4 T R R
S ] 42 Sl 6% 7R R Ao i) 42 74 5 5 ) e

BN, H 2
P , SIS A 05 2226 T s B 421, 5
MR EEEET)

BARR AR i 2 R,

T

PR R A2

T 5
Ni<g @
TR A

I TR
IR PR
]

| R R R R |

4R

B2 BEREREE

4 HESHH

4.1 {HEINE

ST B UEAS SC T I AR R, A
Matlab -5 Xf JHCJ& R 2547 40 JC I, 5 B9 i 1Y
BEAILAS i h BEALE R B B, T SE 6 Y e e &
Intel i7 CPU H1 8 GB RAM 1) PC L5528, LM%
FHAV 18 sl XU AR 22 % 2R PR R A5 R
JERE G RTINS 38 & T R A
JESRE , v] [ AR bR 23 8], 45 42 RS RT3k 31 4L
T, WA X B A A S e, AN S e At X 5 1) T
FAa AT, P R I g 5 5 R FH AR 2 3 53 oy
UL BT PR TR RIS FAR R R
Jiti, 22 4 B LR 5 A A T AL ol A T A T 2R
A, AT AT W R A8 1S A TR B0 I HL AR A

B HARBHURSL A4 SR U 3 R

B3 MMt EEENTEE

B ML ST AR R I A R 12 £
FHBEREEN 0.2 m/s, FHFEHALIZN 7.5kW, A
T SO E A A0 EBRZERSH 5.3 m, W4
FRRATE R 2m 06 LR SR 1.55m, A0 %
W R 1.8, WA 3 E I 10 MUK
R SRS 3 5% AT 400 120 4>, AU
A R 55 2 A AR 1 2 RS B AR
S L AR S e, 05 B0 i D O R
ZERL A NG ) o AR T P A B R AT O e AR B
AR, B S EOR E . i R R AL
S=1, ZEFRAEAURIR T 37 A 58 22255 B v i o kA
FHERE, =5 FERKE 7, ,(1)=0.5,

152220 T 1 R 55 75 B T 1) A [R) B B R )28
RIS AT K R — A AR RS, BT &
g FF S fg 328 38 B0 B I Ab , 328 78 2R e e A AR
fbo A SCLASE B2 B 45 4 B2 1 B i 1 sk R 4],
JRITBE(7:30—9:30) fFEIEZ (BB 1) 5
FETEBE(11:30—13:30) , B4 52 22 ) B0 K3k
FHAE (BB 2) s A R BERTBE(16.30—18:30) , 1
FHAERNREZ (B 3) . BT 3 e ELE
A A et AT S e A A T B B
M Rk . 1F Matlab “F & {8 F{ exprnd fiiy 2
BRI A 3 NI BN AR B A I BR AL
4.2 AENBANBHSKIESITLE

VEFH 25 B8 SRR B] A ML ST A 4 R 2% 4
PR T TR 3 ] I FSCHk[ 4 ] T isTE T
S A NSV RS A o B W i S B
54 R ik SCER 3] Jrik A SCk[ 4] 5
Pt o ], 7 s A AR A LR N RS B
RN R Bl R B /b R IO T, iRy
PR EE S 4 TR

- 237 -



- BE5AYL -

FEHY,F - BRIARSH N TAMGRE ZARME 5 LB S8 7k

50, -e-Fifiiik A SCHR[3IE - k(4] %

S
[l
l

|

)
=]
I

LR

[=]

3
LR s
(a) Balib R
100 - JIiR L A SR e SCiR[4 R TR

A\/A\A\A

B BIHE S /m
)
S 3
T T

o~
(=)
T

[ )
=)
T

3
KR il
(b) BBl

B4 AENFANBHSKMES

H 18] 4 ] 7E G il A v I LS A
s K 5B ah il B Z B IE L, X5 344
I, BT A ENLES AR S K i B 8l
PR BRI RN AR AR B PR3 o 10 2, B
BNPE R 3R 32 m, PRIA BT D i g vy Y 2 (] 4
TSR AT o b R BT AR MR 4 3 9 19 28 R 7
(SR TUN TS S SN AN 2 AR K s YN
Balib KR
4.3 RARPEfFREITE

W TP SRR I TR S 48 b, TP 45 15 B[] A
i, LS R O R By . R B3R T vk R T
D M R & 5 PR,

250) o gt A SCHBTE - ST

200

1501 <:><:><‘-7.‘

100

50— 0\.———0\‘\.

FEINFA)/s

s

&

P

5 RP%fEatE

FE_E AR B, T vk T P A R e
[ HIAE 1 min DL, SCHR[ 3] 7775 RISk [ 4]
D7 P SR R B I 2 min, 28X R BR,
FERUIB ST 05 2 2 A Ao s il ad R oy BT 42

- 238 -

D7 R S I ) fe 2 TR A T 48 07 ik AR AR
TR ST G 3 B B R R 2 PF T R 3G A
BESRAE A3 R v 2 7 I ] £ T S B AR 4 4 A
AR5 A7 75 R A B A8 R O A 4, T A 3K
AR B AETR 1]
44 EBERETHEEMEXLL

e LR S8 BN, B T R U5 1 3
WKL 3] ik M SCHIK [ 4] 07 3k 17 2945 4 ],
P05 A [ A0 S 5 7 ) ) 2 AL, S A5E A ]
BLAG 1542 vh g I (8] 328 I ) 3 BT A TE 458 K
DRI R P AR R I ]SRN S 56 B R 07 ELF
& ASC A MER . WHAE R 6 fs

80
e
= 60

= 501

SRS A R/

a0l
-~ Uik A SCRRIBI . SCR4ATIk

30 | | | | |
2 4 6 8 10

BRI TN

6 EEXREFHEERE

HIP 6 AT, Bl S 96 OB S, % LA P
P53, T4 75 vk - 24 A s i) 1% 249 4 52 B A
LIS 56 s, S G I RI BN TR 1 G
RO Ry . NN BT8R 05157 TR S 1A
TR B A AR S A ORI P 5 A AR RROIRAS
I TR] 2495, SR T T WSOHRE D2 A 301 5K i 25 8] 5 1
) P i 1P X5 AR ]

5 &g

TEBCGE PR RS0 R ) R0 AN BR ] A1 LTS
JC i ik BT 22 (45 2 2 B AR DA A Rk
15 ZEHEBA RS a4 45 (0] 8, FE UL T 52 R AR SCHR R T
TR AR AR AR AS B o) N AIUAR e ST AR5 e
R BRI . E RUMURROR R 57 A5 4 A
EARENFIR AR IP KR FEE KA P A%
TR S T A 10 A, A S 1R 25 08 P 25 5 B[] Y
AT T AR R rh N 2
(] 47 A AR R0 o [ 42 Tl A R | SR T ORE ARG A 5 1%
S AR e T B R R T AR IR
R, A WU Hs N A 2 ) 18 R K R 25
TEL
(THE 243 ])



B

- BE58K - £

L RIATRIR B K R Mgk B AT AR R 8 X B BT

4 g

1) BT B — D PO A T I IR | SR8 A
PUIEAT IR | X 2 0 P9 2 1) S A R M /N, A

2) BUlEAT I IR AR R AT | K A e AT iz g, 7
AR TR AR B0, AT 20 1 R ) AR PR AL

3) BUIEAT IR IR A R 85 T B M A S A ] e
B FRa s bn . O 1 AR X BN R 4 s
17, AT T A PO AT D8R A5 #R A6 AR 15 IE
AR,

4) BRI R 1A AR P FE AR B R DU AT
IR AR R AL 3 2 BT R, Rl &k e S
HAB 5 Z AR, B 10 P AR 8 b g i LT
N T ARG IB AT, E AR HA X
B IR I P AR MR PR i A2 1

N4

% SCHK -

(1] W78 RER. S ) e AT IR e s o A [0 ]
i A1 , 2019, 17(4) :350-355.

[2] WA, AR T G, 55, DUt T iR a4 sh AR Al
Xof e R A1) A e P AR M [T, BB L A,
2022,42(2) .8-14.

[3] WAL (i, BRSO, 45, 56 T HUueqT il dic i 52
R 2 e RE AT (D). ML TR S A 3h
1k.,2016(6) :8-10.

[4] ALONSO A, GIMENEZ J G, GOMEZ E. Yaw damper
modelling and its influence on railway dynamic
stability[ J]. Vehicle System Dynamics, 2011,49(9) .
1367-1387.

[5] A, e, SBs 4 RGesh Ji2e[ M]. il Pi g

2R R, 2019.

e HH9.2023 - 04 - 21

J \WAVAVAVAVAVIVIVIVAVAV \VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVIV IV IVAVAV AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVIVAVAVAVAVAVAVAVAVIVAV IV AVAVAVAVAVAVAVAVAVAVAVAVAV VAV IV IV IV AVAVAV\V\

(E#58 238 TT)

B% 3.

(1] SRpE, E46 06, %, RIGHIESSE 2 S0 i
15423 CBTC it e Yz B RE 1 i [ 1], 3T il
LAY ,2020,23(6) :159-161, 165.

[2] FARC TR, A3 i . JCE b 37 A5 422 WU
RGNS BRE[T]. IR 53, 2022,46 (1) :
143-149.

[3] BRI, BRIESE, F i, 45, RAU /0 A5 4237 5 P RA
WHEIPEWIFE ()], EIR A R4l (A R B¢
W) ,2020,39(4) :17-22.

[4] LI M, HAN Q, ZHAO Z, et al. Research on new
scheduling optimization of three — dimensional garage
based on genetic algorithm[ J]. The Frontiers of Society,
Science and Technology, 2020, 2(6) ; 58-67.

[5] #& WG, 57T 5% BRTRHRESATHEEN
BREAE ) TE AN ERAR LRI [ ] HUAR BT 5 i
T%,2023,52(2) :51-57.

[6] WTrsh, MR 210, 55, 2B LUK MR A T
Sh RS 305 o T [ )] S is i AR G TR S 0
H.,2021,21(3) :131-139.

[7] BREEEL, Mo, WM, 55, T RAM LR G S E5 A
SCPBEACR IR S [ )], S8l is i R o TR S 1R
£1,2020,20(3) :169-173,226.

[8] CHEN Y Z, WANG T, YAN X C,et al. An ensemble
optimization strategy for dynamic parking — space

allocation[ J]. IEEE Intelligent Transportation Systems

Magazine ,2023,15( 1) ;347-362.

[9] YANG Y H, WANG J C, XIA Y B, et al. Three —
dimensional stopping sight distance calculation method
under high slope restraint[ J]. Applied Sciences, 2020,
10(20) :7118.

[10] faf [P, 2032 A8 6 1) R 2 I 2 o 405 A5 28 1 i ke
R RAIE ). HERALE T, 2021,38(10) «
3078-3084.

1] ZE6z B RN, kT, 5. BT ORI SE R 2 i
WA R SR TR )], I S &8,
2021,58(2) :305-318.

[12] 225k, FEfE X0, 45, T woit BBk TR R TR
VT ] R RUSR i [T ], o [ HLAR T AR, 2021,
32(9) :1126-1133.

[13] 2, BRSO sk, % B ICic i ey b= iR &
{5 AL RS 23 TG ) REERIE 52 [0 ] A2 3d 35 i AR 48 1
(5 8,2022,22(3) :190-197,223.

[14] WANG X W, SHI H, ZHANG C. Path planning for
intelligent parking system based on improved ant colony
optimization[ J ]. IEEE Access,2020,8:65267-65273.

[15] LIU Q, ZHANG Y, WANG Y, et al. Research on
parking space allocation of stereo garage based on
improved genetic algorithm [ C]//Deng Z. Proceedings
of 2021 Chinese Intelligent Automation Conference.

Singapore ; Springer,2022 ; 1-10.

%5 H#A:2023 - 03 - 21

. 243 -



