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Modeling and Control of Elevator Extended Load-driven System for
Multi-storey Farm

ZHANG Jinzhao' WEI Haifeng® LIU Junwei'

(1. College of Mechanical and Electrical Engineering, Jiaxing University, Jiaxing 314001, China
2. School of Electrical and Information, Jiangsu University of Science and Technology, Zhenjiang 212003, China)

Abstract: Regarding the present situation of freight elevators among vertical farms to meet the new
demand for peculiar functions, an extensible cargo drive system structure was presented with the study
object of cargo lift for feedstuff, poultry and garbage transportation in vertical farms. Different from
common cargo lift, after elevator door and layer door opening, cargo trolley needed to finish the task of
passing in and out of elevator car through coordination running of driving motors in the elevator and
outside of layer doors. The dynamic mathematical model for internal and external motors of elevator car
was established according to the motor groups driving system. On the basis, trolleys were controlled when
they passed in and out. And a vector control method of multi-motor along the direction of rotor magnetic
field was proposed based on the model identification. The cost of driving system was taken into account
and the hardware structure was simplified, the method omitted torque sensor. The multi-parameter linear
adding weight model was created by integration of torque of three phase asynchronous motor, rotor flux,
and estimation of the rotor position in order to obtain feedback quantity. In the final experiment, through
the root mean square error, the identified results of torque were very close to the nonlinearity of the
reference model. The feedback loop of control system was composed of torque and other multi-parameter
identification results. The experimental results showed that the control method was effective and
advanced.

Key words: agricultural freight elevator; extension driver; multi-motor driving ; multi-parameter weighted

model ; vector control
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Fig. 1 Elevator extension system architecture
LGPl 2 xbdE 3 2% 4 RS 5 Btk
6. 1Tl 7.19. EBEIFEE 8. 3R 1E A 9. AT 10. e
11,19 Whise 12,06 BETRSIEAL 13, 2T 14, BF
1. prEARIE S 17 08, A

HUBEF 25, /N3 R IR 10 2 A, D 5 AR R
B, O S bl 3 A B D AR LB AT, Al
S A SRS/ 25 07 B A S AR N T B IR
ENCEZ 5 AL

BB G N, BB ) BT iz ik
B, Ho e i A sh5e i, s 17 A 23 5
B 3BT/ LS 5 B H T A B S e R
2 BT

(1) BB/ NG A

PR BN AR R T D AR R AL 4
SHERVHICREAR Y N

PR 2 BRI R AR AR R, LS P
BL A, TIMUTE R 2 T B0 R R ]
1%,

YR 3 R AR ALIKED T BN DR,
NI TR A A BT R R L AT R 17 U
HIPLIE AT, 5 R 2k AL shik B9 E AL LIS

AR A TIHUR B, BT TRUZ T, 2T B8,
P, BLG LR 2, i bas T,

(2) BB T 40k B E LR

PR 1 RGBT R E )R IO, )R

ABR 2 TIHLAE SRR 1A S 2 TTT 8 FTIT

PR3 R AR IR S B HLis 4T, i fE 5 14 Ak A%
B, BGTNEAEN R AEST  DUFE T [ A 1) S
CINEE

PR 4 BGONERR HBR TE TERE R R
VA 3t A 185 5 A 2l A7 2 4 ik 80 00 o 47 5 18
Ja AR ERLIEAT , RS i Sk ARG is
11, WS 8GN istT R B A A R T

1217191816 19 13 15



414 /B | R i/ = 2

2020 4

1k, Zon/ N EE AR S B E AR, PR AT Bl ke Bt

2 HEHNESTRERSHSN

2.1 ZAEBHEBITKE

MU EIs A7 PR s pbisfrid e, se B i
—N R, XS R Geh 4 AL, 0BlE T H
BLTTRBLRIZ S /N 2 G EKS R L, o aLs]
HRALAIT T ML i T AT e LA K 1 &
TEIB AT, RS B [ ALs A7 i, B P, A5 1T 56
1L TR LS AR S s S T THAL T AR, 2 on B
JRTTRZ T IHETT RS | O 77 R 4 22 2 At ] | A
FIRHLAL T8 B oR A . MR 23T R 2 A,

TN TR R AR R 1] A B SR Sl
PLER TR, RS R LA ] AL Ak = R
&, AR BGS adt ARS8 AR RS, 7]
LA BT USSR SR T, JR S8 TARRAS U
A,

K2 RGN IR R G AR IR, /N A AE T R
FIIFE Z 8, Ab TR e 7 &, B Een by /N
RIED 21y, I PRUEAS 5 57 i BE AR, /)N 2 DU J) i
FRRBEN 1, i TN AR o e W E R gl BT LA
BORUEDE H e R SR 2 AT IR R A 1, BT

INERG RSN, 5T R S R TN EE 2 i Al
N1y o BEEBTRE R S 4 5 0 T 5 R h 2 A
RTINS e T2k by Ze i, ADRAIE P FE ALY
‘SRR,

3%}

L |
! I
;‘7 |
P |
|
1 }
2 |
L- il |
ZEBI0IO)] T ]
I
, A I
P ‘*:¢ 2!
) ' b,

K2 BEUNERS R
Fig.2 Truck drive system road map
LS4 2,800 3. )R]

2.2 HHUIEITEES T

R AL AR, B 5] AL R ik
[0 AL CHRBL 1) DAAR, HoAth 3 5 48R = AR B4
HLAILCTTHALY AL 2, 57 RIS SR sl AL R FL AL 3,
B FERT, R — AR T TR HL TR, o8 i
Hl4) AR 4 GRALMZEITZE R, IR E %
TR T8 e ¥ 2 R 19, 45 B i ) B & T 00 % 4 a0
#1R,

R1 BHBEEYEBILETRES BRI EX FR

Tab.1 Corresponding relationship between motor operation and time when elevator delivered goods

Fis i) B
AL AR
O~ll ty ~1, iy ~13 iy ~1y ty ~ 15 ts ~ g tg ~ 1,
ML) 1 0 0 0 0 0 0
FTHEMLCRBL2) 0 0 1 0 0 0 0
kBTN DR Z AL CERRIIG ) (FRHL3) 0 0 0 0 1 1 0
TONEIRB L FTEREZ) (FRHL4) 0 0 0 0 0 1 1

B L5 | H LA R ALTE S 4T I AR 5 B B A T 2 D
BRI R TR 8 R ST Is 7ok HIbL 3 F
ML 4 ZIBITERTBE ¢ ~ 1, 0 558 15 5Pz 17, nl
AR BB 1, ~ 1y MARIESE

W/NETESR R AZ T4k B 7 h EE 52 RV BOHE ]

H o MR T, = Fo, Fl o Zﬂ FRFNEE R |

R
T.=9.55 FT” (1)
Hrp F.=mgu
KL T —FF3%H ,N-m
F— 8850 N ks 71 N

PN HAHEIE ,m/s

UZ

N (ER ) ke
u— I B EE R R R
WAL 3 BN RME S L j, ARG (1), AT
?Erﬁﬁm%ﬁﬂj%%ﬁﬂﬂ
T, 29,55 1 g 55 MEML: _ mem.
nj N wj
A T——HAHU R N-m
wr—fﬁz‘¥ﬁ W rad/s
Z e 2 W AL AR R, B MR X BOR [R] DU E:
—HHLEERE e b R e T H
2L

(2)

d)r_ ziﬂ - [T (3)
Lm.
0= _(wl_wr)wr-l-Tle (4)



5 6 1]

AW S ZIRR R RIS R G 415

X o, —FETF AN, rad/s”

HERR R me RE 5 5 R AR A SR A
8] Y B H
J— S kg m?
MR R mut e FAEIASE A Y B 8% H
TAEAEAR R me 1Y ¢ o1
o —— i REEE , Wh
o, —ETAHEE rad/s
T, —5% ¥ Il I 18] i %L

= (3) . (4) A5
L, T, Mg s

WL 3, EEHM Bﬁ“%ﬂlﬁlﬁ’%&&%?ﬁ?
B & 4t 58 4 AR A, D) [R) s 3R Bl N 4 4E A S
BR[ 157, A5
n’L

p—m

]L (wl

T n

w5 =

¢r3 :_Tr‘prs +

_niLm Tr 2 np
w., = JL, (o, _wr4)Z¢Ir4 _7T
. (6)
¢r4 :Tr‘p% +
AT"M = T:: (L ﬂlvll N ist4l//r4) =
mguv, (1 1
o (wi o )
A w,——HHL3 AINEE , rad/s’
w,——HHL 3 AEE, rad/s
s ——HIHL 3 T REEE, Wb
T,—HAHL3 SRR ,N-m
g, —— L 3 7 T RERE 5L, Wh/s
SR m
Sy, A
o, ——HAHL 4 FANEE  rad/s®
o,,—HHL 4 FHE  rad/s
o, ——mWAL 4 FFwisE , Wb
Tz4—EEH1 4 ERUEE ,N-m
g, ——HUBL 4 5 THERE S HL, Wh/s
i, A
AT, —— P LML 38 2 15 48 145 2% 2 (8] i 4 4
2 N-m

N R A,

I3, A

TAE me AR R ¢ Bl
/\i A

FIEE BN ELE LIRS B AK B T,
MBI R EZ MR TTA, WK 2 PR, el
B3 b 7 3 ) SR B R A AR N E R BT
AN, IRBh TR Fy AL 4“8 017, P B LA
B IR B0 28 6% /N 28 ot B T £ R BIL A BIK Bl T AR
F,, 55 L 4 5&44‘7ﬁm4 NERBE (N
M) BEJRTT 1, Ak A SRR AN 2 2 B 3K 5
T4 F, —»FM—»F /NI B ) o i AN [
BF DU F AL I, G RE T (T, (T, FEIB AT IS L AR B

A
3 BEZSEMIURR

A T 34T, A0 ST IITO AL 3 9k Eh /)

B i REC RS VR, B Sk B I Ok A

AR RAL 4 4B HGE S, TR I H

A A AR S AL 3 PR kiEAT, X]”C(6) AT
A, 155

2

w3()_ <w1() w3()) iﬂ()—
&Tﬁ(S)

Ps(s) = l/f()+ sm3()

0u(5) =252, (5) ~0,(5)) U ) -
n, (7)
TTA(S)

'//r4(3) = ’pm( )"‘ l 4( )

ATy, (s) —Tza( )—Tz4( ) =
n L
’JL'"(is,a(S)lﬁ,z(S) —iu(s)y(s)) =
m(s)guvz(s)( 11 )

J 0y (s) w,(s)

H=C(7) WA NS B 2 | R4 M A
A, L= A0S A f Sh LBl S BRI 5 X 4
FEHG TR 7 0 R A I 75 ST 5 TR R
AR DL L it 2 AR S 45 R 2 S 80 AR &
PEFISRAR A PR M A, QN5 BB ST G0 Rt N
Bl R LR AR Y | D) AT LR 5 9K 3 R S i sh Ak
BE, P & HL ML AL TG 75 20 2% 55 A0 15 IR 28, AR 9 S
B[ 1637 pRECC R



416 /B | R i/ = 2

2020 4

(k) =f(T,(k=1),T,(k=-2),i,(k),

iy (b =1) i, (k=2),i,(k),

i (k=1),i,(k-2),

w,(k),0.(k-1),0,(k-2))
(k) =f, (P, (k=1) ¢, (k-2),

iy (k) iy, (k=1) i, (k=2),

i (k)i (k=1),i,(k=2),

w,(k),0.(k-1),0,(k-2))
0,(k) =f,(0,(k-1),0,(k-2),

i (k)i (k=1),i, (k=2),

i (k)i (k=1),i,(k=2),

w,(k),0.(k-1),0(k-2))

X8R TRRE S, () o, () Sy (+) FHAL
Wl GHE T, (k) S FHRESE o (k) SIEMO, (k) B
PUEL T o, LM 0, A0, YT SR 2 A (E 22 8] Y
PREKEFR , BRFARSCR IR, (O HLAIL 3 46 8l % 4 it
TR A S E At

X EESE KA S B N DMREAR R BIRE S, 4

(8)

(k) =[T,(k=1) i,(k-1) i,(k-1)
w,(k=1)] (9)
¢(k>=|:T3(k_1> Ts(k_2> ist3(k_1>
by (k=2) iga(k=1) i,,(k-2)
ws(k-1) o,(k-2)] (10)
Kb (k) —H AR
(k) — AR &

Tt (i) | Y, (k) € R™ . KA IR A5 ) 2
FE ) A S R

&ww=2mwm¢wui (11)
Kb (k) ——h 2R GRL

p— I R BN
Xi— R SR

SR p s, RIEWSCRRL 1S ], TSR . X
AV R SR MR G — KBTI R 2Tk kA 7oK
fift , AR

N
> wie(k)
v,= " (i=1,2,,c) (12)
>y
k=1
Horp
(k=1,2,---,N)

ZM;AA =1
s (13)

N
0<Zlu’ik<N <i:1,2,"',0)
k=1

K Mzk—ﬁ%ﬁg

(g ] ooy—FER (k) J&T55 i N ERE PO
TR
A 1 SR E B oA i/ IMIE R R S Hh i
BRI e, , 1D

¢

J= 2 ;5 pid (o(k) ) (14)

i=1 k

Hrp d(@(k),v,) =(@(k) -»,)"-
(det(F)""F") (o(k) -»,) (15)
Kb d(e(k) ,v)—FHAR (k) 5REPLy, 2
1] {4

W7 2250 F RN
§Mm¢w>—mﬂ¢w>—mﬂ

F =~ 5 (16)
Horp
1 .
— (d v,) >0
] c(aﬂpygml<(“””)>)
Hu =1 = \d(e(i) )
0 (d(e()),»,)<0)

(17)
JRyEREE ISR e, T HER o F /N e SR 1 o 5
W FoR R

Xi = (ALI‘QAL‘) _IAVL'FQTz, (18)
Hr Ai:[qoi(1> ®.(2) QDi(Ni)]T
T3=[T3(l) T3(2> T}(N,'>]r

Q = diag(maxu, (1) ,maxu, (2) , -+, maxu, (N;) )
KL A—5 i DRED N, M A
T,—55 i MR N, ARG
O—5 i DMEREPHAR (k) KT8 E
KA RIRZE By Fn AL 5 SCBR
WS U

Buoes = | 2 (1) = B0 (1,(0) - (1))

(19)
At T, (k) —— PP AR 22 19 SEPRE
T, —— P L HE 22 B T

FEFW BRI G - K R0 SRy
BRI

(1) A & (k) FEA BRI E ce [ 2,
Cone > FIIR RSSO BT I ¢ =2, 5 JEAG RE LR, ]
BURETE R 0. 01 <e<0.05,

(2) AP e AN A AL I BE A AE S 90 4R R 25 v
AL, BV AR B8 e, FR



AW S ZIRR R RIS R G 417

(i,)) = arg max 2~z |l (20)

TERMPILG SRR B UL, PIRE RN 0,U° =
[ ], HI R (13) 1 AR EL =1

(3) W= (12) I RE DL IERAER (15) |
(16) 15 & (@(j) ,v) M F,,

(4)Hm=(12) (13) IR RIEEERE U, 100 =
JWMd(z,0) =0, % pl; =1,ul,=0,Yi#j,

B5)AE U =U" || <&, MIEAREH; B0, 4
L=1+1,Bk553012058(3)

ARG RS SRB I U =[], ., WAT15
FEEHLV=[v, v, - ],

(6) RN B m I S R R TE B s, JU5F
AMERLE PR

s = }LZ [ zpt (vi_vl>rr(vi_vl) - (21>

I e [VL -8,2,v, +8,2]
(7)W= (18) TR S8 v,
(8) ¥ (1) s e 22 X (19) 115,

5

YT ARR2E By WG R RPERESE bR B, 40 2 HT Y
PERBTRBR Efysy < Ess » WA HEBE S SR56 205K
A e =c+1,BRERILIR(S) .

4 FENENRIKEESE D0

4.1 ZSYEEMRBR X EEF

U TR R B AR E R R AR )R]
FIIVIG /N ER s s 2 B A0 2 e HLaKSh , i JZ
AR B LA/ IN RS R IR | L35 3 77 IR, A
SN AR B E . T AR A AR
HURER R A LA TRC G, /N GEA2 R T LORE AR
R LA R LA DA 2 L T 24/ A2 DR IR S D AR
JERITAL R £ L, LA/ 4258 H i IR o
e, W& 3 B, P AL AR ARG 7 5 s ) B
N BER R GRRGENE, RGUE T R UEREHE [E 2 A
AR WAV g 32 EE AR A, (AL 4 BRER 3
AL 3 Fedia T, R R Sl /NG Ao m e A Ly
FAEAROR , LRIIE DM HE AT

sV
L | PWM
Ay
il

3
3/2

SV

PWM

w1 | R
—

3/2

E:

K3 /A IREh RGP IR

Fig.3 Truck drive system control module diagram

& 3 v ATR 1 AYR J3 1) R 5% 4 A g 4 PL
8%, ACMR F1 ACTR 435 by v e o3 1 455 1l 4l 13
AR R me B i, 2 S EUMABUE R (8) .
4.2 LIEFISH
4.2.1 AL

HEC(8) ~ (10) MG R ¢ & AT 0, Sk B6IE
ZSRONMBUR R A7 300, R 2R e 80 7 37 1

Y ) O it P R L, 2% A o N OR A . 4
Bl 4 Fios , M 2 HE Ak iy A B HIL E%Wﬁjﬂthm
SKAEJEIHHC0. 001 s, FEAELIL 5 000 41, ) 3 [ 4L
B2, L3 4 S5k 2 FR, MRIERTER L8
RIS IR, Y T BIRIECH 5 B, i R A e =
0.02,

HLBIL 3 FE TR 3R



418 F o 20204
B
J
i
] 2
e
b A .;/3
B
<
:ﬂﬂ
%
-0.5
sin g L L 1
cos 0 0.5 1.0 1.5 2.0 2.5 3.0
fif [5/s
K4 Nk 28RS (b)
Fig.4 Input and output parameter system IS B AG S PRk X E
N . Fig.5 Comparison of model estimation and actual output
x2 BH3ILHISH
Tab.2 Parameters of motor 3 and 4 g , pﬁéﬁ %*ﬂﬁ%ﬂ*’@ﬁilﬂ%ﬁ%ﬂ%ﬁ , ﬁﬂ@ 3 s o
sy U NPT v L/ L/ (1) /NENFR K 2 ATAE Sl 3
Z n,

(kg-m?) H H
0.0055 0.5 0.2

\ Hz kW (N-m)
B 380 50 3 40 4

Ty, (k) =9.001 17, (k1) =1.107 5T, (k-2) +
3.1255i ,(k=1) =0.960 1i_,(k-2) +
4.100 00, (k-1) +1.2013i,(k-2) +
5.091 0w, (k—1) —1.401 8w, (k -2) +1.058 6
Ty, (k) =8.701 2T, (k=1) +2.51007,, (k-2) +
2.0010i,,(k-1)-0.3201i_,(k-2) +
3.007 7is(k—=1) +1.178 1i, (k-2) +
6.024 5w, (k—1) =1.402 3w, (k -2) —0.088 9
Ty (k) =6.630 3T, (k—1) +4.60207T,,(k-2) +
3.3939i . (k-1) —=1.300 1i_,(k-2) +
2.044 4, (k—-1) -=0.2857i,(k-2) +
5.708 6w, (k1) +0.882 lw, (k-2) +3.7470
Ty (k) =3.205 6T, (k—1) +11.186 3T, (k-2) +
4.0757i,,(k-1) -2.0225i ,(k-2) +
7.101 4, (k—-1) +1.2022i,(k-2) -

0.100 8w ,(k—1) +3.770 0w, (k =2) +1.0200
Tyis, (k) =10.085 27, (k—1) +7.1514T,,(k-2) -
2.3633i ,(k—-1) +4.0190i_,(k-2) +
4.6590i,(k-1) -1.3327i,(k-2) +
2.400 9w, (k —1) +2.003 3w, (k -2) +1.7000

B RGMABENLE S, BT 2 000 1711145,
B PR A A Z 5, 76 3 s INHEFT B AE, N
Kl 5a i, B Sb Al iR 22 M4, ik 2k
0.080 4 N-m , IS RUAl HHE A RE T TS %
(LR AR AE
4.2.2 RN

LRGSR AR Ay AR R, AT o0 A T -
HE o, FeTOIEM 0, S —RA R ZE S ENA
B e AR R, 0, 1 T, 1 3 AR5

ML IR B/ NAEZ T 22 TSN AL 4 59003 45 Fe 4k
AL 4 R EAT, WAL MY, A5k L 3
FEFEIRPETERE , 25 8 TOBE N 25 Nem R3]
ON-m,F ETF3] 15 N-m, K 6a i 7~ B LSS H 5 HY
SR BEHERNNELATEAY S, E 6b FLLE
Y FUPIL 3 R A B 2 o 2 78 I DR AR R G 1 9

35 — Bt
- R

0 05 10 15 20 25 30
[ [E)/s
(a)

Hl/ (remin™)
(=]

0 05 10 15 20 25 30
[ [E)/s
(b)

E 6 HLAL 3 il i 7 o R e e
Fig.6 Speed and torque waveforms during motor 3 control

(2) B2 /I YN ERERBIT RIS
I s AR B BB /N S8 A UL 4 BR3), kA
JEHT 15 Nem FEZEAEF30 N-m, AL dh <k 7
Fs . HE 7 B A R aT LUE D AL 4 Bk
FE B S AR B AT AR, LSS AR 5 3k
R M B BB AV G

/(N - m)

Bt/ (r - min)

FL7 HAIL 4 e i RN A T

Fig.7 Speed and torque waveforms during motor 4 control



5 6 1]

AW S ZIRR R RIS R G 419

5 H#RiE

WA H A2 2 IR A R B R 76 18 e
BEEAE B T 2L A S Az ikl & sk
FYIFIIRE, L T AR RS RS S5, I
B T A BB LB T AZ T DI I I B B /N 42

Rt e, =T 2 BHALTREE 1T R
I ST A N B X BN LR =8 o S G
GLi =AM RS T SRR R S o — 2
SRR | Al T 0K s R G5 H , $ il T
T LSRN AR (4 XL WAL 1 7 7 16
RIS UE] T TR B R

2 % x #

(1] Ef8E, sl skita 4. AR BRI Bl TR EOR O EBUR S K 7 [ 1/ 0L ] AR LR 41,2018 ,49(11) <1 - 14.
WANG Defu, HUANG Huinan, ZHANG Hongjian, et al. Analysis of research status and development on engineering technology
of swine farming facilities[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2018 ,49(11) ;1 - 14. http:
// www. j-csam. org/jesam/ ch/reader/view_abstract. aspx? flag = 1&file_no = 20181101 &journal_id = jesam. DOI;10. 6041/].

issn. 1000-1298.2018. 11.001. (in Chinese)

(2] WEPIE ORI, HE B 07 s AL AT R SIS AT 5 PID #5246 [ ], ALK 4 ,2010,41(12) 2210 -214.
XI Pingyuan, ZHU Jiang, SHENTU Liufang. Analysis and PID control on dynamical performance of conveyor possessing closed-
loop[ J]. Transaction of the Chinese Society for Agricultural Machinery, 2010,41(12) ;210 —214. (in Chinese)

[3] COMANESCU M. An induction-motor speed estimator based on integral sliding-mode current control [ J |]. Transactions on

Industrial Electronics,2009,56(9) :3414 —3423.

(4] 218, 5kAea XHQ, 4. TR TR B AR S MRS 1]. IR LA ,2017(3) :58 - 59.
LUO Man, ZHANG Huaqi, LIU Lufei, et al. The development history and future trends of China’s pig raising equipment [ J].
Hubei Agricultural Mechanization, 2017(3) ; 58 —59. (in Chinese)

(5] e R SURDRHE. 3 R Y i R RT3 [ M. MRS 1%, L. Sy % st ,2012.:96.

(6] BU=A. mbEmlHoR M. dbat iR ik, 2015,

(7] S84k W bF MR A SR 222 B o A 5 T A KR ) 25 v AL T A% S A 2 TR SRS [0 F T BR 2441, 2019, 34 (21)

4458 —4466.

GUO Lei, YANG Zhongping, LIN Fei. A sensorless control strategy for high frequency signal injection permanent magnet synchronous
motor with error compensation[ J|. Transactions of China Electrotechnical Society, 2019,34(21) ;4458 —4466. (in Chinese)

[8] LIU Jiaming, ZHU Ziqiang. Novel sensorless control strategy with injection of high-frequency pulsating carrier signal into
stationary reference frame[ J|. TEEE Transactions on Industry Applications, 2014, 50(4) ; 574 - 583.

(9] B HTRmELR) L A I A AR SEL ) ] LS, 2019,30(21) 18 - 24.

HUANG Rong. Study on vector control for permanent magnet synchronous elevator door operator[ J]. China Evevator, 2019,

30(21) :18 —24. (in Chinese)

[10] ADAK M F, DURU N, DURU H T. Elevator simulator design and estimating energy consumption of an elevator system[ ] ].

Energy and Building,2013,65.:272 - 280.

[11] @k, SUE, B . BRI A IR o 5 | BRI B RERLA T [ 1] LA T A2 2% 4R ,2016,52(4) ;192 - 198.
ZHAO Bin, QUAN Long, HAO Yunxiao. Research of operating characteristics and energy efficiency of traction elevator with
hybrid electric — hydraulic drive[ J]. Journal of Mechanical Engineering, 2016,52(4) :192 —198. (in Chinese)

(12] B, e  BRfamh, 2. i ot sh A sh il R 4¢

BEPEHI RS M]. 5 MR, dUET HURE Tl H et 2016.

[13]  EA. SR A A R GRS I A [ D] iR - i 7R R, 2015,

SHEN Xiang. Research and development of stereo garage control and management system [ D ]. Chengdu; University of

Electronic Science and Technology of China, 2015. (in Chinese)
[14]  FBEgh. TR NSRS G R RAIIE[ D], KR hdtR*%,2018.6 - 8.

WANG Xiaojing. Research on path optimization of stacking stereo garage based on genetic ant colony algorithm [ D]. Taiyuan .

North University of China, 2018: 6 —8. (in Chinese)

(157 XUEEE, QP TRER, 55, P H LR AR JA R 2R e il 22 W 4 ) SOt Bz il [0 ). b i HL AR 231, 2008, 28(36)

98 —102.

LIU Guohai, LIU Pingyuan, SHEN Yue, et al. Neural network generalized inverse decoupling control of two-motor variable
frequency speed-regulating system[ J]. Proceedings of the CSEE, 2008, 28(36) :98 —102. (in Chinese)

[16]  Zfy, 2D S . 6 T R SRR I BB TR (1] Pkl BhE S , 2003,20(5) : 783 - 787,
LI Ning, LI Shaoyuan, XI Yugeng. Multi-model modeling method based on satisfactory clustering[ J]. Control Theory &

Applications, 2003, 20(5) :783 —787. (in Chinese)

[17] BABUKA R, VAN DER VEEN P J, KAYMAK U. Improved covariance estimation for Gustafson — Kessel clustering[ C] //
IEEE International Conference on Fuzzy Systems,2002: 1081 —1085.
[18] KRISHNAPURAM R H, KIM J W. A note on the Gustafson — Kessel and adaptive fuzzy clustering algorithms[J]. IEEE

Transactions on Fuzzy Systems,1999,7(4) .453 -461.

[19] HAYATO N, KIYOTSUGU T, TOHRU K. Identification of piecewise affine systems based on statistical clustering technique

[J]. Automatica,2005,41(13) ;905 —913.

[20] BEIRAE, 22Dk, MIMO HRZitk RGN ZHBIERT A [J]. 7244, 2005, 33(1): 52 -57.
XUE Zhenkuang, LI Shaoyuan. A multi-model modeling approach to MIMO nonlinear systems[ J]. ACTA Electronica Sinica,

2005, 33(1): 52 =57. (in Chinese)



