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Construction of electrical and electronic experimental teaching system

base on autonomy, openness and innovation

LI Zong - ping, ZHANG Zhan — feng
(Experimental Teaching Center of Electrical and Electronic, Northwest Agriculture and Forestry Uni-
versity, Yangling 712100, China)

Abstract: According to the novative talent training requirements of country, the social development
requirements of electrical and electronic professional and the requirements of talents both with strong
experiment skill and innovative thinking ability, Northwest Agriculture and Forestry University electri—

cal and electronic experimental teaching center have reformed the old course system and explored con—

struction of experimental teaching system base on autonomy, openness and i ion. Specific
includes: setting course and teach independently, hierarchical open experimental contents, introducing
science and technology competition and graduation design into the laboratory, researching organic com-
bination of virtual and physical experiment. The system practice effectively more than a year and has
the certain reference for university laboratory construction.

Key words: experimental teaching system; main body status; hierarchical; initiative open; innova—

tion experiment
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Abstract: Practice teaching evaluation is an important means lo promote the quality of teaching practice, and

has a positive effect on improvement the level of practical teaching and teaching methods.By the formative assessment

method,it is facilitate to improve students” sense of responsibility, take the initiative to select the appropriate and ef-

hadl

fective learning learming

and take the initiative 1o adjust, so as to improve the ability of learing,

stimulate students” interest in learning.Based on the research of the evaluation practice of undergraduate in electrical

engineering, this paper enrich the practice teaching of evaluation theoretical research contents and levels, and also

provide new ideas and methods for the application of educational evaluation theory in the field of practice teaching.

Keywords: practice teaching: formative assessment: eiectricai engineering

JEE

2 BRI A A O O R e B Y O T R
P LA B g O R S R RO B RE 3 JUER
e — R B SE BE RO AR L SRR e TRV A 3 H
A 92 B BN O 5 A B AT 00 AT LA 8 T AT L 3L
AR S B O BT RO AV L B 9 B R
WA O ORIk B e % A A [ Ml i
A A M35 AR B v R N A Y U
B RN B A B B RO PR i DR U R
vh R B 9 3D O e S u R R AR S e B
PR A B AF N BOF B SR T A

FUAT, 76 TR UM R 5 R oot T 45 2 b 2 BR e ) b
HE 5 BT O 41 s By ik 0 B0 A0 0 A 5 S o SR T 2 T
LA VEVEAN B PO A7 VA VRO A, R SRR
pUR S U VARE 8 S R S O N ) eSS VR U
ke > AT 1) T80T, O A2 2 2 3T 8 Dy i K e, BRLRY 4
R P G BRI R L RS A O R i 2
SIBES BT, 0 R Ay 04 B 90 S Uy T AT VRO 05 BE 0B R
b AR R R e B RS R

LT A Y A T R A

TG B PE A 1 446 75 T i U 1 i e 2 3 9 0 2L B AT A,
MR SGE S 5 FRAR . SEEHET
HARLE, T8 R VP O L B O S R Bl LU A 0 1 R A R
wel, BE S T T B VPO 0 95 R, SN T 2T

* Ji 9D« 94 1 B K O SR B FESH (JY1302)

R METSEIEEFILR M EDE BHEE. AR
6% % 7 T HEAT U8 A, AT AS 97 B s AR S i A B S
HEME A EIFREGEERBMMBIR, UEFIEENT
I SRS, OF RDURS b S k2% 50 . TR T AR D 4 S
T HEE PSS, BMNEILRPASAZ
foa) 6 AR D 58 OF A b 5 A B B A B RN
W] AE . B, AT L B RSB 5 E
SRR B A 00 FLKE 2 3 e B L R b g 3T Bk |
BBk, B3k LA R A 28 A 1 5 AR B 8 R
ROR, AR UTG A A VAT A oh B i S A Bt R K
R SK , AT AS 0T 5k 2 A R 2 S R R T %

SR Ll s R B TP R R IR

Bt A B 9 1 20— 215 8 N BF 9 1) o4 G A 40 B ) s R
S0P BRI g2 R N A | RO R A U R
S B MR LR AR, AR
( 2008) 3 ik A R 9 B H0E T ETY  BEN B LR R
RAAF W E TSR M ERE,
IAE R YL BT AT BOAP A RIR B A LR L, BRI T —
ERASHETITEF ISR, W% 2006) A 4 P
B B B AR P A 4 R O e Sk R A O R R LA T
B GRRETE AT, 0L BFSE 00 0 00 52 T o o e B 9 BR O
WP IR PR AR R S 0 T 80 s 08 O 0 ok RO 4 b

BUBR A 2 2 A0 0k 51z BR 0 TR AT I 4 kAT T ORI AT
fa (R ER A, (R0 FL 0 Ok ok TR 0 4 o B A T R S R

e 0 A 0o B SR 1977-) B i S A URIE, R BFE O D R A sl k.
o L

-39-



2015 S5 10 4
(&% 11524

| EE &g

WL EE (B4t 5 E48)

HEILONGJIANG EDUCATION (Higher Education Rescarch & Appraisal)

No.10,2015
Serial No.1152

TR 4R LI H AR IR AT

FiO#.BH X £

(B bR A RS & ok 712100)

i F LA AR SRR AR B, AT T ST S 8 R R T A 69 R, e o T &1

PG 5 B e AR X 8 ek
E3 IR RN R TR R
hESES: Go42.0 kARG A

XERS:

1002=4107(2015) 10-0024-03

THREHLRY 50— 1 Gl b 958 AR, 9 AR 2 5L
A4 TG b 2 PR R, S — T2V IA Y B Y
AR . AR 2% A AL R 2R i SR 2 Iy
ARG T IRARBFE AR I, 5] A DT
FOAGAT IR, MR BRI S, Gy
FIFZ R Ol 9230 0 U e T R AR A
F G N AR, UG 7 A X (6 295 [0 B0 R 412
PSR E . AT R KRB ST R TS MR
AL T 90 £ 52 0 0 R MR 30 L e 9 1
B VARG R E RN R B H R T
) R e R AR TRAGHET ASIR
it SR SRR O BLE QBB R SR SR
SRR AN ST B HLIR S S0 BB

— VAR 5 KRR R TR RY (AR

(—)RALR A R4

S O R B S BRI VS DR Y B L SLRE
TEIR— 4 S b 9 E AU 9250 . AR R 3 Ay
AR BB A SRR A 4. R
B BRI 2 G A A Y 1 R 52 )
B

(=) £+ &skitihie

PEPE DL 25 9250 (0 4R 4K BB R 50 , 0 S B0 PRI 92
SRARG o KE T VTS FRIERY 5290 3807 TRk R 1) 4 B A
TH e ARG BT ] R 0 SOF 5 A 782
BB TR W RRRAT  (FUR A DU Rk
052 B 1A AT R Ak 1 25 3 14 R LR

WA E:2014-12-22

(Z)#FFEE—

FA I B Jr v — LSS 4 O IO A
5T BT LA, T3 e or W a2 A B 1 |
B e e 3 b (o) B )Y RE

(@) RBAEEZ

PHRPYEE AT b A E 400 A 2 — R
AN AR WY 22 0 o) B ST HIL IR £ LR T e Y T
B A IR & O HE A BT R R, H AR & E
90 208 07 K e i T A T O AR D, e AR g T et
AN . QIS A R IR S A
FE T (AL, ME LR A 2 e 2 A S kil ), W IE
RS S0IP RGeS

OISR S AR A SR R

AR SRR HE W RGN ERE, iFEUN
2T Ay i A B, A A e
Tk BEERER IR BCE PR TR ST 2%
FEFL I TA R BT BB IR Fo 0 AR W)
Ve G BB, A R N A DU 5L
BRI R A R SRR EL R | W3R QB R 4k

()& FERERL

ik 2 me G 1R £ 985.211 Beke 3519
SRR FURME S BR BRIl AL — TR A 5 R 2R
Fito RCRERIBERAEAE LU )

LB A i, PEb bR o IR ey
TFAEDLI R PR IE 56 P2Fat, B URIT 40 NFEnd, 50
SRUREHL 16 20, SRR H AR L

{EHEN: L R(1978—) , B, TR LA B fRFE X F15 0 THFRESW, Hd, 2 2AFH IR & 47t

e

EEWE:ARAAHFLALAO " HRBEE AL B AFARL"(61271280) ; P R HRHAR AT —BAB LT voxel 89 R
92 Heid W 38 LR BF A (2014YB067) 2014 A2 UL JEAUR 8448 AT 3R AL 800 B it JE AL 8"

24



2014 4E3 1
w1

HOT R R
EDUCATION TEACHING FORUM

Mar.2014
NO.11

A T RSS2 B L b st Re R
OB, SRR % B
RUCAHFHER  BURS FTR 5, B e 712100

B PLPAEAMRHE O I AR TR R AR B B, 53 BT 17 JRIR A TR 23 M IR LA S A 46 () el A
HUM, Bis T — Sl A7 00 2 AR RS B AR M AR Nl TR R kil R R

K] AR R PRIl B RS R
TS 264516 640 SitikbE &R A

Al TRETIX — BB At th 20 20 4 96 [ 22 4 ik ok
fF) 5 196345 56 [F] A iz T8 2 £ % el T8 2 B 52 S
C TR LR G A R R B R AR A P R R Y
TRERFE" . R — e g0 7R Rk TR & S
AWEAT N ARG L AR, BT xR b T P R 1 A
TR AN 88, A b TR T O SR A AN I I g Al
TS EE2EN G R E ROl TR MBS, H
i 0 0 o ol TP BT B 0 e R e
B, Ak TR O bR A b UK Y R R TR
R Fe kA h i R e TR A B9, ATt 208 #oo 4
TS (R s L AR SO Aol RS T R SR L R
HWi A7 e — 2% ) {8, 3 LG Ak R MR R K i ol TR
PAERHE L B, B T A TR R it
Tt PRI — 2o R BURZSHY , B e (e i TR IR ol TRE 07
Ihlk T Rk R e

o R AR R I ) B A B L

;S A A T b B 5 T R L Al A
I =N 7 T PR R R « 7 56 A 7 D% 2 2k 2R 2 B K1
A SCERERA B, ph i AL S0 R ORI AR LT
2535 NI R I I, Ak A e 23 U7 IE e a5 Oy
AT Ak | kA R £ 1k Ty 1 R, SR A TR
FAR A A AL AT TR Al G 38 75 0 Al 75 1T
SEAIIL, SR LA R 1 40 R A R g 5 R
25 T A AR e R T AT R K B
B354, A FE R A ol L A7 e I A, 3 207 2%
AR BT LI, I, FRIE AR TR SO i AT
Kkl . S—Ji, o — 5 SRR =R,
201340 B BIE A RH . X830 Erp £ e 3k T
T 1 ) R - i AR O 1 e B iy ) e T IR K
St MR LR AR TR IR [ e M. W
S, FR IR R TR E AT E R PLs.

LIRE AR TRAERH LA IR S )

201t 28O AR LR, th1 T 52 95 IR B i, o [¥] () A
b TR R A E A i, 3 10 g Gt B g T R
AR RIS LA, Tk T A R kA R . RS K
FATREE, 1 H AR A SOE D IR . [ ¥
WA S e R g, AR RIZSEM A
FTF SRR BT TER R Z ) ) e R B A RES K
ZEAE U A AR EF, AR TR A A B SR B b
AN, RN TR R AT (R 4 AR, SRR Ak
Jr A EE Al H B, MR A L Ot = e ki 4
PRI, RIS, O T A0A sl gl R G b i i i
HXYRKZMET TRE, SBORENK T ALK LR
FITRASEE L 5, BEAT M AN % L 2 [ AR MR 2 T T 4

IR 1 16749324 (2014) 11-0220- 02

AR,

= AL PR A2 A TR R T B

P AR MR RHE A el T2 FHE 80 — 482
BN TR el kTR el YR B8 5 il T
B AR 5 E B A R R TR Al A
2 5 K E TR A 0L SR L A TR A
Bt AL Al AR TR BN 2 3 F1 5L M3
(10 T B AR Nk AT BB e 03 B 36 131k Ak S 5 K
i3 TR A9 58 ) TR ACRUK L TR ok TR o
TR RS BB ol TR o 7 7 % %, S 3 4l
{027 A AR M 90 30 AR 17 0l T B
AT ARSI AR AR 76, 5 ARR
B RS T AMER M TR AA 26 S HLBk AL
UL A B R s S T IR 4R BT
255 90 S5 LB 0 G2 R R 4% B
R SR % 3 5, T T A
BT R SR T4 T b, %
A0S A A R A 2L LA BT T B AT
AR MR A P, T B 0 TR M
BB T2 A DR G, 4 = I 26 B R AR,
MR AR T AR A A RS, R0 B L
B ST LA B L A TR

151 o o7 A S R, B T o ek
Y 00 92 A R R T SE L9 K ) TR %l )
e, 545 B BOAR 5 BG4l 02 A f B Bl 85 R —
5L 00 T, 285 224048 o LR A R0 T4 6
BN AR B3 , AT PR T4, 3T 5]
BT 0 T 28 LT BRSP4 R PR
BT . RATmIE, (A K AT BEAE A T R
AR MR A TR A0 22 A A s 2
1795 I XA AT LU F 3RS R ol TR
M0 A ST B, 91209 R John D eere, I A< Y an-
m e, A0 TR 0 1 5 4t (L L2 2 AT
R B BRI AT B — R T RS o
a2 (R AL L A3 B A7 VAT A AT A
kiR,

2ARALEL R, S A 0 R AR IAL
A 0075 B R Ml TR RS 97K, A7 R B T
W, R O IR AR RN A B Bl AR
B2 A TR A N AT, AT LML,
A7 T TSR, Lo — ol [ 03 e
FIAE . TIN5 N 6 5 6 2 R AR b TR
Ml R B A U SR SRR
AR AL AEREE Y B R L 450 %4 LR UK Y., RS, &

—220~

- 41 -



ISSN1672-1438
CN11-4994/T

2015498
BE225H

tARAET L &

J&F Protues{li FUFHL LWL B AR B A0

B4 Gt
PEAE AR IE N S - TR B BoidneE 712100
O EREER TR TFEARCED, FISHCE RORBRZR, EEe, HooiF e, SR, Pk
BOLSERBRIEIAR. O T ECEIX —BUR, B SRR TSI T AL T Proteus (i SUM MO, (AR BRI
ES PRI, SRR R, JOrE R MBI, A ST h BIF R DBV TR H A8 T3, H
XBRIA: Proteus: {iNC: IR
Teaching Reform of Electrical and Electronic Technology
Based on Proteus Simulation
Hou Juncai, Fu Longsheng

College ofM echanicaland Electric Engneering, Northw estA&F University, Yangling, 712100,Chima

Abstract: For electrical and el logy, theory is boring, its experiment is time-costing, and elements of equipment are
damaged frequently, the chance of practice for students is lack. In order to improve the teaching of the course, the simulation software is
applied into the procedure of teaching, experiment and practice. The reform makes the classroom teaching is vivid and visual, the success
rate of the experiment is improved, the damaged elements of equipment reduce, and the creative ability of the students is improved, practical

P

ability of have been improved, the teaching looks
Key words: proteus; simulation; practice
DOI:10.13492/j.cnki.cmee.2015.17.028

BT FHARR TR b2 R —T]
ol IERER, TSR RA RS, T4t
LGS S AT AT IR, AR T T AR
YRR 2 SIS, W T B a8
145 W A ARG I R AT AT PRI . A T R
XTTRA RIS TR e A
R Ui, iR, SHISCHMIREE. daihL. B
FOL FbL R K7 LB N L S RO 4 (R & L
AL R T ERAR (057 R R AR A R TR SRR RE A B
BRI GLET e 0 B AR AR AT, B B AR B
BB B ) ) R, RAVEZ R R R SIAT
Proteus{/j 1T 55 S BEH&5 £ B O T IE, iR T 22k
A ELRERA B, MR T SRR BRm B, R T
PO, BT HAMBREN R P T R E)
ThEA, BRI 0 ) Wi el MR el i) O g
AT REF I Er RO

S EME: 2015-03-18

ek iAW, UbiE.

EEWB: VEIEARMRHC B SRR H (%
JY1302060):  PEALRMEHE 20145 MU A iS00
B FHR): TR RMEHC IR R B H (BT
HTHARN) -

90

1 BIBRFEREFARNTE

MM HCE BT SO HRAS LARUE K ik i i)
PHZIEA R, JEAGTUOL E, PSS N,
BZ2E2] REME: SLIE 2O BRES R, WA R
BLOWRME TR R, PATHOORE. a2 Enat. fid
KM, W B R R, P
Wb . e h e M S B0 1R B AL AT 44, SRR
BEML, PR T B, A R I G T
FLSEB R i T B R B B B 4%
B LABHUA (O R IR, R I E A5 k%
Al TR ULl L) i, s 07 SO Proteus
I L T2 oA . SRS BRER, 48
22 S RE AR D, A 0T AE VR AR I ) il ek 07 1
BUERTAF R £S5 i BEAT 00 958 vl B ) i
VAR, AIIBR S B R T A AR, 1
FI AR FR R A PRI R e TR F Y. [ AR
YA RPE, diGEroE, Wil i, B
FEMEIEE S . AR TAE D . xR
LAFE 43 F U A b o) 4 g MR Bk, AT
BRI BT, AR AT LU R b S
RIBUR, HErs S msh .

-42-



YA T % ig R
MCS-51 £ ALRHE . | #OI, FRAE, \ \
W 7 g B A 2013 | ®F Lk iR
BFAEAEAE
A—MATLAB #21 VC 52 BB A 2013 | B F IR
@l’llJ
CEERFRHEMA o 2014 | 4k pa
KR A 5,
g%waC%ﬁuﬁ SHE. A | 2014 | b E AL R
R TR AR R ] o
X A AR 7K I A 2015 | EAMAFH KA
s AARE, B, EEE, T m TR A
rrERaE son, #0E || sums
AL o 2016 Wﬁﬁﬁ;ﬁ*

£ % e
AL 5 42 % BER 2016 *Eﬁﬁf%ﬁ

; “
dj,‘) T RR L L

B8 i1 5 50

DPLANIT SHIYVAN

AERMILATNN I




@ FARNENE +-58 NN e
5 - S
g ot X (5 1 =i LCTUEST U T TUAN

MCS-51% )7L
BB 20 B i

OEES s

(F=hE)

Q BEREFHELEHEY
htap:ifwww. xduph.com

@ﬁiﬂi%nﬁ *+TZE" RAEBH

B ESAMR S S Bl
——MATLABFIVC++3:H]

QxR B f\
R |

APWMRAL W EH




FEfF O BT £ v LR HAM 5 H 49 X

e B A & Hi AR B[] AR AL
1 HILF R E %%i%if@‘ 2012 | WALRMAHE A F
2 ERBHA M 2012 | BEAKMAEAS
3 BT A BEE. FFF 2012 | WAL R MR A F
4 R E FEZF. BAEE 2012 | T K AMAL & A 22
> BARE iR 2012 | BAK AR A S
6 e FHA % E 2013 | AL RAMA B AF
7 BoF TRk FHe. WL 2013 | ALK MAHE A
8 BRAMRESEA V= 2013 | ALK AMABAF
o | mrermuag | L0 PER | o |maassas
10 PLC A 78 3 2004 | TEALARAMAE A S
1| exsFHA e 2015 | FALK AR H A
12 B, AL 52 B 2 o= 2016 ﬁitﬂﬁ%ﬁik#

-45-







- 47 -



M 10 0 HOUR i E B G it

F5| ¥4 MR | W E R T B R IE B X AL
1 | = 7 2010.09 | &F & F T # F#t 5 ZEZHENILIAF
2 | BREF Z 2012.08 | FE&F FHWHHE | FE LA ZIN I AK¥
3 | H¥#& =z 2013.02 | HFEFTHIFTALE | =ERZHENIAF
EE D A A or E R
= = A é{ {
4 IE 7 2015.07 | F4 & T#HIF#H B Sy 8
5 | HaEifF = 2015. 10 & E Curtin Unil\i’:rg’ Austia
6 | ExK = 2016.09 | & FF T #IF#H 15 * [F
| 5 B )
7| mex | 5 | w010 | FEEFEEERL gk
8 . 3% % 2013 FEEFTHITAG | 2ELFAZAMLAF
FEFHEFAF. EB
= /£ a £
9 | FH#T e 2008 7 E T RRA G UM 37 A 2%
10 | &% % 2014 FEEFTHITAHG | =B MNAFBEEEIK
5014, 10 HE¥EE-FEE
11 | kE# 7 2015 10 F 2 & [E A 15 T meERERRKF
’ H
5014, 09- HE¥EE-FEE
12 | kEH = 2015 % F 2 & [E A 15 T HA-5F K¥F
’ H
B3| ki | 5| % T B o B A
5015, 03 EXEFHEAZHR
. 03. N
- _ = A - Lk AL
14 7 B 7 2%9202115 T R R A =
‘ #

-48-




M 1 U3 RAF ERIFELBTE LRI

pe T H 43 WEZ | BE | ;E S T | 4| F#
(o) | 5 |AFRA| 4 HE | Ak | B
K EEBRAK
1 | ®BEENANE 20000 |EXR%|#x4%| 85 10| R#F | 5 | 2012
7 W AT 5 1
KB R E N N _
2 A B A2 20000 (Ex%|%#&£%| 8K 10| £F 3 2012
EF T-TDR £ £
3 | WEIEIR N 20000 |ER%|ZAniE| 8K 10 | FE=# | 3 2012
BAHR
ETREE 2
AT H R H K FH DU DI B S
4 1 B A B R 20000 |ERF | %7 BA 10 | F=# | 3 2012
FHR
B R G $
5 | M PID =% 2 20000 |EX%| kM | mA 11| & FE | 4 2013
%t
MY EESXE g N L .
6 | Cpsrmms 20000 |EXZ| ®RH | A1l FEME | 4| 2013
W& AL T A B,
7 | sz EANHENRE 20000 |EXR%|%ZfMFH| B8R 11| BR#®F | 5 | 2013
M AT 5 1
i I A=) ey e
8 B 3 Ak B 5 20000 |ER%| %A | mR 12| FR®EF | 5 | 2014
EREEM 2 B
9 | M-F &y fuis 20000 |ER% | #mx#E| 8212 | FEHE | 4 2014
#| R gkt
Rk e R H g o | s LE R
10 . 20000 |EZFXF| =& | #zh 10 2 R 5 2012
Vi =R GO w45
11 | Be g Efors | 20000 |ERE| %% 5| #1210 Uﬂ; 5 | 2012
TB Hh A0 A B 5 R
EFLEKSF P
12 | B2 jE g3 20000 |ER% | Z=xX# | #7710 T 4 2012
R Gkt g
AT ZigBee L & FEi
13 | HimF ENES | 20000 |ERE|ZXA| 10| " 4 | 2012
L st
A FRZAT

-49-




B 4

e N
I
DR

FH
RA

T
FR

7
B

Fh

A#K

B
B 7]

14

ETeE¥RE
HY AL 25 AL 32
A

20000

oz 11

T EAE

2013

15

TR TR AA
RELBENY
Lt e

20000

KM

gl

2012

16

B B W AR 4=
Hlas A

3500

RE R

Gl

R

2013

17

T RBAH
BT BB

3500

RE R

x| 8 5

255

2013

18

T TEBIEW
FeSe 8 1K e %l
2 A s

3500

RE R

BT

X

2013

19

R R )
HAEAHEF
AR B T

3500

RE &

EER

2013

20

H AL ML A B
Bt &3 71
Zil

3500

RE &

PR 7

2014

21

AL BE TR EE N R
71 R GEIAR

3500

RE R

2014

22

KRB Se b &
% AR IR

3500

RER|E

2014

23

500kv i B %4 % E
FHENEAHN
R

3500

RE R |

2014

24

I E A AR
9t ALY T RE
e

3500

RE &

2014

25

K 18] 5 Y
I A 1 BB
R

3500

RE &

s

2014

26

—ERHRAR L
# -A BT
EH B

3500

RE &

s

2014

27

— R E A
S H A IR B[4 4%
i Au [/

3500

RE R

2014

-50-




o MEZ | e | BB | %l ‘R | FE| H#
Fe| REER e | ka [skA| £ | #F | AK| ®i
—XHBERSR
28 | BYR IRAT (A 3 ] 3500 |[REE|RiEH BR12| AL | 4 | 2014
Fa 5] 25
ETEFWEE
29 | W R4 3B/00 | KREE| #E | mR12|#®L%F | 5 | 2014
TR
AR TR
30 | B A5 7 F g 3B0 | KREEL |r=F | BmA12| FxF | 5 | 2014
R
ETEBHEAL
31 | EE KA B0 | REE|EEER| BRL3| ZAL | 5 | 2015
W7 7 R R
ETHHEEN
32 | e A R AR AL B0 | REHE|ZXE|BRL13| HFHF| 3 | 2015
R
Ko & 4T
3B | NEEMEET 3500 H5 13 2015
B AT R RESL|TEE FEME| 4
Ak [F] 25 B ALY
34 | HEHH IR AT 42 3B00 |KEZ| EF | BA 13| I 5 | 2014
il
7o Rl B ALY
35 | 3E & T ) 3B00 |[REA|FEA| ER13| ZRAL| 5 | 2014
G
WAR R A & e xf
36 | R 3500 |REE|Z#H| ER 13| EEHK| 5 | 2014
-2
A% IR R R K
37 | WAETRRW 3B00 | REE| AR | 2R 13| IR 5 | 2014
i WAL
38 | KERZRBIRE 3500 H5 14 2015
REBF AT R REE| KF FEHE| 3
| B H e R 2
39 @%ﬂ&%w@ 3500 |REH| =% |FE13|H#EHE | 5 | 2015
E:ZS
R T AR &
40 ;ﬂ%%%%% 300 |[RER| F& | K3 TR | 5 | 2015
%
2T wsn HH R
41 | #FEF AW R 4 x| 3500 iR 14 2015
BEAHR RE B | TR i 5

-51-




Be TH 4% WEZ | BB | ;E i ®E | F4L£ | F#
o) | XA (AT A| X HIE | Ak | B
FAEERBHR N .
< i J N4
42 | e 3500 (RER|KLE| KA10| FXF | 3 | 2013
2T WSN g =
43 | R X&E R 5 H 3500 |ARE E|FRAFAL | #hsh 11| #5E 5 2013
;;E
KA F N N _
S H, [
44 i 3500 |REE|THME| sy 12 | BREE | 4 2014
B LB B N ‘
> & o A =
45 P T B 5 3500 |[REE| FA | AT 12| F%EF | 4 | 2014
46 jﬁg)ﬁgﬁ%ﬂ% 2000 | R—fk|#EXX| BR 10| KT 4 2013
Z B e NN BN
AT | it i 2000 |R—#t|FF4E | BA 12 | BRFF | 5 | 2014
HTwn o x8
48 | W HEYEEE T E 2000 | RR—fk|EER| BR 13| EFEHK| 5 2015
IR
ETAWEHL
49 | MHEVE RE R HE 2000 |[R—#|BEKR| BA 13| MEL| 5 2015
B R gkt
AR S =%
50 | 4 Zk W e B W 4% 2000 | R—fk|EmE| R 13| BRHF | 5 2015
E M AT
KEBHET Z % N N .
51 b TR A 51 2 2000 | RR—fk|EFEX| BR 13| E 4 2015
KBEHET Z %
52 | AR A K e 2000 |[®R—#k| kK | AR 13| RALF| 5 2015
CELRTEN
A FH BT AR ER N R L N
53 e 591 2000 |RR—#k| A | R 13| KT 5 2014
A B 3E A
54 | MRS #HMEAAE 2000 |R—fk|Ew=| GEIE 13| BR¥HHF | 5 2015
B S AT
HETH BN
55 | WAL A KA 2000 | R—fk| X | R 13| HFE=ME | 5 2015
i

-52-




HH 45 WHZ | WE | BE | £k | #5% | %4 | #h
* # GO | %2 | fEA| EZ | BF | A% | ®E
Tt Bt 5 7 7 T

M B FAE A H 1500 |&R—f | REM| #z) 10 | FRFF | 4 2012
B4 5z JF]

—HEETEIE
R HEVE 2000 |R—fk | mEF| #3110 | KT 5 2013
B AL,

-53-




FEfF 12 o048 5 AR £ A JF R R B A0 IR L

‘ FE 24 R*& \
22, “f/ B F ) e ’ “i
FF FAWXAE 4 Py HAH & iy &1
Anti—synchronization for a
class of multi-dimensional
autonomous and Zhang L Physica
1 non—autonomous chaotic | Runfan wan Scripta 2012 SCl
systems on the basis of the
dliding mode with noise
2 | #4#HFBRRLaCB B | A | A1 | EFR 2013 | SCI
3 | 4 ¥ W FE RLC &% AR |BA 1 |HEFR 2014 | SCI
Controllability of Heo Modern
4 | fractional directed Zhang #4511 | Physics Letters| 2014 | SCI
complex networks B
IEEE
Fractional—-order A Transactions |
5 | three-dimensional del*n iu(;u H A 12 Z;;zrrgu'tsan 2015 | SCI
circuit network I*Regulya‘lr
papers
Nonlinear dynamics of Li Chaos,
6 | fractional order duffing |Zengsha | ¥4 12 | Solitons and| 2015 | SCI
Sygern n FraCta|S,
Nonlinear dynamic
analysis and modeling of h Journal of
7 | fractional permanent Jawe #4513 | Vibration and | 2016 | SCI
magnet synchronous Control
motors
Stability of nonlinear Journal |°f
8 | fractional-order time Huang 5, 13 Computaﬂ_on &1 2016 | sci
_ Sunhua and Nonlinear
varying systems Dynamics,




¥

&

= PSRN > k 1 2
5 # AW FLE 4 iy 1 4 e £
e R AR E
9 | i A BTN A Mg BA1L | AREA 2012 | %
# T ZigBee Hy H |a] ‘
10 o WK | wR 1 | RAAFHR 2014 | &
B 3% R Rk it
NEHERVYXBELE | L . . .
1 IR s 4 L5 S BA 07 | RAVHER 2010 | &N
/NR S B XA & AL . - s
RV HBAERE RS ‘ p N .
14 | REXBIEANHRE | KRE 5 07 | KALH R 2011 | A&
TRRAGAERN) EH N e - .
15 PR, T 3 2 3 R 07 | KRR 2011 | &N
ETREFFHAZAN | & hEIRE% .
16 5 B i B T A 1 12 # 5, 08 % 2011 | &
FE TN SN E
17 | pHFmgEdk—A | KEH | BK0 | AREL 2012 | A
HhT4F
£T VC2 RimES #K p N 0
18 WHLE 3 2 A 5 HRE | E509 | KRR 2013 | ZN
B RS  T AR R 5 \ [
Rt L R Ul [P TR I
2k A 15 4 -
— MR BRI R G R . HEHSH R
20 ] 2 3 KEMS | BA 10 @ 2014 | ZN
Robust Visual Tracking Journal of
21 | with Weighted Distribution | x4 % | & 11 | Computational | 2014 | #Z.&
Field Information
T A7 4 TR0 1 T EMN|TENTIES .
R FUOon Bt 2014 | &
o i8] 7 R S % 17 54 HE
23 |LTERRETEAN lsue |wmn |Eempes| om | o
A AP X E

-55-




&

= A s A3 ) ek & 3
75 F AW X E 4 iy i F 4 e &
Simplificayiong of 3D Computer
24 | point cloud data based on | 2 E %X | #(f+ 12 | modeling and | 2014 | #.&
ray theory net Technology
XE =@ ENGAEER . ‘
25 , . s 12 | A B 2014 7200
SRR T BT FNEE B AR E A A0
% 17 ma2E
26 |ZT PCANSERENT | om | ww1s |maEmEE | 2015 | B
W 4 2R R A o
A s
Gaph Partithon Model
Based Shet Boundary NN ICIC Express ,
# 3 Z2\N
27| Detection on Agricultural EE | R 13 Letters 2015 | 20F° B
Videos
. . 10th Asian
gg | Video Segment Retrieval | . ;o | 54012 | Control 2015 | #
Based on Affine Hulls
Conference
Asia-Pacific
Signa and
Weed Seed Image Information
29 |lassification Based on | E#i# | w13 | meceald ) o015 | g
PCANet Annual
Summit  and
Conference
T Zighee 9AFRIE | L | E A e \
. SN R %0
30 | rem) 2 it =R 12 ME B A 2016 |
ETHEZNEELEAZ \ o
o , E \
n |mermeergrs | sme |0 0| PERAET oo | g
s 12 R
b(Tf
Self-Powered Random
Number Generator Based ACS
2 | e s x| sy o | e
1936-0851

Effects at the Liquid-
zsDielectric Interface

-56-




2, N
o [ ¥ i . &
5 # AW FLE 4 iy AT 42 R e £
% H % T AL B
3B | EHMXEREAKE | REE | EF 14 | AR EFM | 2016 | 2L
*
HHEEEEENESEE o : ik b sh T e
L ROK A2 AR 1 o, o . . ;
ERER KB A R R y p \
- Ry N oA IS, 8
37 ;;%kamuﬁ H 0% | ®BA06 | BFEITTE | 2010
T ok B AT A 1 v AT \ \
/= /}% Y E‘E{\
B | wBNE AR KE 206 | it EALS 2010
Ha— ML BT s . . .
39 B R B Mgk | BR 07 | AN ENE | 2010
R oh L E AR B AL \ . et e s
0 | g XES | ®A07 | MIHEMEE | 2010
HFH R EERTRASR s
- [THT 4, /= il o
AR ST R AR 4B [ AR R . , v o
42 ko KER | HH1 | RAEERAE | 2014
HF CC2420 #n
43 | ADXL330 Wy L& fER & | A | AR08 | LEfE R 2011
HF 51 %A ALE T ARG AAT
“ BEA | BRU | gay 2013
R REARRAT
W | - E R E
45 | El Btk WAR |BRA1 | REER 2013

-57-




i fF 13 RO R AR ERB TN R REFERR I X

Be | whex R mE | 2T |tesm| enxn | BE
1 | BEREEERAT s wn10 | gmen 2013
2 | NAREERAAN lig |wnor | mAsmtA | 200
3 | EPRRRRE aan | wnoe | sAmaeA | oom
4 %zgﬁﬁﬁﬁMﬂﬁ WA | mA09 | ZAFAEH | 201
5 | sEuEAHENE | FTRY | 8500 | ZAHEELA | 2012
6 | anae THERE sy lwnoe | smmseAl | 2012
7 | RETRRRERE lan lwnoe | smwmsedl | 20w
8 %ﬁ*gﬁﬁ%%ﬁﬂ WEIR | 2500 | ZAFREA | 2012
o | AEMIERER aan |waoe | mANLEA | 2012
w0 | FFREABIAE g lwnoe | mmwmeA | 20
no | R RRNEEE ek w0 | mmsatA | 2012
12 iig%%m%%ﬁ% kAT | A 10 52 T AL A 2013
13 E%ﬁ%%m%%ﬁ% kAT | A 10 52 T AL A 2013
14 |G REARTRENT s lwqw0 | zEsned | 203
15 | IRRAEBNER | oxs |aan | wAsned | 203
16 | ZHEREIEENE yep lean | zAwnen | 20
17 | g HTRSHIEEE | arg |man | zAsaeq | 20w
18 | g BATEASRIPD g lean | xEsned | 20w
19 %giggﬁggg@ BiEE | mA1 | ZAFEEA 2014
20 | GHEBAREERR pag | TP sasnen | 2o

-58-




B9 | wkex FD EE | 55 |¥uss| wHxn | H
pn |BEERBIEED |w# w2 | smEen | 203
p |ETZSBENBT N |wan | smeEen | 203
2n |ZHEUEENEST | ppu lennz | sesen | oo
25 | BFENMREL T B 10 M E N 2014
26 | 5 ERE YN Fll  HEU | HEEER | 2014
o7 |EIANUGITINRE my  emiz | sesen | 20
2 | D RMIEIEY ke lwmn | meser | oo
2o | B FERIEARE Den lwmr | sesEn | oo
0 | RESHES s || gpaen | 20
31 |$EBHRKERRE |$EE G812 | HEEER | 205
2 | FRRES RS sz | FM L gmEen | 20
B |forever ZEAEEAL | B | @l | HEEER | 2005
3 | 0O S I RR Vs w12 | msseR | 205
3 | PEAREEERER Type | TFN ) guren | 20
36 iﬁ%ffﬂmwwﬁ A | A 12 B EEAR 2015
g | PR RENRMERR um |ex12 | weEes 2015
s | DMTRARAR | ez sw1s | weEen | 20w
30 | RRAEREAEIL | EH | %413 | SEEER | 2016
20 | ATHFERASEE | 2% | %E13 | HEZFER | 2016
a ﬁ;ﬁjﬁ MEAER | 2 gp2 | meer | 2016

-59-




| mrns oy | FE ww | PR
FE | wAmX CHAD E | A5 |4wsm| taxs | DH
S = I NEE ED
s | RFEREARER Dgpg lge1n | smsen | 20
= B
s |KIEMRESEMET lepe |ge1s | sasen | 20
ETETRARRIE | o, | . ,
44 -&L‘ EZ}LF}}( ’ﬁ: ?ﬁ"f’ ﬁf 'T:z E\ 12 i/,( {Lll' e 'T/E 71:)_( 2016

%Eﬁr_rlmmmmmmmmrﬁr_nmmmmrﬁmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmr_r:l

[{&i%%: PINCS]
Vi.0

= oA FIERHEERRE

HRSeR B 20154801 H20H
BkARHE: REE
BUelE g s RAEE
BLF T B SR

B 20155R092292

o |

No. 00728624

3' g A R A E E R RAR
THEEPLER PF & BUE IS OE B

ERE RABT 07T

Yo b &R HEWEERAERSERS

’ BE (HEFURART AR B GEEHREGEERREHE B
iz, SPEEEEPRLEE, S EREATFLEL.

Qg\ﬂ@
£
¥ % =

ARG
EiLERE

201527

Rl /el mmumu*erﬂuﬂummﬂmmmmum@ﬂmmmmmmmu@r@ﬂ@ﬂmu&@ﬂmmmmmmmmmmmmr_rﬂﬁrr., [E[E e[l

R R R R R R R R e e e R e e e R R R Rl e e R e R R R R R R Rl Rl el

P o e e o e o e T e e e e e e e e e D P e P e e B

-60 -




-61-



i 14 048 R AR ERSCERK R B

X R

1}
e 5357 B % PN o
- = Bg % > = - . . }

| |DBFFEIEABARRIAT | pex | 2mx. 22, w0 | 24
I [EeF &

2014 £ EMBEAAFKERoDOCUD | . 4y | BT T. TXRE. o

> | Arrems FER | xae. w4 o
001 5%\ BLERBFAFER | _ ow |emw o

3 oA g EX | HEH, KIEL R 7

- = og % > > i } . i

g |POFPEIEARIARIAR | —gx | vz, 2ok #2 | 204
I H % 85 %

g | 20154 EAL& A K5 & RoboCup e MR 7 BN
AFREBNEA (B ZERR) ST N, |
2015 4 E AL 8 A A ERoboCup | . 4, s EoH,

6 AT EE S5 TR &EX | EH, MHE, L8 i

L |05 FEIE AKERbDOCR | ., |HEE. REH. [T0H.
N TF B AT A x| %
2015 & F E AL & A KAFZE RoboCup |, 4, - N o |EDH.

8 | Axgnmmax FROER FEOBEE T
2014 4+ E L% A A 3% & RoboCup oo o b3

O | AFREBANEAFHIESS | —gx | oL BRI OW,
o ZTT By
DX

10 2014 4 # E 4L & A A % & RoboCup ey ETT. £Ix%. E
INTTRERHAEBINEAN E N R 7 7
2014 4+ E L% A A 3 B RoboCup k. FFARIE .

11 | N FFEERAERA (BRAXEA | — %% |BETT. IXE, F b
) E T

1o | 20134 E#LE A K 5 F RoboCup e AFE" ML B |REAF
T REA A AAFA 7 X Redkl TR

13 2013 4 [E 4L 85 A A 5% & RoboCup e BE R TLE (BFF.
TR E R AFAH R PN TR Ik

14 2013 4 [E 4L 85 A A 5% & RoboCup Iy TLE BE BEET | IH.
TR E R AFAH BofE BEg il
2013 4 E L. #& A A % B RoboCup - s

\ RIS E R .
15 | AFEIEFENEAASE | —sgz | DM R RS RGP
2013 4 7 E L. % A A % & RoboCup . o
\ . L | BE BHEH F R | T,
INTFF 3 % LR FH (k| —%4
2013 4 7 E L. % A A % & RoboCup e .
\ . . \ BOH X F ML |RFFE.
N I 2 (% | —4
17 | AT EREFZEFIEAAFH (X &% SN T I

-62-




T

*

F5 %% E I L 1IN e
2013 4 7 E| L% A A % & RoboCup e s
18 | AFEREESNEAARE Cc | —%x [T HAEE EEC.
i e BRakEl I
SR HD)
2012 FH EHEAARE o
19 | RoBoCup AFEREFZFSNBEAA | — &% ?Eﬁz%;fﬂk%ﬁ %ﬁ‘
4 O R ek i g
20 2012 F A ENHEAARE —%¥X | FE.RER. £H&. | IR,
RoBoCup /»7F % B B &% A F 4 (BE) | FXW = A
o1 2013 FHEMNBZEAAEERObOCUp | — %% | XM, B, L. | Tk,
NFFERBERNZEAAFA (%) | BEF. & F b
2012 £ o [ 4 E . e | ERET. W o
2 | Hlas A KRB =4 JRy EFR. =
RoBoCup /» JF % B s R A F 4 (%) %%@(‘ ) R Y
23 2015 H EHLEAARE RobOCup | —% % | AHHEE FTE &, ERCR
NFFREBNBEANCERIREAR) | (LE) | THA. FE x| %
2015 F EHLEAAFEERobOCUp | —% % |, MESZE:N
2 | \FERMEIEADE (pE) | TR RE BER T
- 2014 EF ENEAKAEERObOCUp | —% % | SRE. FéiE. Bt | T,
INFERE R EREALE A (T%E) | IxE I
26 | (DRI ENEAARIER ] —ux | n. mam. KR | 04
2016 5 FETEINEAARIEE | _ 0, |ATH. FE. A
21 |y ek —FR | nsm B
2 | DR FEDENEAAEREL | —gx lpm. wa. 250 | 204
og | 20154 % [E 4% A A 5% B RoboCup e AE. TiHAE. T,
AFEMETRARE Lk ) %
0 2015 4 7 E L% A A % & RoboCup e AREE . KA EE
INFT R AR SR R 3: 2 x| 1%
5 | 205 F P EAEAAFERBOC | _, , | AR KHIE. Ioh
INTE R AT T B x| 1%
g | 2015 EI#L2 A A3 E RoboCup Sy T, TR, T,
NTFEF R BT S x| ¥
2014 4 # E #l.# A A 5% & RoboCup e
B | A FAERERENBARREIERY | Z5X | FE. RF. =L E»ﬁi\
ERE »
2014 4 # E #l.# A A 5% & RoboCup T
M |\ NFEERANEATE ITERE | —F% R#. 52, ETT Eiﬁ\
*
2014 & F E| L% A A % & RoboCup o s N
3 | AFRREANBAZKTEKSR | —gx |20 K TSR

-63-




T

2= % %TH ¥ 75 % FW R i
2014 £ F E L& A A 3 & RoboCup i - s o

% | AFREBANEAZK TEEE | —&x | LW EHT. \IOH.
2014 4 # E| L. & A K % Z RoboCup . \ I

37 | AFREBRANEARK TEES | —&x | FHT KR E2,
ot x| Z 4% TR
2014 4+ E L% A A % & RoboCup ‘ y I

3B | AFERBENEAESTEAE | —%% |0 FHEL\EDH.

39 2013 4 E . % A A 3 B RoboCup e kEE FLE IR, K
LS P Tl — ERi BE s | B
2012 £ F EEAARE s HEE .

40 | RoBoCup A FF&EMN ZHEFNBEAKR | %X . B %J’%&;ﬁ e
il TE. RER. HE| AR
2012 FHENZEAKREE EhE FE T, =

41 | RoBoCup /A FF % 5 AALE ATLIREL | =% % | piln St e
2012 F + EALEH AAFKE 5 . s

42 | RoBoCup A FF ML E A kit 1 | —ss | o AT, I EFE,
B S R, R Tt
2014 £ 2 F g R 5 5 3 EHE& . . - =

43 ;mgigm&%ﬂE%Mﬂm% fzﬁ B, BLI. BA | iR

| DB EFAE CEART FEAE | ERE | ARE ARR. | gy
R EEFr Y =
0155 % NBERRADRAFE | BRA | 0~ L

B | ap okt At KEAAE =gy |FERA FXMW
2014 & “FEHER" AZAHE | BRA | GB. T525. Ak,

46 R
it k% ECTES
%‘{—EQE@_?%—%E “j:jEéﬁ?H:” @%@_ — A 4 T &

A\ ek hgisiiteagg | x| OK BW s
2016 = ETEMNEAKNEFEAE | _ o | . ‘ .

g |WOTTASENBAARIAR 242 |ita. #0. 28 | 204
2016 £ HETRMNEAAEFTAE| _ .. ‘ \ .

ag |WOFTALENEIAATIAR] zgn | 2. sra. 2men | 204
20165 FEIENEAAEREE | _ .., |248H. THEE. A

5y | 2015 EHL 2 A K3 B RoboCup — ErM. I F5. FoH,
NFFEEFERE = T4 )

5, | 20155 = [E 42 A K% B RoboCup — X B, EAE, BN
NFFEE H R E - % )
2015 £ F EALE A AFEERoboCUP | — 4y, | » = i

53 | \FEEHIEBE SEROAE. IR FHR T




B ‘ B *e
Fe S KRB ¥ 35 S F R ol
2014 & # E L& A A % Z RoboCup T b b
54 | AFESEANEAEHTIRES | Z4% | 0. #%. T5% #%@
=R -
2014 F # E L& A A F & RoboCup o . I
S5 | AFRREANEATHIELS | Z4x | FAE IR
g B % % 7
55 | OBFPENBAAFERDOCUD | _ ., | AR BUR [5F 17,
NFFERGAMBAE R EREL | — " | B BT, LA | FThe
57 | 2013 = [E 4L 2 A K % E RoboCup —wyw FOfE . IR, FN | E D,
INTF BN AALE AT AR A | . ERM. BE | BEF
sg | 2013 = [E 42 A K % & RoboCup —myw AR, . e | ER. X
AFENLE AN L ES R md | Y, REF. KEE | L
2012 FF E M B AAEE o
‘ . o | EEE. BWE. (TR, 2
\ B = 3 — Ay
59 R%oﬁggupz FHREFEANBATEL | Z%X TE. AEE oy
FEATIESR
oo | D15 F “PEEMAT AFEHME| BRA | R H
it hFEL |7 33t
ERBEANLERGREEREA | BXE | ., . N TEM.
SL | ey A+ kA NE g | TN HET g
oo | 2014 F “FERMNT AFEHMA | BER | HEX. B, R H
Ptk tEL | TE2Y 3
EES N T
ez | 2016 £ ACM-ICPC EIFA¥ 72 | HRA | &L, BT, (BEE,
B it WY | M. A 3
HRR. BlE. ¥
T R =
AEBRAZEERAEAREE | L0 | aw
64 %%%ﬁﬂééﬁﬁ#%ﬂ%&%”i%;gi%%‘éﬁ ik
Ex=
65 | 4 A2 A 2 LR A B sy | BE. B ik
— &y
A= oy
66 | 2015 £ 4 H A% £ KT EE ol EF TR T 5
o |06 FELEH “GIEA” KBE | #%44 | KB B, T
K A ok ¥ | miEE. kEE HER
/\é
68 | 2014 £ IKE4 “HHK HLAK| T LT | T2 i
006 FFLGE “ERA SEUM| ., [AEE BRI, |,
69 | TUAARIHALAEC/CrE | Ty, |ERR. TE. AR %%@
Fikit A& . HAE i
o | 016 F “HEHUM” LEAFAS | #A— |BW. TF K,
M R CHANE S HAER

-65-




o g ‘ n %S
2 5 %7 H %5 £ %0 R i
2015 4 “www. cyuyan. com A7 B | % — | TR E
N wma gz BRI gy |FRE. BT e
7 2015 & “HE XM AH JavaeF | A% — | IEXSF. WHEH, EH | TEW.
it 22 | W .
73 | 2015 4 4 [ Ak HEH T K iég A ﬂgg‘
" AR, XNEE&H. T \
74 | 2015 4 4 Ak HEREE R ié% L. BEE. R ﬂég‘
ZEi !
5 | DR BARERRAERERE | G0 | NEA FAGE. F [RES
BH ALY A AEAK £ | TH. g ik
o |WBEREE R BATERER | AR | .
25 % %y % i
77 | A EAZEHBREHEE /zg mEE. wEE | kEE
25—
- 2014 FFHE “EHN” 2EHMH | FR/E N FBAL K
0 A 5 A A g | T hE B
%4
25—
o | DUERTE CERE AEKE | SR8 | ¥k
A S A AR = HE B
%4
25—
o | 2014 FHEE R SERS | R/E | o L R
b A A E AL A gEMg |7 AR
5%
BRm. BhT. I
W THRE. M4k
o | EEEES HlEET KEE | 4RR | TRE. FAE. 2 [KES.
g ¥ | aw. 2es. x| wme
K. % BE. R
=4
JA%E . Z4am. EH
B ERH. BEE.
2016 £ 5 £ /B “EH SERH | L, ﬁwﬁgmﬁ\ﬁ%\%j%
B2 | 4 AL RIS AR AK C/OHE | T %&ﬂ m%x s
Bt k% | =Rl g | KSR
g 7:?)%\ E/WJ\
EEE. RE. E4
o | 2065 “BRAR BEAFER | B0- |HEE. ARE. ¥ [JOBE.
ST £y |25 e

- 66 -




X Sz

2R

T

Hm
R, BRI,
84 016 FHAEFNBAFAERFR | AR | IMEH. BRE. FE. | TEW.
It 7% % % |\ mEL. BF. KEH | #Z
. BRFx. ZH
g5 0655 +t—maEAFE “BE | 2% = | ZEH. REX, A AL
B MG RAFRR X | HEW e
2015 4 “www. cyuyan. com #17 Bk | &%= . o A ar Tk
% | mawzmrsLt gy | AL RFE e
g7 2015 F “HEXM” 2B Javate)y | 4= |£F. @RI, KA
it X | KA KBRS
L ‘ HRZ | k. FZA. AL
88 | 2015 F 2 EAF A FEET R | wEE. GEE .
WM. AR
89 015 F F N EMHaERGtME | 4% - |RE. Th. £&. |E£W.
BEAEWL AL KENAFE EFX | BEXR. HAR. L g
kE. TAEE
90 W0 FMREREFAFELTH | 5 201 WeE .
%61k FR K B4
o | W4 EHEE EHHT SEAH | 42= | e T B zam,
Tl A AT S A A e g; e s
2 =
WNE. REE, DX
B, Ex. XK.
2016 % HE 8 “EHRAET SERA | L |22 IEE
02 | £ At SHUAEC/CEE | T | E TR AL A
e EX | KKE.EF. KR, | HEE
7k A S IR
RFE VB EE.
KILE. B, FA8.
x| %
93 2015 & “www. cyuyan.com #£” Bk | A% = | E#H. H/A R, BB E .
WH% = mEFRIT RO\ RE.EFH. PA | 2R
7. 54F. HE X,
kAL ZH, BERE.
o4 2015 & “HE XK 2E Javatt/F | X = | E)0. BEM. FX (XMW,
wt FX | F,FH. THEE. | HEE
HEE. H/NR.
FEHE=, TEE
——
o5 | 2015 & ACM-ICPC T A% £8 | &%= g%iwﬁig BOREE
ikt X TN g
el
9% 0 FF A BEMMLERGEME | £%= | 27 TE. WAR, |[EXW.
BEAL WAL KFEMNAE FX | FE. FER. e g

-67-




T

e 55T H %75 % %0 A i
HER. BRE. 5
E2L 2T IF
. AT
P T
N
o |PuEnEE wrrr smEns | waz |0 PR ER aaq
\ NI o 3 = . .
) A A S Al AT g | PETID T een
55 EAM. KE
Ims
- 2014 = ACM-ICPC EIF A¥ 4% | %= | ARA. B, H/ |[BKEE.
[ 1 |z o
99 | 2014 £ T4 “HHAM Al A% éﬁﬁ % 2
2015 £ ACM-ICPC ElIm A ¥ A% | H5h | Bz, B B |
100 | 2in it F% |, wrm. oz | VEE
bhr. AR, WHE
o | D14 ERTE AR SEHM | AR % BE ART. |
£l A A B Al AT 5% | AEL. BN, £4
s FoNE. BB
2014 % ACM-ICPC Eff A ¥ A% | F4 4 W .
102 | 202 FAC R e, sxm | e
20165 FHTENE N AREME | . _, | ok, BEB. B | -,
103 | o 2 1 B 4 A S BFR | 2 g £
104 | 2014 & 4 E % = B A 5% RER | . TR, FE 3

-68-




- 69 -



-70-



-71-



-72-



-73-



.

PEILR BB R F
Fpsiih R4 fEiedr PZEH BW W

P (A1) Btk CGERBLOMIGEEHRN ) 72551 00E “HRA" haL
Tl A K A BRIhF AR LA b S vh 3k
=Fx

SR kite
FEMIULIE, LA

-74 -



B =
FRIZUEP
P RMEHT KPR S £ “2012 T EHLEE A K38 RoboCup A FF4E (8 H 1-3 H,
ERNBEDR )" gk AL SE b HLAS N 8 A A2 4T H A

F E (—FX)

A
E2 NI
MBA: VR ¢mamw%éhﬁA%§;¢§ﬁ%
WSZM: TR SR R A S R AL G L R
BAR:  ASACRS JUGHS G SRaLt m@ﬂ@zﬁ
FRF JEL

201248 A 3 H

-+'T :l . L
RAZIE P
AL RMEE RS 5T T A A EE £ “2012 P EPLEE A KIEE RoboCup 24 FF 3
(8 19 13 F, BMIED)” shaeRUL I LI A FL e Bk 405 L%
o OE (—&®)
H5 2 MAIE

ZAEPME
PIA:  VEEURE
ML R
B EE R WHER R PN J 17
JH MW 20124E8 H3 H

-75-




%3 T v At :#;
IR IZUE
AL RHREHE KRS HEE L 4 “2012 P [EHL2% A K TEEE RoboCup 2 FF 3 (8 H 1-3 H,
B MER)” tha R R T PLER A KRl (R 2 ) T E H g%

—EX
Ly AT

E IR
WA FREA
feEm: PREEE TR
BAGY:  gRATHE MREM B REIT
1 2

_

FNRLEXFETRERHE
HEETRSHEER “BORK”

&
s

4201 14E 3 DU 4 A% 2 1 A A 2
SRR AR, 4 K

%%, N T . Y 4

WIS 3 7 ko Ahmessbn s
TR '

BRBR: ShBHAHRAT

BRFE: @, 4 KaE ki
T

RS HIT. bk 4%

GE4s4 . 2011080803317

-

-76-



| ST SIS ST

DOl
RS
Wz -SiS

L%

& i
2 7 & NS 4‘171‘“0 1}7m§§‘
QLS v ’4“3“1”\ % .n’/%fﬂ,l\.-\,’k \p{( ‘-“‘?@(&?‘l\w,b A
VS i N

0 TR “‘o: "\‘“!,’/" Sos y Wisiss: ‘
S
VSIS US Tonitl

x e

e i
3 o .jﬁ\%ﬁ iR o
1

[/ 7 ‘«4% 2N
s p?wv‘&?.\w
w2 liss oy
SV SV s

4

L
b
)

-

i

]
S

s
oy

{

3 .

wﬂ'ﬂ s 1!"* J 14
e

D)
S

N,&?" esal 0 ;
I i i O i M
s

N

]
il
e & |

s
.}' I
i

na
S
S

Z
; A
>0 22| |
0 3 T .El‘
L

i ﬁ‘ <

D e
il PE ME 4E 40 3
= At;aﬂi g A2 .Q!’ A B

'vif"’vm
o
Zige '° N ' ‘ s {
SRACE e sea
--%@&iﬁ{' : 7.= 7'- 7 N ‘@W"‘i& e |

i
2 Ve

-77-



F=Ha RHER

fH#F 15 A ENH 2 EX AR IE

AT Eil=|
¥ maxw | 2o | 28 T E 4 Aol TR am
W4 (o)
7 &
1 ERE% | #F% | 5162290 | KHE 3R G E R | 2017.0 130
BELEL | £4T 6 M 5 35 # 1
5]
WML 3R T g
5 EXRE% | @ ET | 5147917 | LT A4 E % | 2015.0 84
BExEs =] 3 AR A Fuix # 1
] 77 %
ELEmREEKE
3 EX B4 | @ | 5127916 | LA EKAEIZH 52 | 2013.0 82
BELEL E 7 T A1 5 RO K X 1
A IR
Bk &
, | ERES | @A | 5137017 ;é%*%aﬁ =% | 2014.0
PRI . 3 ~¢%i@%% A 1 78
TR
— il 3E 4 M oo
5 Ex B4 | @ LT | 5157715 | M fr 5 B M B | 2016.0 58
BEEL E 7 BAHHLE R HE B 1
BB R
‘ A 3E 1 A 4 AT
5 EES=FS #%é_smwm AR AT S = | 2014.0 25
BEEs 55 3 B R AAL R R HE 1
o
‘ . A AR AA
4 B X E %A #%érsnwm T ARG IELME M4 | 2012.0 o5
BEEL ﬁé 0 WA ¥ oA EE # 1
) il
L | BER C Hi Mgk 8
8| manl [#es 20 eppnien | 25 | 020
- T H BT B AR R

-78-




RHE 7 AT R

EXE®R | FFT | 3150122 | £ H 74462 6
Ol wzxs | B 4  |mmgnsyy | E | 20161) 24
H o
[ #ER FEp
0| BEIR | wup | R v apugne | zm | 200
52| g 1R ]
L EFARTFE | .
%R | FEM . . &
| GEOO | FIT| R ey | O 1| 2
= K UHEF 5
FES ey
o BT 2 R
ExEk | EET ‘
12| GEOR | FIT SN2 g perx | P8 | ooe | 2
CEBAEE | *
o
. KL B \
254 % AL RAS R s
13 ;fjﬁﬁ AT 5153921 AEsERmE | F |11 | 10
% 2 EGF AR "

-79-




fif#F 16 O AE R H - E AR KL MAFTE

Fe | mEkE | mEsA | mEak | G0 | THTR | THEX
1 qﬂﬁﬂz%ﬂ% L% ﬁgig Ty | 201101 | 2013.12
2 ;gﬁ%; R ﬁzgg H¥% | 2011.01 | 2015 12
3 | BEARAET | FHEX éﬁg i WEM | 2012.01 | 2013.12
4 3 HHE ﬁ E;ZE ;; j% %3 | 2012.01 | 2016.12
5 | BEBEHEAANT | #HK fﬁ;ﬁ;ﬁ A | 2014.01 | 2016.12
6 | WERMEE | FEHK fg‘ % Z#3Y | 2014.01 | 2015.06
7 % ﬂ; }fjf i HEHK ﬁf’;j{ g & AP | 2014.01 | 2016.12
8 M &R T X # Jig y‘i fg; f; f;é B 2014.01 | 2016.09
o | mmeAAT | #w | LU wEE | 201401 | 201711
10 igiigﬁ HE R ﬁf‘ég ZILIg 2015.1 | 2016.12
11 ig:}ﬁii HE#R iggf} THET 2016.1 | 2017.12
12 igiigﬁ R fg;ggz W 2016.1 | 2017.12
13 igiggﬁ HEHR fj;g i% WE 2013.1 | 2014.12
14 & @I}fﬁ; ¥ HEHR gi‘gg;ﬁ WE 2013.1 | 2014.12
5 | % ﬁﬁf ;k | sas g ;i igﬁ H# 2011.9 | 2012.9
HEHGFE T AL
16 | BAGRHMHAE | 8% | Kkawy | #HELE 2014.1 | 2016.12
e R 52K

-80-




AR HAT I (R

Figd &

17 Y & HER | MBREE | BERA 2010.1 | 2014.12
o) B £ I A b
e 3 BHEEE
8 | FEEEFN Lawg gmws | 5® | 241 | 20612
T Y A
J 7 EFHRE
19 2%;ﬁ£ﬁ%?i;ﬁ§§ R SERE 77 5 2014.1 | 2016.12
) ) A A
12 &
20 HanEs | HHEX AR F 4 5 2014. 5 2015. 12
RS
BRI &
21 LERFEL | HHR AR R (8] T % 2015. 1 2016. 12
R EF 8]
3 \ \ =3
22 gﬁiﬁk% B R ig;i 7B 2015. 8 2015. 12
ETEx
23 | AEBEIK | HHK TR AN E WK 2015.1 | 2016.12
BEAE Ak &
e oA A
24 %ﬁifﬁ% B HR o AL K% 2015. 1 2017. 12
. s Ak
Wg A
ETEx
5 | HAEBEIK | FHEK A E I 2015.1 | 2016.12
BE AR Ak &
B RF AR HIRK 4
26 | ARITXI-EA | IR fRHEA 7 B 2017. 1 2018. 12
T H ot
BT HEAK X % &
27 | BHESMSRK | FHEK B F R 40 K% 2016.1 | 2016.12
] 2%
BT HEAK Rk B
28 | HiES MRS | FHEK 15 &R % - 2016.01 | 2016.09
ER % FEBEE

-81-




Fif 17 o U A B R A8 XX

. Diyi Chen, S Liu, Xiaoyi Ma, et a. Modeling, nonlinear dynamical analysis of
a novel power system with random wind power and its Control [J]. Energy, 2013,
53: 139-146. (SCI, IF: 4.844; El ) (JCR4KX: 1KX)

. Hao Zhang, Di-Yi Chen*, Bei-Bel Xu, et a. Nonlinear modeling and dynamic
analysis of hydro-turbine governing system in the process of load rejection
transient[J]. Energy Conversion and Management, 2015, 90: 128-137. (SClI, IF:
4.388; EI) JCR4RX: 1K)

. Diyi Chen, Peng Xu, Rui Zhou, et a. A CMAC-PID based on pitch angle
controller for direct drive permanent magnet synchronous wind turbine[J]. Journal
of Vibration and Control, 2016 22(6): 1657-1666. (SCI, IF: 4.355; ElI) (JCR
4K: 1[X)

. Diyi Chen, Cong Ding, Younghae Do, et al. Nonlinear dynamic analysis for a
Francis hydro-turbine governing system and its control [J]. Journal of the Franklin
Institute: Engineering and Applied mathematics, 2014, 351: 4596-4618. (SCI,
IF: 2.260; EI) (JCR4RX: 1K)

. Diyi Chen, Cong Ding, Xiaoyi Ma, et al. Nonlinear dynamical analysis of
hydro-turbine governing system with a surge tank[J]. Applied Mathematical
Modelling, 2013, 37: 7611-7623. (SCI, IF: 2.158; ElI) (JCR4X: 1K)
. Janwei Zhu, Diyi Chen*, Hua Zhao, et a. Nonlinear dynamic analysis and
modeling of fractional permanent magnet synchronous motors[J]. Journal of
Vibration and  Control, 2016, 22(7):  1855-1875. 2014, doi:
10. 1177/1077546314545099. (SCI, IF: 4.355; EI) (JCR#4X: 1K)

. Diyi Chen, Weili Zhao, Julien Clinton Sprott, et al. Application of Takagi—Sugeno
fuzzy model to a class of chaotic synchronization and anti-synchronization[J].
Nonlinear Dynamics, 2013, 73: 1495-1505. (SCI, IF: 3.009; El ) (JCR 4
X: 1[X)

. Diyi Chen, Runfan Zhang, Xinzhi Liu, et a. Fractional order Lyapunov stability

-82-



10.

1.

12.

13.

14.

I5.

16.

theorem and its applications in synchronization of complex dynamica networks[J].
Communications in Nonlinear Science and Numerical Simulation, 2014, 19(12):
4105-4121. (SCI, IF: 2.569; ElI) (JCR 4X: 1[X)

Diyi Chen, Weili Zhao, Xiaoyi Ma, et a. Control for a class of 4D chaotic systems
with random-varying parameters and noise disturbance[J]. Journal of Vibration and
Control, 2013, 19(7): 1080-1086. (SCI, IF: 4.355; El ) (JCR4"X: 1)
Bin Wang, Jianyi Xue, Diyi Chen*. Takagi—Sugeno fuzzy control for a wide class
of fractional-order chaotic systems with uncertain parameters via linear matrix
inequality [J]. Journal  of  Vibration and  Control, 2014, doi:
10. 1177/1077546314546682. (SCI, IF: 4.355; ElI) (JCR4X: 1K)
Runfan Zhang, Diyi Chen*, Younghae Do, Xiaoyi Ma, Synchronization and
anti—synchronization of fractional dynamical networks[J]. Journal of Vibration and
Control, 2015, 21: 3383-3402. doi: 10.1177/1077546314522506. (SClI, IF:
4.355; EI) JCRAK: 1[X)

Chen Diyi, Zhang Runfan, Ma Xiaoyi, et a. Chaotic synchronization and
anti—synchronization for a novel class of multiple chaotic systems via a sliding mode
control scheme[J]. Nonlinear Dynamics, 2012, 69(1-2): 35-55. (SCI, IF: 3. 009)
(CR 4 KX: 2[X)

Di-Yi Chen, Cong Wu, Cheng-Fu Liu, et a. Synchronization and circuit simulation
of a new double-wing chaos[J]. Nonlinear Dynamics, 2012, 67(2): 1481-1504.
(SCI, IF: 3.0; El ) JCRA4KX: 2[X)

Di-Yi Chen, Lin Shi, Hai-Tao Chen, et a. Analysis and control of a hyperchaotic
system with only one nonlinear term[J]. Nonlinear Dynamics, 2012, 67(3):
1745-1752. (SCI, IF: 3.009; ElI) (JCR 4X: 2 KX)

Beibei Xu, Di-Yi Chenx, Hao Zhang, et al. Modeling and stability analysis of
a fractional-order francis hydro-turbine governing system[J]. Chaos, Solitons &
Fractals, 2015, 75: 50-61. doi: 10. 1016/j. chaos. 2015. 01. 025. (SCI, IF: 1. 761)
UCR 4 X: 2[X)

Diyi Chen, Runfan Zhang, J C. Sprott, et a. Synchronization between

-83-



17.

18.

19.

20.

21.

22.

23.

24.

25.

integer—order chaotic systems and a class of fractional-order chaotic system based
on fuzzy diding mode control [J]. Nonlinear Dynamics, 2012, 70: 1549-1561. (SCI,
IF: 3.009; El ) (JCRZKX: 1K)

Diyi Chen, Weili Zhao, Xinzhi Liu, et al. Synchronization and anti—synchronization
of a class of chaotic systems with non-identical orders and uncertain parameters[J].
Journal of Computational and Nonlinear Dynamics, 2015, 10(1): 011003. (SClI,
IF: 1.530; EI) (JCR4K: 1K)

Lijie Diao, Xiaofei Zhang, Diyi Chen. Fractional-order multiple RL.C; circuit[J].
Acta Phys. Sin., 2014, 63(3): 038401. (SCI, IF: 0.845; ElI) (JCR 4-KX:
4 [X)

Diyi Chen, Zaitao Sun, Xiaoyi Ma, et a. Circuit Implementation and Model of
a New Multi-Scroll Chaotic System[J]. International Journal of Circuit Theory and
Applications, 2014, 42: 407-424. (SCI, IF: 1.210; El) (JCR 4 KX: 3[X)
Di-Y i Chen, Shen Tao, Ma Xiao-Yi. Sliding mode control of chaotic vibrations
of spinning disks with uncertain parameter under bounded disturbance[J]. Acta Phys.
Sin., 2011, 60(5): 050505. (SCI, IF: 1.259; El ) (JCR4X: 3KX)
Chen Di-Yi, Liu Yu-Xiao, Ma Xiao-Yi et al. No-chattering sliding mode control
in aclass of fractional—-order chaotic systems[J]. Chinese Physics B, 2011, 20(12):
120506 (SCI, IF: 1.631; ElI) (JCR4X: 2KX)

Chen Di-Yi, Liu Yu-Xiao, MaXiao-Yi, eta. Control of aclass of fractional—order
chaotic systems via diding mode[J]. Nonlinear Dynamics, 2012, 67(1): 893-901.
(SCI, IF: 3.0; El ) JCRA4K: 2K)

Chen Diyi, LiuYe, MaXiao-Yi. Parameter estimation of phase space reconstruction
in chaotic time series based on RBF neural networks[J]. Acta Phys. Sin., 2012,
61(10): 100501. (SCI, IF: 1.259; El ) (JCR4X: 3KX)

Diyi Chen, Chengfu Liu, Cong Wu, et a. A new fractional—order chaotic system
and its synchronization with circuit simulation[J]. Circ. Syst. Signal Pr., 2012,
31: 1599-1613. (SCI, IF: 1.264; El ) (JCR4X: 2X)

Diyi Chen, Peng Shi, Xiaoyi Ma. Control and Synchronization of Chaos in an



26.

217.

28.

29.

30.

31.

32.

33.

Induction Motor System[J]. International Journal of Innovative Computing,
Information and Control, 2012, 8 (10B): 7237-7248. (SCl, El JCR 4*[X: 2
X)

Diyi Chen, Runfan Zhang, J C. Sprott, et a. Synchronization between
integer—order chaotic systems and a class of fractional—order chaotic systems via
diding mode control [J]. Chaos, 2012, 22: 023130. (SCI, IF: 1.761, JCR
4K: 1[X)

Diyi Chen, Weili Zhao, Xiaoyi Ma, et a. Control and synchronization of chaos
in RCL-shunted Josephson junction with noise disturbance using only one controller
term[J]. Abstract and Applied Analysis, 2012, doi: 10. 1155/2012/378457. (SClI,
IF: 1.274) (JCR4KX: 1K)

Diyi Chen, Run-Fan Zhang, Xiaoyi Ma, et al. Synchronization between a novel
class of fractional-order and integer orders chaotic systems via dliding mode
controller[J]. Chinese Physics B, 2012, 21(12): 120507. (SCI, IF: 1.631; El )
(CR A4 K: 2 K)

Diyi Chen, Wenting Han. Prediction of multivariate chaotic time series via radial
basis function neural network[J]. Complexity, 2013, 18(4): 55-66. (SCI, IF:
4.355 ) (JCR4KX: 2[X)

Hao Zhang, Di-Yi Chen*, Bei-Bei Xu, et a. Controllability of fractiona directed
complex networks[J]. Modern physics letters b, 2014, 28(27): 1450211. (SClI,
IF: 0.687) (JCR 4X: 4[X)

Diyi Chen, Cong Wu, Herbert H. C. lu, e a. Circuit simulation for
synchronization of fractional-order and integer order chaotic system[J]. Nonlinear
Dynamics, 2013, 73: 1671-1686. (SCl, IF: 3.009; El ) (JCR4X: 1IX)
Chen Di-Yi, Zhao Wei-Li, Ma Xiao-Yi, et a. No—chattering sliding mode control
chaos in Hindmarsh-Rose neurons with uncertain parameters[J]. Computers
Mathematics with Applications, 2011, 61: 3161-3171. (SCI, IF: 1.747; EIl)
UCR 4 X: 2[X)

Beibei Xu, Diyi Chenx, Hao Zhang, Feifei Wang, The modeling of the

-85-



34.

35.

36.

37.

38.

39.

40.

4].

42.

43.

fractional—order shafting system for a water jet mixed-flow pump during the strartup
process, Communications in Nonlinear Science and Numerical Simulation, 2015,
29(1-3): 12-24. 2015-4-21, doi: 10.1016/j. cnsns. 2015. 04. 018 (SCI, IF:
2.569; ElI) (JCR4KX: 1[X)

Bin Wang, Jianwei Zhang, Delan Zhu, Diyi Chen*, Takagi-Sugeno Fuzzy
predictive control for a class of nonlinear system with constrains and disturbances,
Journal of Computational and Nonlinear Dynamics, 2015, 10(5): 054505. (SCI,
IF: 1.509; ElI ) JCR4X: 1K)

Beibei Xu, Diyi Chen*, Hao Zhang, Feifei Wang, Dynamic analysis and modelling
of anovel fractional—order hydro—turbine-generator unit, Nonlinear Dynamics, 2015,
81(3): 1263-1274 (SCI, IF: 3.009; El ) (JCR4KX: 1K)

Rui Zhou, Diyi Chen*, Fractional order L beta C alpha Circuit network, Journal
of Electrical Engineering and Technology, 2015, 10(4): 1597-16009.

Hao Zhang, Diyi Chen*, Beibei Xu, Rui Zhou, Controllability of fractional—order
directed complex networks with self loop and double edge structure, Journal of
Circuits, Systems and Computers, 2015, 24(6): 1550087

Kun Zhou, Diyi Chen*, Xu Zhang, Rui Zhou, Herbert H. C. lu, Fractional order
three-dimentional *n circuit network, IEEE Transactions on Circuit and System
I-regular papers, 2015, 62(10): 2401-2410.

Rui Zhou, Diyi Chen, Fractiona—order 2xn RLC circuit network, Journal of Circuits,
Systems and Computers, 2015, 24(9): 1550142

Hao Zhang, Di-Yi Chen*, Kun Zhou, Yi-Chen Wang, Controllability of
fractional-order Chua's circuit, Chinese Physics B, 24(3) (2015) 030203
Beibei Xu, Di-Yi Chen*, Hao Zhang, Feifei Wang, Modeling and stability analysis
of a fractional-order francis hydro-turbine governing system, Chaos, Solitons &
Fractals, 2015, 75: 50-61.

Zengshan Li, Diyi Chen, Janwel Zhu, Yongjian Liu, Nonlinear dynamics of
fractional order Duffing system, Chaos, Solitons & Fractals, 2015, 81: 111-116.

Sunhua Huang, Runfan Zhang, Diyi Chen, Stability of Nonlinear fractional—order

-86-



44,

45.

46.

47.

48.

49.

50.

51.

time varying systems, Journal of Computational and Nonlinear Dynamics, 2016,
11(3): 031007.

Beibei Xu, Diyi Chen, Hao Zhang, Hamiltonian modeling of multi-hydro-turbine
governing systems with sharing common penstock and dynamic analyses under shock

load, Energy Conversion and Management, 2016, 108: 478-487. 2015, doi:
10. 1016/j. enconman. 2015. 11. 032, 2015-11-18
Feifei Wang, Diyi Chen, Xinguang Zhang, Yong Wu, The existence and uniqueness
theorem of the solution to a class of nonlinear fractional order system with time
delay, Applied Mathematics Letters, 2016, 53: 45-51.
Huanhuan Li, Diyi Chen, Xingguang Zhang, Yonghong Wu, Dynamic analysis
and modeling of a francis hydro-energy generation system in the load rejection
transient, IET Renewable Power Generation, 2016-3-23, accept.
Huanhuan Li, Diyi Chen, Hao Zhang, Feifei Wang, Duoduo Ba, Nonlinear
modeling and dynamic analysis of a hydro—turbine governing system in the process
of sudden load increase transient, Mechanica Systems and Signal Processing, 80
(2016) 414-428.
Xu Jinghui., Xiaoyi Ma*, S.D. Logsdon,R. Horton. Short, Multi-Needle FDR
Sensor Suitable for Measuring Soil Water Content. Soil Sci. Soc. Am. J. 76
(12) :1929-1937, 2012 (doi:10. 2136/ss532011. 0361) (SCI) .
Xu Jinghui., Logsdon S D, Ma X, et a. Measurement of Soil Water Content
with Dielectric Dispersion Frequency [J]. Soil Science Society of America Journal,
2014, 78(5): 1500-1506. (doi: 10. 2136/sss32013. 10. 0429) (SCI) .
Lel Wang, Jinghui Xu, Duoduo B, et a. Calculation of the transport critical current
density of c-axis textured 122 iron-based superconductors [J]. Physica C:
Superconductivity and its Applications, 2013, 485(2): 149-153. (SCI)
Wenting, Jinghui Xux*, et al. Experimental study on T-TDR sensor soil heat transfer
anaysis and structural optimization; proceedings of the American Society of
Agricultural and Biological Engineers Annua International Meeting 2013, F, 2013
[C]. American Society of Agricultural and Biological Engineers, 2950 Niles Road,

-87-



52.

53.

54.

05.

56.

o7.

58.

59.

60.

61.

St. Joseph, MI 49085-9659, United States, 5,4097-4110. (El, #iffE#, 3 2013
% [H ASABE F 4t 7 X &)

Fan Qiang, He Dong jian. 2013. Weighted image reconstruction alg
orithm based on adaptive sampling rate. International Journal of App
lied Mathematics and Statistics. 51(22): 71-80. (EI ¥ %)

Fan Qiang, He Dong jian. 2014. WSN Image Acquisition Method
Based on Interleaving Extraction and Block Compressed Sensing. C
omputer Modelling and New Technologies. 18(9): 223-227. (El Yx)

Wang Bin, Xuedianyi, He Haoyan, Zhu Delan. Analysis on a class of double-wing
chaotic system and its control via linear matrix inequality[J]. Acta Physica Sinica,

2014, 63(21), 210502. (SCI)

Wang Bin, Xuedianyi, Chen Diyi. Takagi—Sugeno fuzzy control for a wide class
of fractional-order chaotic systems with uncertain parameters via linear matrix

inequality [J]. Journal of Vibration and Control, 2016, 22(10), 2356-2369. (SCl)

Wang Bin, Zhang Jianwei, Zhu Delan, Chen Diyi. Takagi—Sugeno fuzzy predictive
control for a class of nonlinear system with constrains and disturbances[J]. Journal
of Computational and Nonlinear Dynamics, 2015, 10(5), 054505. (SCI)
BRFF, A, B, % ARNWETRAROREAZ M EEFI]. +E
EAL T A%, 2011, 31(14): 113-120. (Bl #k) (e 2|+ EA i EA N
[ &)

®L%E, BRFF, %, ERERARINATRAZELRERES AT, HEMN
WIBH¥|, 2012, 30(4): 428-435. (HEfz1E#) (EI fF)

BRAF, Ak, TFEL, F. BAAARNEATRAZEE SRS A F 0N
[J. +EEMTEFM, 2012, 32(32): 116-123. (EI'KF) (R 1 FHXH
B RFK)

BRwF, wum, BN BRETSEMELIRERTZRERNER I, KA
Hopdr, 2011, 30(9): 248-252. (EI Y3k)

BRAFE, T, €%, . ARXENEARGWFEEIMEEZESREE LT

-88-



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

A& AR, 2014, 33(2): 235-241.

FEM, D#U*, % ETLE LFUHF SN =5 FDR I8 £ %
[J]. Rk, 2013, 44(7): 67-72. (ED

BRAE, L x, % FDRHELEMA LENBENEN T (I KLAL
WFW, 2014, 45(1): 102-107. (ED)

R, DEN*, & ETEMREENT-TDREGAEMEFEHR . K
WAL F AR, 2014, 45(6): 144-147. (ED

YRR, B % U+ £ T GPRS W 4 1 £ 5 KA AR BB FF . & B RATAF A
2, (5):30-32,2011.

BXE, #EM T-TDR #RBREELE SCEMAMRE [J. RUNEFR,
2013, 44(11): 121-127. (ED)

HXE, WEMH. T-TDR ERELFHAGHENUSNESE ALEFRE [J. Kb
ML, 2013, 44(8): 106-111. (ED

WFEME, 2R, DL L# FDR KL FEN RN EHR X 8047
KHH R, 2014, (12):74-78.

g, skag, =E. 2011. £ T DSI8B20 tWiE E K& A4 T 5. KA
5. 33 (12): 161-164.

Qinyue Tan, Fuchang Lin, Shaorong Wang, Heqing Zhong, Gang Liu and Yu
Deng. An Improved Capacitor Charging Power Supply for a Power Conditioning
System[J]. |EEE Transactions on Dielectrics and Electrical Insulation. 2011, Vol.
18, Issue 4, pp. 1214-1220.

Qinyue Tan, Fuchang Lin, Shaorong Wang, Heging Zhong and Yu Deng. Study
on the Efficiency of Capacitor Charging Power Supply for Power Conditioning System.
Proceedings 2011 Asia-Pacific Power and Energy Engineering Conference (APPEEC
2011). 2011, pp. 1-4.

Qinyue Tan, Jinghui Xu, Lei Wang, Bin Wang, Duoduo Ba. Research into the
harmonic characteristics of Large Scale Pulsed Power System and its Influence on
Power Grid, Proceedings of Energy and Power Engineering, 2014, pp. 219-224.

-89-



73

4.

75.

76.

77.

78.

79.

80.

81.

. Qinyue Tan, Janhang Zhu, Shiying Wang, Sihang Cui, Le Liang. Topology
research of deexcitation system for large generator based on soft—switching technology.

Proceedings of IFEESD 2016, pp. 1065-1070.

Jiayan Liu, Qinyue Tan*, Qianru Zhao, Yu Gu. The research on Electromagnetic
Compatibility of the Autonomous Inspection Robot for Power Transmission Line.

Proceedings of IFEESD 2016, pp. 1091-1094.

Wang Bin, Cao Hongbo, Wang Yuzhu, Zhu Delan. Linear matrix inequality based
fuzzy synchronization for fractional order chaos[J]. Mathematical Problems in

Engineering, 2015, 128580. (SCI)

Wang Bin, Wang Yuzhu, Cao Hongbo, Zhu Delan. LMI based fuzzy control of
a wing doubled fractional-order chaos[J]. Journa of Control Science and

Engineering, 2015, 604257.

Wang Bin, Shi Ke, Zhang Cheng, Zhu Delan. Fuzzy Generalized Predictive Control
for Nonlinear Brushless Direct Current Motor. Journal of Computational and

Nonlinear Dynamics, 2016, 11(4), 041004 (SCl)

Wang Bin, Xue Jianyi, Wu Fengjiao, Zhu Delan. Stabilization conditions for fuzzy
control of uncertain fractional order non-linear systems with random disturbances[ J].

IET Control Theory and Applications, 2016, 10(6), 637-647. (SCI)

Wang Bin, Ding Junling, Wu Fengjiao, Zhu Delan. Robust finite-time control
of fractional—order nonlinear systems via frequency distributed model [J]. Nonlinear

Dynamics, 2016, 85(4), 2133-2142. (SCl)

Wang Le Fabrication of Large and High—Performance FeSe Bulk Superconductors
by a Simple Liquid - Solid Diffusion Method[J]. |IEEE Transactions on
Applied Superconductivity2015 25: 7400103

Wang Le. Caculation of the transport critical current density of c-axis textured

122 iron-based superconductors[J]. Physica C2013485: 149-153

-90-



JE R 225 T R R IR Y K

T

82. B¥EWK, MiEE, TV %E, FF, T+E. 2HikEA
EREWMR I, BEEE, 2015, 51 (4): 78-83.

83. REEAT, BEHK*, 4E%, BE, KER, £FE, AF. ETHRIFAHTAN
AB R EA KRR, B4R GEKP 5. 2014, 42 (24): 116-120

84. WA, EERK*, KREAT, KTE. XU E EM A E WAL E F W N
AR5, KA E5ZHATREF¥M. 2015, 13 (1): 98-103.

85. 4B #5, BEHK*, KEAT, RE, £5E, KER, AF. HEE&EEAE
KA R EEI, BhREMEP 5EF]. 2015, 43 (1): 45-49.

86. Exk, XA, LKAEA%E. £ TS512ANWET TABETFNEZGFARI. #
Ay 5 M F, 2013, 32(5): 78-81.

87. Bk, ZA, K. N HWLENEREZGZHEREREERP[I. WE
23R, 2013, 62(23): 230506. (SCI)

88. Tk, EMFE, ZRG, TF, £E2. FALI THERREWRE LRI XL
HEEL EmEad. iTENNE 56, 2014, 22(2): 393-396

89. ML F, Emk, X%, ET ZigBee WWH B EM B aME £ 4411 [J]. K
MALEF 5T, 2014, (9).

90. sk, Z1FEk, =, KEZ. KARIAT RSN Termina FEEF I, KA XK
B, 2015, 34(8): 103-111

9. FF. %EABELWHARHE[I. M 20136(44) : 766-771

92. 5k 7, L EX, &=V, (hwF, IRED, RMAE. KA KB 8 WM AR fn &%
FRLI. FERA AR A, 2012, 02: 116-120.

93. % T, L FEX, EH,RHFF. RABEIRIEENWT N7 EI. BARARHE
AEFFR(HAFFHIR) , 2012, 03: 220-228.

M%KT. MENSEREFHERAERME K[J. =4 EH LK
% ,2012,08: 48-53.

-91-



95. 5K, BE X, RwF, kA0, kKB WEE WAL AEN R R, K
Al 5 #Z 4 TAE ¥4, 2011, 01: 10-16.

96. KT, TEN,RHF, KB, KEEFEGINN BB FER R EE N RIFE P
| [J]. Bk AL, 2011, 02: 63-66+79.

N HKT, ZEXMEF, EXX. RABRKREEENRENMLAFTEL]. ER
A F A, 2014, 02: 75-80+97.

B.5%KT, HEF, XATHENMT AT ENENHFEINKRITI. FEEAH
%, 2013, 08: 21-23.

9. %7, HEF, ETLEARLMENEHRENKLZART(I. HEFHHFH
7%, 2013, 06: 80-82.

100. R#, KT, £, BRI RAA SR EE R RAEN]. FHeH
2015, 08: 705-710.

101. RRHE, W, Z=XF, d@F, X%, &£ T VB+Accesss # [ 8] g o0&
AT, AR, 2015, 37(3): 130-133.137 (B %)

102, E% L, RRAH* ARNET RGN ELE LT SEMES (I, ALK
A, 2015, 57(3): 203-206.209 (EX # x#Z HF|)

104. € AL, ZRS*. — K BEARSH Hopf 44 &#[J. HEHKAS a1k,
2015, 34(2): 6-10 (+ XA #H L)

105. ¥#&, RRAG*, =&, T, XmE, =4 £ T 51 £ANWEHRKRE
B al3E A2 kit (3], RALLHT 5, 2014, 36(10): 192-196.

106. %hxE%E, ZRAL*, HBOH, BE, T3, XH. —AHBBEREW ¥
AT R R, %EMNE R, 2014, 33(4): 67-70. ,

107. R A%, TITE, BEHE, MEE, [TRR. XHEEFEINKEBER K HE
BT[], ML TS A, 2013, 42 (12): 34-37.

108. R R+, ®EMF, TEH. —AMHAWBERAGALER SR tELE

-92-



A, 2013, (11): 38-42.

109. Fengjiao Wu, Guanjun Zhang*, Shigiang Wang, Hao Xu, Da Wang, Min Le.
Research on Condition Assessment Method of Intelligent Power Transformer[C].

ICEEI2011, Bandung, Indonesia July 17-19, 2011: 1-4. (El)

110. Feng-Jiao Wu, Guan-Jun Zhang*, Shi-Qiang Wang, Hao Xu, Da Wang, Min

Lei. Research on Condition Assessment Method of Intelligent Power Transformer[C].

ICEEI2011, Bandung, Indonesia July 17-19, 2011: 1-4. (El)

102. 35X )1, REA, SRS ETFRAERENL B EHHEE L LI R %)
Kl HL M % 4R, 2010, 41(7) : 181-185. DOI: 10. 3969/j. issn. 1000-1298. 2010.
07. 037.

103. ZECI|, 56, Row &%, -t 5 A 540 M X FOR E 220 [J]. HEAMN
W T & ¥ 4t ,2013,31(8):713-718. DOI: 10. 3969/j. issn. 1674-8530. 2013.
08. 012.

104. BRI, ZXN, TH . &R AL TR X & R R A SO /- A & B #
[J]. & Ak AL A % 4 , 2010, 41(10) : 148-151, 169. DOI : 10. 3969/j. issn. 1000-1298.
2010. 10. 031.

105. 3001, B #B AR, 86 X 4. 2T Android FHLBY 4o 5 B AR Bk TR E R 4
[J]. &b AL 2 4 , 2014, 45(1) : 275-280. DOI : 10. 6041/j. issn. 1000-1298. 2014.
01. 042.

106. F3)Il, R A#T 4, SR F & FRR LRI A ryH L (3] Kok T
4, 2007, 23(11) : 264-268. DOI : 10. 3321/j. issn: 1002-6819. 2007. 11. 049.

107. X, %, BARES. RAEY B R ESEN ). BACRMAR
BAFFM (BESKRBFI) ,2007,35(4):185-188, 191. DOI: 10. 3321/j. issn:
1671-9387. 2007. 04. 040.

108. Il R4 EARFREREENBHFEENERARARE AL KL TEF
iR , 2009, 25(2) : 308-312.



109. B 5%, 56501158 T s 45 0 B AN B 3 B 2 0 4 i 77 v (). Rk TR 2%
dit, 2013, (17) : 257-264. DOI: 10. 3969/j. issn. 1002-6819. 2013. 17. 033,

110. 35X, X ARE, AR ES. £ TRAFENED T FEeAXLTHANNII. K
WoHL Ak ¥ 4R, 2014, 45(10) : 288-293. DOI: 10. 6041/j. issn. 1000-1298. 2014.
10. 045.

111. 4%, X)), Br%E. ETHOMERSHEN S B AKTEEEFN T
o oW [ " od ok KB B K FE F R O(CE K B F
) 2014, 42(2) : 142-148. DOI: 10. 13207/j. cnki. jnwafu, 2014. 02. 053.

2. Z B X BF Ry KU BETETERAN R IT 5 LA, 5T H
# ,2015, (16) : 132. DOI: 10. 3969/]. issn. 1674-2508. 2015. 16. 107.

113. 24 F, A% 5, %k4%. 2T ZigBee WEEEHHEBHAT TR E W EiTt 5
I KA %, 2014, (1) : 95-98, 107. DOI : 10. 3969/j. issn. 1003-188X. 2014.

01. 024.

1A XTR, REF, 7 F4 —HETEHEREFLENRATZD]. ARRTH
A&, 2016, 39(18) : 1-3,8. DOI: 10. 16652/j. issn. 1004-373x. 2016. 18. 001.

115. % &, k8 B, k5% %. 2T MEMS R BEWEAINE R 5%, HHEALN
& 5454, 2015, 23(2) : 362-364. DOI : 10. 3969/j. issn. 1671-4598. 2015. 02. 008.

116. B8 0, kBB, KARF. ETHE L ARARWERLTF THFEEZHRII.
&AL TAE 541, 2015, (5) : 1390-1395. DOI: 10. 16208/j. issn1000-7024. 2015.
05. 052.

7. %K=k, REH, AEMHE. L2 AR E R SRAL I 52I [ #s
F# 5t HHL, 2014, (12) : 34-37.

118. FE R A, EH e, FB L%, B EFEYK T EREDNEFE KAE IR [J].
Kk T B ¥ 4] ,2014, (6): 256-262. DOI: 10. 3969/j. issn. 1002-6819. 2014.
06. 031.

9. &R A, HEE, BRI F. KT AR EEE BN &R H R[] KA

-94-



7%, 2012, 34(9) : 103-106. DOI: 10. 3969/j. issn. 1003-188X. 2012. 09. 024

120. A 2, Bk, R®%F. £ T LED M s K b & e Ah ¢ & % [J). R A AL
%,2012,34(1) : 99-103. DOI: 10. 3969/j. issn. 1003-188X. 2012. 01. 023.

121 W38, 2 KigHES. X T LABEREWE IR E LR RE R 5%t (3.
Kb T # % 4} 2014, (4):160-167. DOI: 10. 3969/]. issn. 1002-6819. 2014.

04. 020.

122. X 70, A%, R RS AT L XANBIE L AN & St [3). RALAH
%,2013, (12) : 174-177. DOI: 10. 3969/j. issn. 1003-188X. 2013. 12. 044

123. A%, AR, IS ETREFENFR YT AL ERRAREER I R
W TA %4, 2014, (17) : 220-227. DOI: 10. 3969/. issn. 1002-6819. 2014. 17. 028.

124. A G4, A REE AT RH#AAEBHLLINF R AT ERE EmELE[J].
Ko AL Ak 4, 2016, 47 (1) : 260-265. DOI': 10. 6041/j. issn. 1000-1298. 2016.
01. 035.

125. (R &, B & R %F%F. £ T CAN R4 A X Linux WHERE R 4[], +
KA A Al H L2014, (1) :28-31, 35. DOI: 10. 3969/j. issn. 1007-2284. 2014.
01. 007.

126. X T, AR, X E ARRELENBFESEZRARXI. L ITE
#4%, 2014, (9) : 76-83. DOI: 10. 3969/j. issn. 1002-6819. 2014. 09. 010.

127. B, EE, ST E =% £TH%E TR KE D /R KA H A I T &
R BAERMBEAFFR (BLABFR ,2013,41(5):213-218.

128. BlBefE, B2 k&%, £ T AD 7794 HiEZE CO2 wREXE L. RAILLH
%, 2014, (12) : 224-226. DOI: 10. 3969/j. issn. 1003-188X. 2014. 12. 055.

129. FlBRfE, B2 X, PR %, 2 TR BRI R 25K & & oot (3. RALLE
5%, 2014, (3) : 190-193, 198. DOI: 10. 3969/j. issn. 1003-188X. 2014. 03. 046.

130. ¥ 4k 7, B 2 30, 1R % PR A7 R £ A A2 A R AR 0 T2 4 BURAE 20 AT R T

-95-



[J]. VEBEHE A4, 2012, 31(3) : 59-62, 67.

BLKEEZ, BFL, HiEESE T ARM 8 B iF A AKX & & [ R AL
%, 2014, (1) : 148-151. DOI: 10. 3969/j. issn. 1003-188X. 2014. 01. 036

132. & #%, T # ¥, Sdly D Logsdon %. ¥ F 1+ 3% LF-UHF #7 B /- & 4F M & FDR i)
EMEF I, LKL AMF 7):67-72. DOI: 10. 6041/j. issn. 1000-1298. 2013. 07.
013.

133 A%, BN, FRE)NE AFELANEZEHNFRESEEEF R, EBHEAK
#3%, 2012, 31(3) : 107-110.

134. 848, B &, F R %S AT SWAT R # = KA IRBRERENI]. T AE
B, 2013, (4) : 22-25, 29,

135. WAk, B2, AR, BRER, /7 8. AT CUDA #9717 K-means & %k % 4 %)
HEaEm . R ALRF R, 2014, 11: 47-53+74.

136. EUNK,ERE,. FHFZ, 7F. ETEHERHERLWFERKE R4 7%
R AL A 4R, 2013, 10: 227-23

137. R, A RE,KEE, 7F. ETHrANGEERLDHRENTAESE 7 &7 % [J].
Lk LA 2 47, 2016, 03: 298-304.

138. 4%, £ F. ®%FHEFLAFTMARLRII. M, 2013, 06: 766-771

139. 238 ZFus ok, LED /K, ERK, Uhk HTAWHERSERER I
BB E I, KA ALW R, 2013, 02: 147-152

140. AR, =85, £ T R2ME/REEWARMET & 25kt d. HENMEA S
B 4%, 2013, 05: 101-103+107.

141, X%k, B2, ki, RF&. LEEMSAKENS R ETNER 5k X
Z[J]. AF=2t &, 2013, 04: 568-573

142. 0| 2%, A, TL%E. BEENKERRREERXEBTER K. 4+
PR A S F M (B A FF R0 , 2013, 08: 55-60.

-96-



143. BB 2K 8B LEH Z0RE. ETNEETEBHERFRNT SR LH L%
Kol T A2 % 3%, 2013, 21: 279-287.

144. Z TR, HRBE BN, £ETLENSB SRS T 5006 EE AT EITFN
[J. &l T4k, 2012,01: 100-105.

145. K HE, RILE, =%, NEE, BHRE, A% BARLAREFEERERA
ReGA W *1i%it[J]. &Kk T %4}, 2012, 03: 135-141

146. X T, ZEE, B2 . BHBEEAFEAEZEEZE AL, KLY F
., 2012, 01: 83-88+107.

147 AR, BEX KKk E, T7E. ETHRASZESVALERIHIEHL LIER
# B[], R AL R, 2012, 03: 51-56

148. 5KV #E , HHEE , A &, A E, &, H . W Rk 7 8 % For w8 ok R 4 [J].
L LA 3 4%, 2012, 03: 181-186.

149. T =M, %KW, T84, k. BNBRRTMREFBELASRNEREWAE
A[J]. R AL 4R, 2012, 05: 103-107.

150. AMKE, EA, AR, T4%. ETw#A CV EAMEYRHEEE % [J].
LV LA 3], 2012, 05: 157-161.

151, X4, B A5, kikE. TRALELERETEATREXANBEASLE
AR I, KAL), 2012, 05: 37-42.

152. 35I|, b, REH, =#E THA. T AVREFHLE R HE R %
BT [J]. R AL, 2012, 06: 183-187.

153. 15, =65, 44 F. PCA-SVM &= EHikt &4 £ MiEEE QSBR % + 8y
NALI. &S N R, 2012, 03: 355-359.

15457, F 65, A E. AT Web BBHLENFfGERIAFR. HE
M I 51%1t, 2012, 08: 3040-3046.

155. =M, KW, £H &, BJEA, F ol BMNERRCHRASBH-KFiE &

-97-



B E 5 AT [J]. Rk TAE 24, 2012, 22: 288-292

156. X P, H#EBE, TN, 1B NSHFEMEIERENT FHESHERENZH
[J]. R HLAE 4R, 2014, 01: 108-114

157, RASC%, KREM, B# X, REg. £F CFD W& 6 B & 5 41 # & K37 84 52w [J].
HEVENLM T A # 4, 2014, 03: 258-262+270.

168. BAN, TEE L F, RE, F08, B ETNEAE K EE M
AR B B (3], AR ALAR 5 4, 2014, 04: 89-95.

159. TH, =45, ETAKNENREREERERAZAGERNHR[I. RANAH
7%, 2014, 01: 48-50+55.

160. ZF B, =HE 2/0, HE, Z2H A ETHEDEKE SR ) HMM 8 Web 13
BEAmE[J]. i EAHTE 54T, 2014, 04: 1264-1268

161 I, Rt =, HFX, HRE. HRRELBEANSHEZAZRAALI. K
W T A2 %4, 2014, 09: 76-83,

162. 4, PRE g KRBE,4AH, T4, RERARNESHRALER W ARE
EAR AN, R T %4, 2014, 02: 252-2509.

163. WHHE o # B BAD R X EHE, XN ETLLAERENELWNEE
HIFEREE R kI, Rl TR ¥4, 2014, 04: 160-167

164. VD ZE  BKAG, 5KXR, i, AR ETHRAEBANEIMRREREEF &
[J]. Kok T ¥4%, 2014, 09: 168-175.

165. %A, Em#E, B N, KEE. BEEAETHUNSERLLGERESTE
¥wmEiT[J]. &+ TE¥W, 2014, 06: 1167-1172.

166. F/B, ZHE, BXE. BFEXREFEEFEEEANEZTHNII. ©IX
FEFR(TEMFH) , 2014, 03: 95-101.

167. Fp% 283 25, FF. £ T Nutch WR W EEH 25| &5 [J. HEAN
T 5#%1t, 2014, 06: 2239-2243.

-08-



168. XU, L, 5k, R, RREREEApHERETERARTI. LHERMSE
T AR ¥ %4 2014, 04: 698-704.

169. kG, 5k X BH. ZHIFE 2 4GHz LA GHEBEMBEE T £/, Kb
MK F 4, 2014, 09: 291-296.

170. HHE, AR, T8, A, Ra, REE,KEE. ETREEENERGE LA
1E AL A [J]. Rl T %4, 2014, 17: 220-227

e

171 REE, THRE, . EERBHFREEATHRAEN FEFARI. R
%4, 2014, 09: 72-78.

172. 52, ®BEE, S FX. —MHEHEERR NS EHNITEFE]. A x#
J& , 2015, 06: 801-810.

173. Z B4 AL, k8, A7, 5KEHE., ETEHERAWERFREIEES AKELR
f W Bosh 1A 13, Rk TR 4, 2016, 02: 266-272

174, 5K EHE, ZFF], I, NHKE, FEAKERBEIMATEREFAR[I. K
71 % ¥ %3], 2016, 02: 109-116.

175. EW, AR, BA, KB, K. EREORKTN/HA/EEGEERIER
Al 771, R ALK R, 2016, 04: 193-200.

176. Z=F A, ABAF, 5K EHE. F & EF R R R & - A 20 A [J].
KA ¥4, 2016, 04: 575-581.

177 Bk, k&, EUMK, FEHA. ETE bk EE RANERYE & IREEKT
FIRAI[J]. KA AL, 2016, 06: 222-227

178. X%k, AEE 5, A8 &, B2, I E4. ELRXREXRMEYMGEELELT
5% REMABMHRTI]. KM, 2016, 06: 163-170+162

179. G HE MR Bk, Ak, HHE AL ETFEA L ERET R TSN 4
%At [J]. KW T, 2016, 18: 255-262

180. xlf8, %, & MEE, Kk X, TL%. ETetENREAHTR L EH

-99-



G& % uEES . RV HLF R, 2013, 12: 180-186+139.

181. TF, 2% %, T, 8=, IH. ETHTHSHE RN L ¥ AL m T HBEITEE
= AR [J]. AL B A ¥ F 3, 2013, 10: 1390-1397.

182. REA, TA%E, NFE, ¥ Rim. ETHERMLEM SYM # QuickBird F 1% F R
#ELI. R AL FHHK, 2017, 03: 188-197

183. TKig#E , AR B AL, k2 &, Rfefe, THY, F%F. ETLELERWWIZHIT IR
Z @ EREZ ST, KA, 2017, 03: 325-331+360.

184. &85, B A ETEAERGHNEEEEMEELHRMNEND]. RELITEF
37,2017, S1: 362-366.

185. & KA WA, FER, L. E TN EERW ISE YR BN E AL TR &
AA R [J]. KAL), 2014, S1: 155-161.

186. B A,k AF, MBFE, M, TE, EAN. BEKXBEILE A KREHATE
Wit G B[], R AL R, 2015, 03: 1-8.

187. EFHSF, ok, RV, &, kB . B4 K-means 5 Neout F =0y L4 W &
BEREmoE5EEI. Kl TE¥H,2015,10: 227-234.

188. &= B2, 5k 18, 31 2, fb & 75 TKIGHE. R B XT3 R4 b b FEL 3 e i R
KanAw g [J]. R T ¥4, 2015, 14: 284-290.

189. 5k VG #E , M Z &, VAHE. BAM R EZLENENY G LEARETNER[I]. K
W ML 3R, 2015, 08: 259-263+307.

190. Rk, =M, TLE, £ KB 2N EFERGENRREF X, AZ
B F R A ¥ ¥4, 2015, 04: 1-7.

191 5k EHE, ZF A, kA, BENIR. TRAGSRBELEEZHRBRHARI. &
FA R 4R, 2015, 05: 840-846.

192, HE 5k, TR, L, TRE. HH#ATHENLERER NO - EEHRHY
T (FESO [ K TR FIR, 2015, S2: 230-236.

- 100 -



193. X gk, EEma, A5, BE, D2, I E4, kKikE BELIXEXMLELALH
BT RWAR]. NAERE TREA S, 2016, 06: 1087-1099.

194, XM F, FEa, 5, ZFX,KikSE, AL, n#TFEELXEXREREMN K
Z R E AR, KA, 2016, 12: 178-184+222

195. {8 & 4 | IMEBS, V 6 zquez-Arellano Manuel, 2714, 25 EAA. ETEZHE
B RS B sz R A 7k (). Rk TA ¥R, 2017, 02: 199-204.

196. J5kipid. BEFMIFETHE O HZHNER[J]. HENHE, 2014, 11: 29-32

197.5k &, BRIV AV AAFEHRRZBERERZ XTI AN
F, 2014, 22: 67-71.

198. B3, (4R, R, £ T GAP-RBF #4 W 4 8y JPEG % 55 B 4 7 & 1) [J].
/NEL AL E AL £ 4, 2013, 01: 185-188.

199. &%, RtEF, BE, WM. ETHRITFARALEL BN LENBEKE
o= a AR ey A g (3. VEBEHE K F 4, 2014, 06: 76-80

200. HE , &, TN, £ T ARM HERXKEF A L& EHLRLIT I, KAKL

7 53,2015, 07: 101-104

201. LB O Y B FH4E, 25, ET GIS 8y SWAT # A 22 |8 4k 48 & 0 2
[J. AR#E,2015,07:27-30.

202. B A, BE, B A, KITE, XEFH. KA/ AR B R E W2 E HKE
SR (I, RALLH R, 2013, 05: 228-231

2

203. =&, NE, ZFEX. WMAAVARET HERKEMEENHFHRMEII. KA
715 %4, 2013, 03: 434-438+480.

204. =W, B EX, EHRE, AE., ETHEMMEWE NS EEYEIEE N R
[J. AR#,2013,04: 66-68.

205. ORI, B EX, ¥4, NEM P RELHREEAKE A HETHEHZHR
[J]. & E&RAAF A, 2016, 03: 74-79

-101-



206. EWAK, B AEIE THERIE HE AW, TENHFILIRFOEANEEERS
T [J. LREHREHE %K, 2016,01: 125-128.

207. VPl XSO, B2 v 45, Adk. TEASTRERE—SHENTELT 2
R REMNE L ENFI. +IEHEH, 2016, 01: 42-46.

208. A ke, B ST, A IRIR, D2 X, 5Kk, ETEVEEWET O E A & JF #F 58 [J].
VEBEHE A 3], 2016, 02: 35-39.

209. AW, e, BN, £F EMD h W EZE NS ZARRERLEEHE £
B[], EBHEAK ¥R, 2016, 03: 61-67.

D10, B, ML, A4 B0, B3 3L, SWAT HEE 530 8 2k 7 v A Hh 8
Fr——DLRFE E MR A1), [ & A AR AR, 2016, 11: 76-81.

211 BRA, REM, BEFR, MITF, BEX,HEE HEERONE S 28 7k
R R, HE KA AR A, 2012, 02: 49-53+59.

212 BANLE, B2 3, WhRUE, T, A Il 2T /N R A A B R VE BB W B
A&t (3], B R A AR K, 2012, 02: 1-3.

213. T, G, BE#E, FE)|, HAL., BFASFREBPHE W LA H % [J].
AR, 2012, 04: 26-29.

214. HAAE, B, F R, . AFELNEZFHEKESHHEEH R, #E
BEHE K 4, 2012, 03: 107-110.

216, AR, EN HEN, 18, — M/ KEEEREXREGEMESITNER
[J]. & E R A ACF| A E, 2012, 08: 140-143.

216. GRA, BEN, HEE, ZHH, BER,HMITF. KAKABERMTELAR Sv
2 HE o [J]. EEH AW, 2012, 05: 56-59.

217. Rk, B, A E, k&, EXEBRXEAREYERGRXESR XTI, K
MACHE %, 2014, 04: 117-119+126.

218. Fhilg v, B, K&, ARts. REWMKRGRZR NI KA

-102 -



7%, 2014, 08: 67-69+73.

219. B K, Z#EX, ERH, L%, ZHE4E. £ T ADE &89 LSSVM % & & & 8] 7 7
e s A ). A EALR A 5 34, 2014, 01: 275-277+289.

220. = &, B EN ,NE. DB EXMBERMAB KRG TIEG L0 5B []].
JEFEHE K ¥ 4], 2014, 03: 12-16+67.

201, BB, L K&, (R E. ETADTTUNEZCO 2EFXREEI]. £l
AR 5, 2014, 12: 224-226

222. R tE, X, &, RgE. —HARKERENRANTT . RFHAR
/i, 2014, 05: 136-139.

223. L, ¥ B, HFEX. RELMNNIL LERRSFMEZHTAF I, AF KE
T %4, 2016, 06: 37-43.

224. FESG N, B 2 30, B k. AT RE B 48 3k e B R AL E R i [T). P EK
A AF| A H, 2017, 01: 152-155.

205, VARKE, HAN, M AMRSE. £ T A C-V EA YR E &2 [J]. KL
M 4, 2012, 43(5) : 157-161. DOI: 10. 6041/j. issn. 1000-1298. 2012. 05. 027

226. =B, Tk, T RBEE. ERAZEENFHESHEEEEZH NI, BEX
WA FFIR, 2012, 46(8) : 37-42

22T T R, W R, 1 & 5. @ [ A B R B R H 4 38 Ak 4 SE B E A R kR ().
Kb T & % 4] ,2012,28(7):78-85. DOI: 10. 3969/]. issn. 1002-6819. 2012
07. 014.

228. R, A, B S ETORELNEREREA RIS 27 %[
K ¥ T A& ¥ ) ,2012,28(22):174-180. DOI: 10. 3969/]. issn. 1002-68109.
2012. 22. 025.

229. ek, ARG, BR)ESE. £ T2 L EEHAER SYM B E X B jE 4 58 5] [J].
RHALFE 5, 2013, (8) : 30-34.

- 103 -



230. R H, 17 R 6, B #5%. Contourlet 4 % 4 K F= i B g &2 W8 07 % 3], Kok
T A #4%,2012,28(8) : 287-292. DOI : 10. 3969/j. issn. 1002-6819. 2012. 08. 046.

231 AR, R, E RS, L BEERH & E RSO0 B ERENZE 7 &I K
WAL #k ¥ 4, 2015,46(3) : 152-157. DOI: 10. 6041/j. issn. 1000-1298. 2015.
03. 021.

232. BE ,MRRE, kRS ATHAALEN SYM BEM o K48 % [, KA
e 7%, 2013, (5) : 12-15. DOI: 10. 3969/j. issn. 1003-188X. 2013. 05. 003.

233. AV E Bk, KSR F AT A A AN A MR ERAEEK A &[] Kok TE
¥, 2014, (9) : 168-175. DOI: 10. 3969/j. issn. 1002-6819. 2014. 09. 021,

234. RYLIE, FIARME. 2T HERBEMENT+ MR RATED REIEF
i, 2015, (5) : 181-187. DOI: 10. 3969/j. issn. 1002-6819. 2015. 05. 026.

235, KM, 7RG, ZWASE. TEABREH T RIEME K Contourlet 32 & 4 77 ik
[J]. & b T # 2 4% , 2014, (11) : 173-179. DOI : 10. 3969/j. issn. 1002-6819. 2014.
11. 022.

236. 1 K&, B /NT, T /1%, Kinect 3k BUE Y = £ B = 3B R £7¢ 5 % [J). KL AL
¥ 4%, 2016, 47 (1) : 331-336. DOI : 10. 6041/j. issn. 1000-1298. 2016. 01. 045.

237. BXCH A, # E % £ T Adaboost & & H B A pk R Al 77 ik (3], Kok
T 2 %4}, 2013, (23) : 140-146. DOI: 10. 3969/j. issn. 1002-6819. 2013. 23. 019.

238. K H, MR, —MERANEFRSERWEGL S AR HENTESE
/i, 2014, (1) : 180-184. DOI: 10. 3778/j. issn. 1002-8331. 1203-0106.

230. /B, FHE, RITE%. £ T Snake A 54 s MW N RESEER B 7
E[J]. R T %4 2015, (1) : 196-203. DOI: 10. 3969/]. issn. 1002-6819. 2015.
01. 027.

240. AT, B, RAF B 5. 2T 08 40 B & AR ddr vk vy S R B AT R 48 8 = L 77 % [J).
Kok T & ¥ 4 ,2015, (5) :167-174. DOI: 10. 3969/j. issn. 1002-6819. 2015.
05. 024.

-104 -



241 IRV, BRI %, EAAF. ETARLAEELWERLTERAZ £ Az .
Kb T B # 4] ,2014, (24) : 168-176. DOI: 10. 3969/]. issn. 1002-6819. 2014.
24. 020.

242. FZA, MAE. W& FHESF RER XA A A (I KA
%, 2013,35(9) : 20-23. DOI: 10. 3969/. issn. 1003-188X. 2013. 09. 005.

243 AR, M A BRYEF. HEFTR LT WG L R 5T AR MR * R
[J]. Rk AL 2 4, 2016, 47 (5) : 231-244. DOI : 10. 6041/]. issn. 1000-1298. 2016.
05. 032.

244, e I RE, TEWME. M B E R BERE ENAZETFNHARL]. 3T
FHH AL X &, 2016,26(6):65-68. DOI: 10. 3969/]. issn. 1673-629X. 20186.
06. 014.

245. B R, KM% 2T RFID 5§ WSN Il R4 5 2 5% [J. K
HLAL AR 5, 2012, 34(1) : 207-210. DOI : 10. 3969/j. issn. 1003-188X. 2012. 01. 050.

246. KK F, FIARRE, G % XWALE AR TAT A =6 830 [ KA
5%, 2012, 34(11) : 106-110. DOI: 10. 3969/j. issn. 1003-188X. 2012. 11. 026.

24T ARG, & L &, RIS, £ T I ATHY B2 20 £ AAT 4 IR A L), KA AL
dit, 2016, 47 (9) : 294-300. DOI: 10. 6041/j. issn. 1000-1298. 2016. 09. 040.

248. R ZWA, ARG A TR BEARAN BT FTEEEH RN TANTE SR
iT,2012, 33(11) : 4309-4313. DOI: 10. 3969/j. issn. 1000-7024. 2012. 11. 054.

249. iU (TR, — A B E I 2 B 4R S R9 B & T AR B R A AR (3] S AL L R A
%, 2013,30(6) : 1882-1884. DOI : 10. 3969/j. issn. 1001-3695. 2013. 06. 074.

250. WAk AR 2T RZRA e LB R 7 R0l HEANLT
#2,2012,38(19) : 210-213, 217. DOI: 10. 3969/j. issn. 1000-3428. 2012. 19. 054.

251 B, A, Ak A%. ¥RE R/ W/HLIE 4 ae 2 R A 7 % 3] R
WoHL w4t ,2016,47(4) : 193-200. DOI: 10. 6041/j. issn. 1000-1298. 2016
04. 026.

-105-



252K M, A AT EMGLANERTRIE G ELD FHEANGF
#,2012,29(9) : 320-323. DOI: 10. 3969/j. issn. 1006-9348. 2012. 09. 079.

253. T, A E, A 2% %. £ T Android T 68 E Rrtm ERBRA 2% ). i
4 4L T 5%, 2015, 36(9) : 2585-2590. DO : 10. 16208/j. issn1000-7024. 2015.
09. 051.

254, BHHE, FIA, RS ETHHA aBE AN ELATRERET EAEHEAE [T
Kok WL A % 4R L2016, 47 (1) : 260-265. DOI : 10. 6041/j. issn. 1000-1298. 2016.
01. 035.

255. Z KW, MAE. 2T WSN 8945 B X & & &S avat 7 [J]. RAL A
7, 2013, 35(9) : 112-115. DOI: 10. 3969/j. issn. 1003-188X. 2013. 09. 026.

256. ZAB R, T AR, RIS, T A iE RALF B9 RSB X 42 B % [J]. R R 3
A,2012,31(1) : 177-179. DOI : 10. 3969/j. issn. 1008-8725. 2012. 01. 081.

257. % W MG, T R M. A 4 % Kok B WA R L RO A
%,2012, 34(12) : 16-20. DOI : 10. 3969/j. issn. 1003-188X. 2012. 12. 004.

258. T A, RE. LA EHE LHMEF & KL ANRF
4, 2015, 46(1) : 127-132. DOI: 10. 6041/j. issn. 1000-1298. 2015. 01. 019.

259. FHY MR, EURE. ERTRE T RO HERFRRLFEL B RA 7 £ L.
KM W B &K, 2012,34(10) : 29-32. DOI: 10. 3969/j. issn. 1003-188X. 2012.
10. 006.

260. 718, 1T R 6. £ F S3C6410 w9 H B I M= R ey LI I T EN TR 5%
it, 2013, 34(6) : 1978-1982. DOI : 10. 3969/ issn. 1000-7024. 2013. 06. 015.

- 106 -



Article

Journal of Vibration and Control
2016, Vol. 22(7) 1855-1875

(© The Author(s) 2014

Reprints and permissions:
k/journalsPer ions.na
DOI: 10.1177/10775463 14545099
jve.sagepub.com

®SAGE

Nonlinear dynamic analysis and modeling
of fractional permanent magnet
synchronous motors
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Jianwei Zhu, Diyi Chen, Hua Zhao and Ruifang Ma

Abstract

This paper is a step forward to generalize the fundamentals of the relationship between fractional-order system modeling
and integer order system modeling. First, we establish a fractional-order mathematical modeling of permanent magnet
synchronous motor from the view of engineering applications. Obviously, the effect of fractional order is the key factor
for extra freedom, more flexibility and novelty. As a pioneering work, we analyze the effect of fractional order on the
bifurcation point, and give its basic law, which is a fundamental work to optimize the use of the previous integer-order
research results, and a bridge between fractional-order system and integer order system. Furthermore, we discuss the
beginning point and ending point of chaos and the size of the attractors with varying fractional-order; respectively. In
addition, nonlinear dynamics analyses of the presented fractional order system are also given. Finally, numerical simu-

lations are given which match the analytical discussion.

Keywords

Fractional system, mathematical modeling, nonlinear dynamics

I. Introduction

Permanent magnet synchronous motor (PMSM) is
widely used in high performance applications due to
high efficiency, high power density, small size, and
simple structure (Chang et al., 2011; Wei and Wang,
2013; Liu and Zhu, 2014; Ananthamoorthy and
Baskaran, 2013). However, for those cases where low
vibration, low acoustic noise, and high accurateness are
highly demanded, magnetically induced vibration is a
major concern (Shanmugasundram et al, 2013).
Consequently, most of the prior contributions are
major in new control methods with a good ability of
robustness, and not try to solve its essential problem-
basic mathematical model and vibration analysis (Choi
and Jung, 2012; Yu et al., 2013; Arumugam et al.,
2014). Because of this concern, it is essential to build
new models approaching the engineering application
and understand the excitation and vibration behaviors.

Fractional calculus dates back to more than four
centuries, however, great improvements in the study
of fractional calculus were made in the most recent
twenty years (Li et al., 2013), because fractional calcu-
lus depends on the history of the function, which is

more realistic and suitable for modeling, analyzing,
and synthesizing and for solving many problems in
basic natural sciences. Now, the fractional-order gener-
alization has been applied to nonlinear dynamics,
mathematics, physics, mechanics, control theory and
engineering, agriculture, electromagnetic (Bhalekar
et al., 2012; Chen et al., 2012, 2013, 2014; Jia et al.,
2013; Golmankhaneh et al.,, 2013; Ho et al.,, 2013;
Kayedi-Bardeh et al., 2012; Trandoust-pakchin et al.,
2013; Grahovac and Spasic, 2013; Lopes and
Machado, 2013; Romanovas et al., 2013; Jalloul
et al., 2013; Wu and Baleanu, 2014; Liu et al., 2014;
Zhang et al., 2014; Teng et al., 2014; Faieghi et al.,
2014a, 2014b; Wu et al., 2014). The challenges in realiz-
ing the fractional element prevail through research
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1 Introduction

Fractional calculus is an ancient but fresh concept, with more
than 300-year-old history, which is a generalization of ordinary
differentiation and integration to arbitrary order [1-3]. Unfortu-
nately, due to the lack of application backgrounds, it has got little
concern for a long time [4-6]. Nonetheless, with the development
of natural science and complex engineering applications, frac-
tional differential equation (FDE) theory and its applications start
to increasingly attract physicists’ and engineers’ attention and
have become one of the hottest topics [7-10]. It is worth mention-
ing that as many physical phenomena have memory and genetic
characteristics, they can be well described by the fractional differ-
ential systems than the integer-order systems which neglect the
characteristics [11,12]. Many systems are known to display
fractional-order dynamics, such as viscoelastic systems [13,14],
dielectric  polarization [15], electrode—electrolyte polarization
[16], electromagnetic waves [17], quantitative finance [18], con-
tinuum mechanics area [19-23], and quantum evolution of com-
plex systems [24]. More recently, a lot of chaotic behaviors have
been shown in the fractional-order systems [25-27]. At the same
time, controlling fractional-order systems has become one of the
most active fields, especially controlling nonlinear fractional-
order systems.

Stability analysis is one of the most fundamental and important
issues for controlled systems [28,29]. The published papers about
the stability theory of FDEs involve fractional-order linear time-
invariant systems [30-32], fractional-order linear time-delayed
systems [33], fractional-order nonlinear systems [34-38]. and
fractional-order neural networks [39]. The earliest discussion on
stability of FDEs which is that the stability problem of FDEs
comes down to the eigenvalue problem of system matrices can be
traced back to Matignon [40]. For fractional-order linear time-
invariant interval systems, the stability problems were discussed
in Refs. [41-44]. More specially, in Ref. [41], a stability criterion
based on the Lyapunov inequality was presented. The necessary
and sufficient conditions based on the linear matrix inequalities
methods with fractional order 0 < z < 1 were derived in Ref.
[42], and 1 < 2 < 2 in Refs. [43,44], respectively. In Ref. [45],
the stability of the perturbed fractional-order linear systems was
investigated in the general case. In Ref. [46]. the asymptotically
stabilization of fractional-order linear systems subject to input

Corresponding author.
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Stability of Nonlinear Fractional-
Order Time Varying Systems

This paper is concerned with the stability of nonlinear fractional-order time varying sys-
tems with Caputo derivative. By using Laplace transform, Mittag-Leffler function, and
the Gronwall inequality, the sufficient condition that ensures local stability of fractional-
order systems with fractional order o : 0 < o <[ and | < 2 < 2 is proposed, respec-
tively. Moreover, the condition of the stability of fractional-order systems with a
state-feedback controller is been put forward. Finally, a numerical example is presented
to show the validity and feastbility of the proposed method. [DOI: 10.1115/1.4031587]

Keywords: nonlinear fractional-order time varying systems, stability, Mittag-Leffler
function, Gronwall inequality, linear feedback control

saturation was investigated. In Ref. [47], both state- and output-
feedback stabilization controllers were designed for triangular
fractional-order linear time-invariant systems with fractional order
0<a<2

In terms of time-varying system, there always exist some uncer-
tainties in the model because of the parametrical variations. These
uncertainties make it difficult to analyze and control the system,
especially in fractional-order system. Till date, many researchers
have published a great number of papers about the stability of
fractional-order linear time-invariant systems, fractional-order lin-
car delayed systems, fractional nonlinear time-invariant system,
and fractional-order neural networks, But only a handful of
researches have been done in the stability of fractional-order time
varying system. To improve our knowledge, we will focus, of
course, on the fractional varying time systems.

As we all know, Lyapunov stability theory, finding a Lyapunov
function to verify the stability of a certain nonlinear system, is of
significance in analysis of nonlinear systems. Since the Lyapunov
approach is a sufficient condition, failure of finding an appropriate
Lyapunov function has nothing to do with the unstable system.
Coupling with that point, the Lyapunov theory was extended to
the fractional-order operators known as Mittag-Leffler [48].

The Gronwall-Bellman type inequalities are one of the most
prevalent and widely used inequalities methods, giving the spe-
cific bounds for unknown functions and offering the qualitative
and quantitative propertics of solutions of nonlinear differential
equations. The Gronwall-Bellman type nonlinear inequalities
have the capacity to effectively analyze various partial differential
equation, integral equation, and even FDE [49].

Motivated by the above discussions, the main purpose of this
paper is the stability issue of a class of nonlinear fractional-order
time varying systems, and the main contributions of this paper list
as follows. First, the time-varying uncertainty was discussed
for fractional-order nonlinear system. Second, by using
Gronwall-Bellman lemma, a stability condition for the fractional-
order time varying system is presented. Finally, numerical experi-
ments and theory analysis are mutual proving each other.

The rest of this paper is organized as follows. In Sec. 2, the
issue formulation and some preliminaries are presented. The main
results are derived in Sec. 3. The efficiency of the approach is
shown by an illustrative example in Sec. 4. Finally, conclusions
are drawn in Sec. 5.

2 Preliminaries

To better describe our model, we will review definitions of frac-
tional calculation and introduce some useful lemmas. There are

MAY 2016, Vol. 11 / 031007-1
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Fractional-Order Three-Dimensional
V x n Circuit Network

Kun Zhou, Diyi Chen, Xu Zhang, Rui Zhou, and Herbert Ho-Ching Iu

Abstract—This paper introduces new fundamentals of the
three-dimensional V' X n RLC circuit network in the frac-
tional-order domain. First, we derive the general formula of the
typical equivalent impedance of the circuit network in different
cases by using matrix transform method and the difference
equation model. Then, we systematically investigate the effects
of the five system parameters (inductance (L), capacitance (C),
the number of circuit units (n), and fractional orders a and )
on the impendence characteristics and the phase characteristics
of two different cases, Specifically, interesting phenomena and
laws are presented by the numerical simulations, Moreover, a
comparative analysis about the impendence characteristics and
the phase characteristics of the two cases for the fractional-order
three-dimensional circuit network is studied in detail. Finally, the
results of PSpice simulation are presented to validate the study.

Index Terms—Circuit networks, comparative analysis, frac-
tional-order circuit, impedance characteristics, phase character-
istics.

I, INTRODUCTION

INCE ANDRE Geim and Konstantin Novoselov won the
2010 Nobel Prize in Physics for their investigations of the
resistance networks of the grapheme, the existence of the planar
circuit networks in nature has been confirmed. At present, more
and more researchers have been paying attention to the circuit
networks [1]-[4]. However. few scientists have attempted to
broaden the scope of fundamentals and theorems from integer
order circuit networks into the fractional-order circuit networks
despite the fact that the fractional calculus is more appropriate
to solve some real problems in our daily life [5]-[9]. Recently,
the fractional-order generalization has been applied to nonlinear
dynamics [10], [11], mathematics [12]-[17], physics [18]-[20],
mechanics [21], [22], control theory and engineering [23]-[25],
agriculture [26], [27], and so on, which shows many advantages
of the fractional calculus, such as flexibility, freedom, and opti-
mization techniques.
Fractional calculus has dated back to more than four cen-
turies; however, great improvements in the study of fractional
calculus were made in the last 20 years [28], [29]. Especially,
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Westerlund [30] has determined the fractional orders with dif-
ferent electrolytes by experiments, and also pointed out that the
inductors are fractional-order in nature. Moreover, Tenreiro ef
al. have indicated that arbitrary fractional-order inductors could
be designed based on skin effect [31], [32]. In this case, circuit
designers are going to face new challenges on the new phenom-
enon, laws and applications of these components [33], [34]. Re-
cently, some researchers have been concentrating on the study
of fractional-order circuit theory [35]-[38]. However, few re-
searchers concentrate on the fractional-order three-dimensional
circuit networks [39], [40]. Moreover, there has been little re-
search on the impedance and phase characteristics of the three-
dimensional circuit network in the fractional-order sense with
different cases. Therefore, we focus on the electrical character-
istics of the fractional-order V x n RLC circuit network, which
may lay the groundwork for both the electric circuits and di-
electrics communities [41].

First, based on the above analysis, two general formulae of
the impedances for fractional order V x n RLC circuit net-
work are derived in two different cases, which are two typical
circuit structures. Second, from the point of view of the circuit,
the impedance and phase characteristics of the two different
cases are studied in detail. Specifically, the fractional calculus
describes better the physical phenomena, which is impossible
for the ordinary circuit network. Furthermore, the paper makes
a comparative study of the impedance and phase characteristics
of the two different cases, and some important conclusions are
acquired by numerical simulations.

This paper is organized as follows: Section II introduces the
basic definitions of the fractional-order capacitors and induc-
tors. Section I1I and Section IV derive the general formulae of
the equivalent impedances by the difference equation models.
In Section V, we analyze and compare the impedance charac-
teristics of two different kinds of impedance respectively. Fur-
thermore, the phase characteristics are analyzed in Section VI.
PSpice simulation is presented in Section VII. The last section
concludes the paper.

II. PRELIMINARIES AND PROBLEM FORMULATION

In this section, we will present the basic definitions of frac-
tional-order capacitors and inductors.

A. Basic Definition of Fractional Capacitor

There are three commonly used definitions for the general
fractional differentiation and integration, which are the Griin-
wald-Letnikov (GL), the Riemann-Liouville (RL) and Caputo's
definition. The GL definition is

I
(=1 ( 5 ) £t =4k}, (D
,;U (J) !

.1
an.f(t) = %l_)nlﬂ h_q

1549-8328 © 2015 IEEE. Personal use is permitted, but republication/redistribution requires [EEE permission.
See http://www.icee.org/publications_standards/publications/rights/index.html for more information.
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In this paper, we analyze the nonlinear dynamics of fractional order Duffing system. First, we
present the fractional order Duffing system and the numerical algorithm. Second, nonlinear
dynamic behaviors of Duffing system with a fixed fractional order is studied by using bifur-
cation diagrams, phase portraits, Poincare maps and time domain waveforms. The fractional
order Duffing system shows some interesting dynamical behaviors. Third, a series of Duff-

Keywords:
Fractional order system ing systems with different fractional orders are analyzed by using bifurcation diagrams. The
Duffing system impacts of fractional orders on the tendency of dynamical motion, the periodic windows in

Nonlinear dynamics chaos, the bifurcation points and the distance between the first and the last bifurcation points
are respectively studied, in which some basic laws are discovered and summarized. This paper
reflects that the integer order system and the fractional order one have close relationship and

an integer order system is a special case of fractional order ones.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Fractional calculus was proposed about three hundred
years ago. It has attracted many investigators [1-2]. Many
famous fractional order systems, such as Rossler system,
Lorenz system, Chua’s circuit, Duffing system and so on,
have been studied [3-9]. In view of the fact that frac-
tional calculus provides another good way to describe, pre-
dict and control physical systems accurately, it has been
applied to control system, physics and system modeling
[10-14].

Duffing system has been applied in many fields, for ex-
ample, fluid flow induced vibration, large amplitude oscilla-
tion of centrifugal governor systems and mathematical mod-
eling and so on [15-17]. Perturbation methods and harmonic
balance methods are used to study Duffing system [18,19].
Fractional order Duffing system has been studied recently
[20-22]. Some researchers studied fractional damped Duff-
ing systems and found some new dynamic behaviors

* Corresponding author. Tel.: +86 18161980277.
E-mail address: diyichen@nwsuaf.edu.cn (D. Chen).

http://dx.doi.org/10.1016/j.chaos.2015.09.012
0960-0779/© 2015 Elsevier Ltd. All rights reserved.

[23-26]. However, only few fractional orders are an-
alyzed and the basic laws haven't been summarized
systematically.

Motivated by the above discussions, there are three novel
points in this paper, compared to the prior work. First, some
interesting dynamic behaviors as for example that the width
of period-three window is narrower than the period-five
window occur in the fractional order Duffing system. Sec-
ond, we innovatively study how the tendency of dynamic
motion varies with fractional order, how periodic windows
in chaos vary with fractional order, how the location of bi-
furcation points varies with fractional order and how the dis-
tance between the first bifurcation point and the last bifurca-
tion point varies with fractional order. Third, when fractional
order varies, the value of excitation frequency where the bi-
furcation occurs has minimum and the distance between the
first bifurcation point and the last bifurcation point has min-
imum. This is an important discovery.

This paper is organized as follows: Section 2 presents
the fractional order Duffing system. In Section 3, the non-
linear dynamic behaviors of fractional order Duffing sys-
tem are studied in detail and Section 4 concludes this

paper.
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This paper is a step forward to generalize the fundamentals of the conventional control-
lability in fractional-order complex networks. First, we discuss the existence of control-
lability theory of fractional-order complex networks. Furthermore, we propose stringent
mathematical expression and controllable proof of fractional complex networks. Finally,
three typical examples from the simplest network, the chain fractional-order network, to
the Small-World network are presented to validate the correctness of the above theorem.

Keywords: Controllability; complex networks; fractional-order systems.

1. Introduction

As we all known, the influence of various complex and dynamical networks is cur-
rently pervading all kinds of sciences and technology, ranging from physical to
engineering, even to social sciences.!”7 On the other hand, one of the most chal-
lenging problems in modern network science and engineering is controlling complex
networks, although great effort has been devoted to understanding the dynamical
processes.® 14

Controllability is one of the inherent problem in mathematical control theory,
for that the ultimate proof of our understanding of nature or engineering is reflected
in our ability to control them.'® According to control theory, a dynamical system
is controllable if, with a suitable choice of inputs, it can be driven from any initial
state to any desired final state within finite time. It should be mentioned that
the theory of controllability for fractional-order dynamical systems is still in the
initial stage.l718 There are few works in controllability problems of fractional-
order complex networks.

1450211-1
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A CMAC-PID based on pitch angle
controller for direct drive permanent
magnet synchronous wind turbine

Diyi Chen, Peng Xu, Rui Zhou and Xiaoyi Ma

Abstract

The efficiency of wind power conversions systems can be greatly improved using an appropriate control algorithm.
This paper deals with a cerebellar model articulation controller coupling with a proportional-integral-derivative
controller for a direct drive permanent magnet synchronous wind turbine generator. First, the aerodynamic character-
istics of the wind turbine have been studied in detail. Moreover, the transfer function from pitch angle to the speed of the
wind turbine is established. Finally, some tests on the proposed method are carried out including random wind speed
using numerical simulation. From these tests, several operating conditions are simulated, and satisfactory results are

obtained.

Keywords

CMAC-PID controller; neural control, wind power, wind turbine

l. Introduction

For economic, technical and environmental reasons,
wind energy now plays a vital role in the world’s
energy generation (Zhang et al., 2014a). Most of the
major wind turbine manufacturers are developing new
megawatt scale wind turbines based on variable-speed
technology with pitch control using permanent magnet
synchronous generators (Yaramasu et al., 2014). At the
same time, the goals for turbine operation change from
the control of generator torque for maximum power
tracking to those of regulating power at rated levels
with mitigating fatigue loading on the turbine structure
(Akel et al., 2014). It is well known that one of the main
tasks of the controller is to carry the turbine rotor speed
into the desired optimum speed, in spite of nonlinear
system uncertainties. Different control algorithms have
been studied and applied to wind energy conversion
systems (Li and Narita, 2014; Mohammadi et al,
2014; Jiang et al., 2014; Jeong et al., 2014; Vermillion
et al., 2014; Zhang et al., 2014b). Because of its simple
structure and easy implementation, proportional-
integral-derivative (PID) controllers are still widely
applied in industrial applications. It is, however, diffi-
cult to adjust the parameters of PID controllers to fit
different controlled plants. For wind turbines in

particular there are few considerations for the unstruc-
tured dynamics of the blades, the drive-train and the
tower, and the pitch angle is typically not considered in
design. Furthermore, the pitch actuator also has
restricted limits on pitch angle and pitch rate. All pre-
vious reasons motivate the need for a robust pitch con-
troller that provides an acceptable performance.

On the other hand, artificial intelligence techniques,
such as fuzzy logic, neural network, and genetic algo-
rithms, have recently shown a lot of promise in the
application of wind turbines (Ganesh and Patnaik
2012; Chen 2013, 2014; Chen et al., 2013; Kuo et al.,
2013; Li et al., 2013; Liu et al., 2013; Mitchell
et al., 2013; Shanmugasundram et al., 2013; Wang
et al., 2014; Eski and Temurlenk, 2013;). For example,
Kasiri et al. (2012) proposed fuzzy rule extraction from
neural network using a genetic algorithm (FRENGA)

Department of Electrical Engineering, Northwest A&F University,
Shaanxi Yangling, China

Received: |17 April 2014; accepted: 28 May 2014

Corresponding author:

Diyi Chen, Department of Electrical Engineering, Northwest A&F
University, Shaanxi Yangling 712100, China.

Email: diyichen@nwsuaf.edu.cn

Downloaded from jvc sagepub.com at Curtin University Library on May 30, 2016

-113-



INTERNATIONAL JOURNAL OF CIRCUIT THEORY AND APPLICATIONS
Int. J. Circ. Theor. Appl. 2014; 42:407-424
Published online 1 October 2012 in Wiley Online Library (wileyonlinelibrary.com). DOI: 10.1002/cta. 1860

Circuit implementation and model of a new multi-scroll
chaotic system

Diyi Chen, Zaitao Sun, Xiaoyi Ma*" and Lei Chen

Department of Electrical Engineering, Northwest A&F University, Shaanxi Yangling 712100, P. R. China

SUMMARY

In this paper, a multi-scroll chaotic system from the improved Chua’s system is proposed. Moreover, non-linear
dynamics are analyzed including phase-space trajectories, bifurcation diagrams, Poincaré maps and so on. The
most important thing is that we discovered phase-space trajectories, bifurcation diagrams and Poincaré maps are
unified and closely related, which can describe different aspects of the multi-scroll chaotic system. Furthermore,
the corresponding improved module-based circuits are designed for realizing two to four-scroll chaotic
attractors, and the experimental results are also obtained, which are consistent with the numerical simulations.
Copyright © 2012 John Wiley & Sons, Ltd.
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1. INTRODUCTION

Chaos, a very interesting phenomenon, has great potential in many real-world fields such as machine
system [1], mathematics [2], circuit [3], electronic system [4], biology [5], time series [6] and so on.

In essence, chaos circuit has been a subject of increasing interest during the past two decade years,
because of the applications of chaos in several areas and particularly in communication. In addition, it
has advanced significantly due to the pioneering contributions made by many authors [7-12]. The
main research is to discover new chaos in circuits and to further study complex dynamics of chaos
in these circuits. For instance, a new three-dimensional autonomous chaotic system, a variant of
Lorenz, Chen and Lii, is presented by Li and his co-workers [13], and the dynamical behaviors of
this system are further investigated in some detail, its oscillator circuit was designed by EWB
software. Qi et al. [14] propose a new complex four-dimensional (4D) continuous autonomous
chaotic system, which displays two coexisting symmetric double-wing chaotic attractors
simultaneously, and several circuits were built of the new system. Dong and his cooperators [15]
present a new three-dimensional autonomous system with four quadratic terms, and it can generate
many different single chaotic attractors and double coexisting chaotic attractors over a large rang of
parameters. Moreover, its circuit was also given. A new class of chaotic electrical circuit using only
resistors, capacitors, diodes and inverting operational amplifiers is described by Sprott [16]. Cam
[17] proposes a new CFOA-based realization of mixed-mode chaotic circuit, which has both
autonomous and non-autonomous chaotic dynamics. Chen and his helpmates [18] present an
electrical circuit for realizing the multi-state intermittency generated by a simple force-driven
chaotic system. Koliopanos et al. [19] study the chaotic dynamics of a fourth-order autonomous

*Correspondence to: Xiaoyi Ma, Department of Electrical Engineering, Northwest A&F University, Shaanxi Yangling
712100, P. R. China.
"E-mail: diyichen@nwsuaf.edu.cn; ieee307@163.com
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Terminal sliding mode control of hydro-turbine governing system

WANG Bin, LI Zhengyong, LI Fei, ZHU Delan
(College of Water Resources and Architectural Engineering, Northwest A &F University, Yangling 712100)

Abstract: The unstable operation of hydro-turbine governing system will destroy the security and stability of
the power units, considering the contradiction between the increasing requirement and controlling difficulty, the
study focuses on the hydro-turbine governing system. Firstly, using modular modeling method, the whole
nonlinear model of hydro-turbine governing system is proposed, and the system state is unstable. Then, based on
Lyapunov stability theorem and finite time control theory, a terminal sliding mode control method which
overcomes the singularity of traditional terminal sliding surface is proposed to eliminate the unstable vibration of
the system, and the system is controlled to steady operation. Finally, Matlab simulations are presented to confirm
the effectiveness and speedability. It also provides a reference for stability control of actual hydropower units.

Key words: water resources and hydropower engineering; hydro-turbine governing system; modeling; Terminal
sliding mode; finite-time control
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Chaos of Magneto - Elastic System under Bounded Disturbance
and its Sliding Mode Control

Wang Bin, Wang Lei, Zhu Delan
( College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling 712100, China)

. f . &
Zhang Jianwei, Wu Fengjiao,

Abstract: In order to study the nonlinear dynamics behavior of the magneto - elastic system, the chaotic complex dynamic characteristics of the
four — dimensional nonlinear equations were analyzed, including the space trajectory, the Poincaré map and the Lyapunov exponents. These characteris—
tics enable us to know them deeply, and indicate that the system contains chaotic attractor. In order to eliminate the chaotic vibration, the state varia—
bles x, y. z and u could be controlled to any fixed point and any periodic orbit by means of sliding mode control method. The results show that using

sliding mode method can make the system track target orbit strictly and smoothly with short transition time, and its insensitivity to noise disturbance is

shown. It also provides a reference for relevant chaos control in other magneto — elastic systems.

Key words: magneto - elastic system: chaos analysis: chaos control; Lyapunov exponents
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We focus on the synchronization of a wide class of four-dimensional (4-D) chaotic systems. Firstly, based on the stability theory
in fractional-order calculus and sliding mode control, a new method is derived to make the synchronization of a wide class of
fractional-order chaotic systems, Furthermore, the method guarantees the synchronization between an integer-order system and
a fraction-order system and the synchronization between two fractional-order chaotic systems with different orders. Finally, three
examples are presented to illustrate the effectiveness of the proposed scheme and simulation results are given to demonstrate the

effectiveness of the proposed method.

1. Introduction

Chaos synchronization is the concept of closeness of the
frequencies between different periodic oscillations generated
by two chaotic systems, one of which is the master and
the other is the slave. Since the pioneering work of Pecora
and Carroll [1] who proposed a method to synchronize
two identical chaotic systems, chaos synchronization has
attracted a lot of attention in a variety of research fields over
the last two decades. This is because chaos synchronization
can be used in many areas such as physics, engineering, and
particularly in secure communication [2-5].

Many methods have been proposed to synchronize
chaotic systems including active control [6], back-stepping
control [7], linear feedback control [8], adaptive control
theory [9], sliding mode control [10, 11], and fuzzy con-
trol [12]. For example, Bhalekar and Daftardar-Gejji [13]
used active control for the problem of synchronization of
fractional-order Liu system with fractional-order Lorenz
system. Based on the idea of tracking control and stability
theory of fractional-order systems, Zhou and Ding [14]
designed a controller to synchronize the fractional-order
Lorenz chaotic system via fractional-order derivative. Zhang

and Yang [15] dealt with the lag synchronization of fractional-
order chaotic systems with uncertain parameters. Projective
synchronization of a class of fractional-order hyperchaotic
system with uncertain parameters was studied by Bai et al.
[16] as well, but the derivative orders of the state in response
system was the same with drive system. Chen et al. [17]
designed a sliding mode controller for a class of fractional-
order chaotic systems.

However, most of the above-mentioned work on chaos
synchronization has focused on fractional-order chaos and
integer-order systems, respectively. To the best of our knowl-
edge, there has been little information available about the
synchronization between chaotic fractional-order system and
integer-order system or chaotic systems with noncommensu-
rate chaotic orders.

Motivated by the above discussion, the synchronization
of a class of 4-D chaotic systems with nonidentical chaotic
orders has been reported. There are three advantages which
make our approach attractive. First, based on the thought of
sliding mode control and stability theorems in the fractional
calculus, a new active sliding mode is presented. Second, the
method is designed for a wide class of systems, which means
its universal applicability. Third, the method guarantees that
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‘This paper investigates a new wing doubled fractional-order chaos and its control. Firstly, a new fractional-order chaos is proposed,
replacing linear term x in the second equation by its absolute value; a new improved system is got, which can make the wing
of the original system doubled. Then, circuit diagram is presented for the proposed fractional-order chaos. Furthermore, based
on fractional-order stability theory and T-§ fuzzy model, a more practical stability condition for fuzzy control of the proposed
fractional-order chaos is given as s set of linear matrix inequality (LMTI) and the strict mathematical norms of LMI are presented.
Finally, numerical simulations are given to verify the effectiveness of the proposed theoretical results.

1. Introduction

Fractional calculus has the same history as integer calculus,
which has appeared 300 years ago. Nevertheless, it has not
been widely used in actual project until recent decades [1-4].
Recently, people find that many actual systems can be well
described with the help of fractional calculus, especially for
memory and hereditary properties of various materials and
processes [5-7]. For example, it can be better described with
fractional calculus of power system [8], memristor system [9],
physical system [10], chemical system [11], and so on.

It has been widely verified that chaos is universal in
integer-order chaos. For the advantages of fractional-order
chaotic systems in secure communication and signal process-
ing [12-14], many new fractional-order chaotic systems have
been proposed and analyzed. For example, Chen et al. pro-
posed a new fractional-order chaotic system and the circuit
synchronization of the system was implemented which was
very important in theory and practice [15]. Jia et al. studied
the chaotic features of the fractional-order Lorenz system
and the circuit implementation was presented [16]. A new
fractional-order hyperchaotic system based on the Lorenz
system was presented and the fractional Hopf bifurcation was
investigated in [17]. A new three-dimensional King Cobra
face shaped fractional-order chaotic system was designed and

the multiscale synchronization of two identical fractional-
order King Cobra chaotic systems was derived through
feedback control in [18]. In particular, since the potential
merits of fractional-order chaos in secure communication
and many other fields, fractional-order chaos control and
synchronization has become a hot topic.

Many studies indicated that integer-order chaos could be
well controlled. Recently, many scholars tried to investigate
the control methods for fractional-order chaotic systems.
Until now, some control strategies have been designed for
the control of fractional-order chaotic systems such as sliding
mode control [19], finite time control [20], and pinning
control [21], among many others. Fuzzy control is well known
as an effective control strategy, and it has attracted more
and more scholar’s attention. Linear matrix inequality (LMI),
as a very important and classic tool, has been widely used
in the fuzzy control and synchronization of integer-order
chaos. For example, in [22], by employing LMI method, a
new fuzzy controller based on T-S fuzzy model is designed for
chaos synchronization of two Rikitake generator systems, In
[23], a T-S fuzzy receding horizon H-infinity synchronization
(TSFRHHS) approach is proposed and a novel set of LMI
conditions are given. And the scheme is applied to synchro-
nize Lorenz meteorological chaos. In [24], a robust static
output feedback controller is derived in strict LMI terms
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Abstract

We study the simplified control for a novel class of four-dimensional (4-D) fractional-
order chaos in this paper. Firstly, a novel class of 4-D fractional-order chaos is
introduced, which can express many actual projects. Secondly, a new simplified
controller based on sliding mode theory which needs only one single control input is
designed for the control of the proposed class systems. Furthermore, the controller can
stabilize the systems with uncertainty and external disturbance. Finally, numerical
simulations including 4-D fractional-order hyperchaos, 4-D Lorenz-Stenflo chaos as a
special case and three-dimensional (3-D) simplified fractional-order Lorenz chaos as
another special case are employed to demonstrate the universality and effectiveness of the
sliding mode. The proposed scheme can be easily generalized to similar fractional-order
chaos.

Keywords: chaos control; fractional-order chaos; simplified sliding mode; uncertainty

1. Introduction

With the emergence of integer calculus, fractional calculus also appeared. However,
for a long time, fractional calculus has not attracted much attention because of the
difficulty for solving mathematical equations. In recent years, as the fast development of
computer processing, scholars paid more attention to the fractional calculus [1, 2]. And it
was found that, fractional calculus is more universal in actual project. Especially for
systems with memory and hereditary factors, fractional calculus could describe these
systems better such as electromagnetism [3], memristor [4], finance system [5], power
system [6].

Chaos has been widely studied for the great potential to secure communication and
signal processing. Many new integer-order chaos have been put forward, for instance,
Chen system [7], Lorenz-like chaos [8], a 4-D simplified Lorenz system [9], a new
hyperchaotic system [10]. By introducing fractional calculus to chaotic systems, people
have proposed a lot of fractional-order chaos, for example, fractional-order Chen chaos
[11], the complex T chaos [12], a new chaos without equilibrium points [13], the unified
system [14].

Chaotic vibration is harmful to many nonlinear actual projects. So how to eliminate
and control chaos become attractive. There already are many results for control or
synchronization of integer-order chaos [15-17]. However, as we all know, fractional-order
chaos has different controllability region with chaos of integer-order. So people have paid
much attention to fractional-order chaos control. For example, the controller design for a
fractional-order Lipschitz system is investigated in [18]. In [19], a fuzzy control scheme is
designed to stabilize a representative fractional-order financial chaotic system. In [20], a
sliding mode strategy is presented for adaptive control of a novel fractional-order chaos.
A new double-wing fractional-order chaos is proposed, then chaos control of the system is
completed by a novel sliding mode in [21]. In [22], control of a stochastic fractional-order
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Abstract

This paper investigates the chaos control problem for Lorenz-Stenflo chaotic system with
uncertain parameters. Based on the interval matrix theory, the Takagi-Sugeno(T-S)fuzzy
model is applied to the Lorenz-Stenflo chaotic system with uncertain parameters.Based on
theLyapunov stability theorem, the sufficient stabilitycondition for the Lorenz-Stenflo chaotic
system is presenied as a set of linear matrix inequality (LMI) forthe first time and the strict
mathematical norms of LMI are given. Then the controller feedback gain can be obtained by
solving a set of linear matrix inequality. Finally, simulation results for the Lorenz-Stenflo
chaotic system are provided to illusirate the effectiveness of the proposed scheme.

Keywords: Lorenz-Stenflo chaotic system; uncertain parameters; Takagi-Sugeno fuzzy
model; linear matrix inequality

1. Introduction

Chaos as a very interesting nonlinear phenomenon has been intensively investigated in
many fields of science and technology over the last decades, such as power system[1], secure
communication[2], biology[3], time series[4], robot[5], mathematics [6], and so on.
Therefore, chaos has attracted many researchers in all scientific fields[7].

As a research on chaos, Lorenz-Stenflo system has aroused increasing interests for many
researchers. For example, some nonlinear dynamical behaviorsof the Lorenz-Stenflo system
have also been investigated[8]. Yang et al. [9] investigated the symplecticsynchronization of
Lorenz-Stenflo System via adaptive control. Chen er al., [10] adopted single-variable
substitutioncontrol for global synchronization criteria for two Lorenz-Stenflo systems.

Nowadays, different techniques and methods have been proposed to achieve chaos control.
Chaos control has great significance in the application of chaos. Since chaos is very sensitive
to its initial condition, chaos control was once believed to be impossible. However, the OGY
method [11], developed in the 1990s, completely changed this situation. It has been an
attractive research area, and many researchers have made lots of significant contributions to
it. For example, based on the tracking control and the stabilitytheory of nonlinear fractional-
order systems,a new type of fractional-order chaotic synchronizationwhich has multidrive
systems and one response systemis presented by Zhou ef al., [12]. Gao et al.[13]proposed the
universal fuzzy model anduniversal fuzzy controller for stochastic non-affine
nonlinearsystems. Zhou et al., [14] achieved chaos synchronization for the fractional-order
Lorenz chaoticsystem via fractional-order derivative. Yang ef al., [15] proposed a control
method of chaos in Lorenz system, whereby a sliding surface is assigned such that a sliding
mode motion occurswhen the proposed control law is applied. Since then, the sliding mode
control for chaos has been a hot topic. For example, Wang es al., [16] investigated
synchronization of uncertain fractional-order chaotic systems withdisturbance via sliding
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Abstract In this paper, a fuzzy generalized predic-
tive control method for a class of nonlinear systems
is studied. Firstly, based on the Takagi-Sugeno fuzzy
model, a class of nonlinear systems and its fuzzy
predictive model are presented. Next, based on the
controlled autoregressive integrating moving average
model transformed by the Takagi—Sugeno fuzzy model
of the nonlinear systems, a novel fuzzy generalized pre-
dictive control method is proposed for the nonlinear
systems, which combines fuzzy techniques and gen-
eralized predictive control theory. Lastly, two typical
examples, the three-dimensional Lorenz nonlinear sys-
tem and the four-dimensional Chen nonlinear system,
are employed to verify the effectiveness and superior-
ity of the proposed scheme. It also provides a reference
for relevant control of nonlinear even chaotic systems.

Keywords Takagi—Sugeno fuzzy model -
Fuzzy generalized predictive control -
Nonlinear systems - Nonlinear predictive control

1 Introduction

Nonlinearity is universal in actual projects, and it has
been widely reported that many nonlinear systems
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in engineering practice may exhibit chaotic behavior
[1,2]. Nonlinear even chaotic vibration is harmful to
stable operation of the system. In recent years, non-
linear control has attracted increasing attention. Many
control methods for nonlinear systems have been pro-
posed, such as OGY method [3], sliding mode control
[4], finite time control [5], robust control [6].

Predictive control demands less on model preci-
sion and it has the features of prediction and optimiza-
tion, which make it different from conventional control
methods. It has become a hot topic and has recently
been used in renewable generation [7], unicycle robots
[8], physics [9] and chemistry [10]. Predictive control
for linear systems has been widely reported [11-14],
and there are also many results about generalized pre-
dictive control for linear systems [15—18]. Thus, many
research results at present show that predictive control
is good at linear systems. Nevertheless, nonlinear sys-
tem and linear system are in essence different, resulting
in the difficulty of predictive control for more general
nonlinear systems. For now, nonlinear predictive con-
trol, still in its infancy. is not as maturely developed as
its linear counterpart. Most of the existing reports are
for specific systems [19-23]. There are few reports on
predictive control for a class of nonlinear systems.

As is well know, the Takagi—Sugeno (T-S) fuzzy
model can approximate nonlinear systems universally.
The T=S fuzzy model is described by fuzzy IF-THEN
rules in which each rule locally represents a linear real-
ization of the system over a certain region of the state
space [24,25]. The overall nonlinear system is then an
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This paper describes the stabilization of a fractional-order nonlinear brushless DC motor
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(BLDCM ) with the Caputo derivative. Based on the Laplace transform, a Mittag-Leffier
function, Jordan decomposition, and Gréonwall's inequality, sufficient conditions are pro-
posed that ensure the local stabilization of a BLDCM as fractional-order o: 0 < o < I is
proposed. Then, numerical simulations are presented to show the feasibility and validity
of the designed method. The proposed scheme is simpler and easier to implement than

previous schemes. [DOI: 10.1115/1.4034997]

Keywords: fractional-order brushless DC motor, Gronwall's inequality, Mirag-Leffler
function, stabilization conditions

1 Introduction

Fractional calculus is an ancient but fresh concept with an
approximately 300-yr history; it is a generalization of ordinary
differentiation and integration to arbitrary order [1-5]. Unfortu-
nately, it received little attention in recent decades because it
lacked application backgrounds. However, fractional differential
equation theory and its applications have begun to increasingly
attract physicists’ and engineers’ attention and have become hot
topics with the development of natural science and complex engi-
neering applications [6-9]. It is worth mentioning that many phys-
ical phenomena have memory and genetic characteristics that can
be described by fractional differential systems better than by inte-
ger order systems [10,11]. Also, many systems are known to dis-
play fractional-order dynamics. such as viscoelastic systems [12],
dielectric polarization [13], subdiffusion and superdiffusion
(14,15], financial system [16], continuum mechanics [17], and
quantum evolution of complex systems [18], More recently, many
chaotic behaviors have been shown in fractional-order systems in
chaotic communications, authenticated encryption schemes, and
others [19-21]. So stability control of nenlinear fractional-order
systems has attracted increasing attention [22-25].

Brushless DC motors (BLDCMs) have many advantages over
brushed DC motors. The main advantage is the absence of physi-
cal contact between the brushes and commutators, leading to a
longer lifetime, higher reliability, and less noise [26]. As a result,
BLDCMs are used widely in industrial automation design, manu-
facturing engineering, heating, direct-drive ventilators, motion
control systems, and positioning and actuation systems [27].
Nevertheless, BLDCMs show undesirable nonlinear and even cha-
otic phenomena under certain conditions, which can disrupt the
stable operation of the motor and cause a collapse of the industrial
drive system. Therefore, it is important to study the stabilization
of chaotic BLDCMs [28-30].

Many researchers have dedicated themselves to finding new
ways to restrain this chaos. In Ref. [31], chaos synchronization in
BLDCMs was accomplished by using a backstepping technique.
In Ref. [32], based on the line-to-line back electromotive force, a
sensorless stabilization method for a high-speed BLDCM was pre-
sented. The stabilization of BLDCM drive systems based on Lya-
punov stability criteria was proposed in Ref. [33]. Clearly, most
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of the control schemes are focused on integer-order BLDCMs.
Well known, BLDCM is a complex nonlinear and time-variant
system, integer-order calculus is a typical algorithm with limited
nature, and not suitable to describe it. And according to the
history-dependent and memory character of BLDCMs, in this
paper, we try to establish fractional-order differential equations to
describe the dynamical behaviors of the BLDCM that is more in
line with actual project. It is well known that fractional-order sta-
bility is different from integer-order stability. To the best of our
knowledge, there are few relevant investigations of stabilization
for fractional-order BLDCMs, a challenge that is worth studying.

In this paper, we are concerned with the stabilization of a
fractional-order chaotic brushless DC motor with the Caputo
derivative. On the basis of the Laplace transform, a Mittag-Leffler
function, Jordan decomposition, and Gronwall’s inequality, we
propose several sufficient conditions to ensure the local stabiliza-
tion of a BLDCM as fractional-order o : 0 < 2 < 1. The numeri-
cal simulation result is found to verify the effectiveness and
feasibility of the proposed method,

2 Preliminaries

Derinrtion | [1]. The Caputo definition of fractional-order
derivative is defined as

x"(1)

1
r("——i’).[p.,mdt (n=1<a<n) (1)

oix(n) =

i

and the Riemann-Liouville fractional-order derivative is defined
by

RI.D:\.V‘(I)

Il 3
:ﬁ%J (r— T)"?j?l,\(r)dt. (n—1<a<n)

o

2)

where o is the fractional order and the gamma function I'(-) is
defined as I'(t) = [;* e 'dr.

Derntrion 2 [1]. The Laplace transform of the Caputo frac-
tional derivative is given as

n—1
C{CD:.\'(r)} = 5"X(s) — Zs"*"',\m(n,), (n—1<a<n) (3)
k=0

to

and the Laplace transform of the Riemann—Liowville fractional
derivative is given as
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Takagi-Sugeno fuzzy control for a wide
class of fractional-order chaotic systems
with uncertain parameters via linear
matrix inequality

Bin Wang, Jianyi Xue and Diyi Chen

Abstract

In this paper, the authors focus on the application of linear matrix inequality (LMI) in the stabilization of fractional-order
chaotic systems and the strict mathematical description and proof of LMI. Based on the theory of the fractional-order
interval system, the generalized Takagi-Sugeno fuzzy model is applied to a wide class of fractional-order chaotic systems
with uncertain parameters. The sufficient stability condition for the fractional-order systems is presented as a set of LMI
for the first time and the strict mathematical norms of LMI are given. Furthermore, a controller is developed to stabilize
fractional-order chaotic systems, and may be applied to fractional-order systems with uncertainty. Finally, two repre-
sentative examples of the three-dimensional fractional-order permanent magnet synchronous motor system and the
four-dimensional fractional-order hyperchaotic system based on Chen’s system are provided to demonstrate the effect-

iveness of theoretical analysis.

Keywords

Fractional-order system, linear matrix inequality (LMI), T-S fuzzy control, uncertain parameters

I. Introduction

Fractional calculus has a long history, some say as long
as integer calculus. In recent years it has been used in
physics and engineering (Li et al., 2010; Su et al. 2012;
Bolster et al. 2013; Maione, 2013). It was found that
with the help of fractional derivatives, systems in many
fields can be elegantly described such as the nonlinear
oscillation of earthquakes (Lopes et al., 2013), power
systems (Ma et al., 2012), diffusion waves (Povstenko,
2010), electromagnetism (Chang, 2013), mechanics
(Luo and Li, 2013), and so on.

Recently, fractional-order nonlinear dynamics have
become a hot topic. The nonlinearity is a necessary
condition for chaos. Numerous studies indicate that
integer-order chaos can be well controlled. However
chaos is sensitive to its initial values, so whether frac-
tional-order chaos can be controlled as the integer-
order chaos is worth studying. Since the pioneering
work of Ott, Grebogi and Yorke (1990), many control
techniques have been implemented in the control of
fractional-order chaotic systems. For example, sliding
mode control (Bayramoglu and Komurcugil, 2013),

fuzzy control method (Kruszewski et al., 2008; Fateh
and Fateh, 2012; Chen et al., 2013; Su et al., 2013),
adaptive adjustment mechanism (Agrawal and Das,
2013) and function projective synchronization (Yang
et al., 2012), among many others.

Fuzzy control is well-known as an effective robust
control strategy. Fuzzy control has also been applied to
stabilizing chaotic systems since the Takagi-Sugeno
(T-S) fuzzy model can express a chaotic system with a
small number of applications of rules (Vembarasan and
Balasubramaniam, 2013; Xie et al. 2013). Linear matrix
inequality (LMI), as a very important and classic tool,
has been widely used in the fuzzy control of
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This paper studies the application of frequency distributed model for finite time control of a fractional order nonlinear hydroturbine
governing system (HGS). Firstly, the mathematical model of HGS with external random disturbances is introduced. Secondly,
a novel terminal sliding surface is proposed and its stability to origin is proved based on the frequency distributed model and
Lyapunov stability theory. Furthermore, based on finite time stability and sliding mode control theory, a robust control law to ensure
the occurrence of the sliding motion in a finite time is designed for stabilization of the fractional order HGS. Finally, simulation
results show the effectiveness and robustness of the proposed scheme.

1. Introduction

Nowadays, fractional calculus has attracted numerous scien-
tific researchers’ attention in various fields. It has been widely
used in mechanics [1], electrical engineering, [2] and some
other fields [3, 4]. Since many practical models of engineering
applications could be better described by fractional order
calculus, like fractional order PMSM system [5, 6], chemical
processing systems [7], and wind turbine generators [8],
fractional calculus still has great potential especially for the
description of hereditary and memory attributes of numerous
processes and materials [9, 10].

The hydroturbine governing system plays a very impor-
tant role in a hydroelectric station, and its running conditions
directly affect the stable operation of hydroelectric stations
and electrical systems, which has arisen many researchers’
interests [11-13]. In recent years, many scholars try to estab-
lish the nonlinear model of HGS [14-16]. However, most
of the models are on the basis of integer order calculus.
As we all know, HGS is a highly coupling, nonlinear as
well as nonminimum phase system. For this reason, integer
calculus is not suitable for describing complex hydroturbine
governing system. According to the history-dependent and

memory character of hydraulic servo system, the fractional
order hydroturbine governing system that is more in line with
actual project is considered in this paper.

Many studies have indicated that the hydroturbine gov-
erning system exhibits nonlinear even chaotic vibration in
nonrated operating conditions [17, 18]. So it is very impor-
tant to design robust controller for suppressing nonlinear
even chaotic vibration of HGS. Recently, fractional order
nonlinear control has attracted increasing attention. Some
control methods have been presented for stability control of
fractional order nonlinear or chaotic systems, such as fuzzy
control method, sliding mode control, pinning control, and
predictive control [19-22]. It is clear that all of the above
schemes are focused on the asymptotical stability, which
needs infinite time theoretically in order to achieve the con-
trol objectives. From the perspective of optimizing the control
time, finite time stability theory based control methods
should be studied, which has good performance on improv-
ing the transition time, overshoot, and oscillation frequency
[23-25]. Until now, some finite time control techniques such
as terminal sliding mode (TSM) have been proposed [26-29].

Besides, as we all know, Lyapunov stability theorem is
often used in the analysis of integer order system stability.

-126-



IET Control Theory & Applications '
The Institution of

Research Article Engineering and Technology

ISSN 1751-8644

Received on 26th July 2015
Revised on 8th December 2015
Accepted on 25th December 2015
doi: 10.1049/fiet-cta.2015.0717
www.ietdl.org

Stabilization conditions for fuzzy control of
uncertain fractional order non-linear
systems with random disturbances

Bin Wang’, Jianyi Xue?, Fengjiao Wu', Delan Zhu' ™
"Department of Electrical Engineering, Northwest A&F University, Yangling 712100, Shaanxi, People’s Republic of China

28chool of Electrical Engineering, Xi'an Jiaotong University, Xi'an 710049, Shaanxi, People’s Republic of China
= E-mail: dizhu222@126.com

Abstract: A novel fractional order Takagi-Sugeno (T-S) fuzzy control method for a class of fractional order non-linear
systems is proposed in this study. On the basis of the fractional order interval theory, the generalised T-S fuzzy model for
a class of uncertain fractional order non-linear systems is presented. By using fractional order Lyapunov stability theorem,
the more relaxed and practical sufficient stability conditions which are presented as a new set of linear matrix inequalities
are put forward, which are guaranteed by rigorous mathematical derivation. The proposed control scheme is developed
for fractional order non-linear systems stabilisation in the presence of random disturbances. Typical instances including
the fractional order three-dimensional (3D) non-linear system and the fractional order 4D non-linear Lorenz hyperchaos
are implemented. Simulation results indicate the designed fractional order T-S fuzzy control scheme works well compared

with the existing method.

1 Introduction

Fractional order calculus could be dated back to three centuries
ago [1]. Since the concept of fractional order differentiation and
integration has been proposed for the first time, fractional order
calculus is just a mathematical tool for a long time [2-4]. How-
ever, during the recent decades, increasing numbers of scholars
have found that the fractional order calculus could offer an elegant
measure for the description of hereditary and memory attributes
of numerous processes and materials [5, 6]. For example, as for
the hydraulic servo system in hydro-turbine governing system, it
has significant historical reliance, which can be precisely described
by fractional order derivatives [7]. A lot of economics variables
have memory effects, which can be accurately described by frac-
tional order derivatives [8)]. Actually, many projects can be better
represented by fractional order derivatives such as dielectric polar-
isation [9], viscoelastic system [10], wind turbine generators [11].
chemical process [12] and so on.

Recently, fractional order calculus has attracted the interests of
many scientific researchers [13-15]. It is proved that numerous
fractional order non-linear systems show chaotic characters such
as permanent magnet synchronous motor (PMSM) fractional order
system [16], Chen fractional order system [17], Lorenz fractional
order system [ 18] and so on. Therefore, control and synchronisation
of fractional order non-linear systems have attracted more and more
attention. Until now, many control methods have been proposed
such as sliding mode control [19, 20], fuzzy control [21], pinning
control [22] and predictive control [23].

For fuzzy control method, Takagi and Sugeno have proposed a
control strategy which is named T-S fuzzy control [24]. The non-
linear model is expressed by fuzzy IF-THEN rules, and the certain
region of the system state is locally represented by the linearisation
description. The total system is then an aggregation of these local
linear system models [25]. Recently, the fuzzy method has been
deemed to be one of the effective control techniques, which has
attracted more and more researchers’ attention [26-29].

However, there are some shortcomings in the conventional T-S
fuzzy control strategy. First, this control method has been mostly
used in integer-order systems up to now [30]. As we all know,
the stability region is different between fractional and integer-order

IET Control Theory Appl., 20186, Vol. 10, Iss. 86, pp. 637-647
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systems. Some scholars have studied the applicability of fuzzy con-
trol to fractional order systems. However, it would cost long time
for the technique to stabilise fractional order systems. Besides, the
oscillation occurs more frequently before the states become stable.
Moreover, the conventional fuzzy control method has little ability
to resist external disturbances.

In addition, the parameters of many actual fractional order non-
linear systems are uncertain, which often change near a fixed
value. Uncertainties can be classified into two types including a
probabilistic one and a non-probabilistic one [31]. Regarding the
non-probabilistic one, the linear time invariant (LTI) interval theory
for fractional order system [32] could be applied to describe the
uncertain systems. For fractional order LTI interval systems, the
result on stability has been discussed by some scholars [33, 34].
Besides, random disturbances are widespread in practical physi-
cal processes. Take the fractional order non-linear hydro-turbine
governing system as example [7], random disturbances such as
load sudden increase or sudden reduction will seriously affect the
stable operation of hydraulic generator. A new set of sufficient
conditions for the approximate controllability of a class of frac-
tional neutral stochastic integro-differential inclusions with infinite
delay in Hilbert space is formulated in [35]. A convenient and uni-
versal residue calculus method is proposed to study the stochastic
response behaviours of an axially moving viscoelastic beam with
random noise excitations and fractional order constitutive relation-
ship [36]. The application of the generalised polynomial chaos to
random fractional order ordinary differential equations is studied
[37]. Considering the practical situation, the uncertainty and ran-
dom disturbances of the fractional order system are taken into
account in this paper.

Motivated by the discussion above, there are some advantages
of our research work. First, based on the .J function of frac-
tional order Lyapunov stability theorem and LTI interval theory,
a novel T-S fuzzy control technique is put forward, which can
be applied to a class of uncertain fractional order non-linear sys-
tems. Second, the more relaxed and practical sufficient stability
conditions are presented as a new set of linear matrix inequalities
(LMIs), which are guaranteed by rigorous mathematical deriva-
tion. Third, the controller designed has good performance which
can resist external random disturbances. Finally, simulation results

637

-127 -



Nonlinear Dyn (2016) 85:2133-2142
DOI 10.1007/s11071-016-2819-9

@ CrossMark

ORIGINAL PAPER

Robust finite-time control of fractional-order nonlinear
systems via frequency distributed model

Bin Wang - Junling Ding - Fengjiao Wu -
Delan Zhu

Received: 13 December 2015 / Accepted: 28 April 2016 / Published online: 10 May 2016

© Springer Science+Business Media Dordrecht 2016

Abstract This paper studies the application of fre-
quency distributed model for finite-time control of a
class of fractional-order nonlinear systems. Firstly, a
class of fractional-order nonlinear systems with model
uncertainties and external disturbances are introduced,
and a new frequency distributed model with theoreti-
cal inference is presented. Secondly, a novel fast termi-
nal sliding surface is proposed and its stability to ori-
gin is proved based on the frequency distributed model
and Lyapunov stability theory. Furthermore, based on
finite-time stability and sliding mode control theory,
a robust control law to ensure the occurrence of the
sliding motion in a finite time is designed for stabiliza-
tion of the fractional-order nonlinear systems. Finally,
two typical examples of three-dimensional nonlinear
fractional-order Lorenz system and four-dimensional
nonlinear fractional-order Chen system are employed
to demonstrate the validity of the proposed method.
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1 Introduction

Fractional-order calculus can date back to the emer-
gence of integer-order calculus. For many years, it has
not been used in actual project. Nevertheless, during
recent decades, fractional-order calculus has attracted
increasing attention in physics and engineering [1,2].
And it was found that many systems could be bet-
ter modeled and elegantly described with the help of
fractional-order calculus compared with integer-order
one, especially for memory and hereditary properties
of various materials and processes [3,4], for instance,
wind turbine generators [5], mechanical system [6],
chemical system [7], oscillation of earthquakes [8], and
SO On.

Nonlinearity is universal in actual project, and
nonlinear dynamics and stability control for integer-
order systems have been widely studied [9-14]. How-
ever, fractional-order nonlinear systems have differ-
ent stability regions with integer-order ones. Could
fractional-order nonlinear systems be well controlled?
It is worth studying. Recently, control and synchroniza-
tion of fractional-order nonlinear systems have become
a hot topic [15,16]. Many control methods have been
designed for the control of fractional-order nonlinear
systems such as sliding mode control [17], fuzzy con-
trol [ 18], pinning control [19], predictive control [20],
among many others.

As we all know, Lyapunov stability theorem is
often used in the analysis of integer-order system sta-
bility. However, it has not yet received satisfactory

@ Springer
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1 Introduction

Due to the application of transistor commutation circuit,
BLDCM eliminates the physical contact between brushes and
commutator, which own the advantages of high reliability, high
output power, high efficiency, and long service life [1,2]. And
BLDCM has been widely used in robotics [3], electrical car [4],
mechatronics [5], and other fields. However, BLDCM exhibits
nonlinear even chaotic vibration under some operating conditions.
Recently, nonlinear dynamics analysis and control of BLDCM
become a hot topic. At present, many results about nonlinear dy-
namics of BLDCM have been reported [6-8]. As we all know, the
traditional control methods for nonlinear systems are OGY control
by Ott, Grebogi, and Yorke [9], finite time control [10], adaptive
control [11], sliding mode control [12], and so on, There are also
some studies regarding the stability control of BLDCM system.
For example, in Ref. [13], by introducing an external nonlinear
term, anticontrol of nonlinear BLDCM system is proposed. In
Ref. [14], a linear feedback controller is designed to suppress the
nonlinear vibration and ensure the BLDCM globally exponen-
tially stable.

In recent years, due to the advancing and optimization advan-
tages, predictive control has attracted increasing attention
[15-18], which differs from conventional control methods in
essence. At present, applications of GPC to linear systems have
been widely reported [19-22]. However, BLDCM is a typical
nonlinear even chaotic system. Can GPC be applied to the nonlin-
car control of BLDCM? Relevant research results are quite few.
Well known, nonlinear systems can be approximated via
Takagi-Sugeno (T-S) fuzzy model universally. The nonlinear
model is expressed through IF-THEN rules, then the certain
region of the system state is locally represented by the lincariza-
tion description [23,24]. And a lot of work has been reported using
T-S fuzzy technique for nonlinear systems control and synchroni-
zation [25-28]. Is it possible to combining T-S fuzzy technique
with GPC scheme for nonlinear control of BLDCM? If applicable,
what are the predictive model, combined controller form, and
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ify the effectiveness and superiority of the proposed scheme. It also provides reference
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strict rigorous derivation? It is still an open problem, which is
challenging and worthy of study.

In light of the above analysis, there are several advantages
which make our study attractive. First, based on fuzzy lineariza-
tion theory, the fuzzy predictive model of BLDCM is presented.
Second, based on the CARMA model transformed by T-S fuzzy
model of BLDCM, a novel fuzzy GPC controller is designed for
nonlinear BLDCM system by combining fuzzy techniques and
GPC theory, and the detail mathematical derivation is given.
Finally, simulation comparison verifies the validity and superior-
ity of the proposed scheme.

Following is the organization of this paper. In Sec. 2, mathe-
matical model of BLDCM is presented. Section 3 presents the
fuzzy predictive model and fuzzy GPC design. In Sec. 4, simula-
tions are provided. Some conclusions end this paper in Sec. 5.

2 System Description

BLDCM is a typical mechatronic system, by using a single
time scale transformation and an affine transformation, its dimen-
sionless form can be expressed as [13]

dx;

T = Uy — X — X2x3 + pX3

dx; =

f =y — 0X3 + X1X3 N
dx

[T: = a'(,\'] - ,\';) +nxx =Ty

where p =50, v, =0, vy =0, 6 =0.875, = 0.26, T, =0, and
¢ = 5. Phase trajectory and time domain of BLDCM (1) are illus-
trated in Fig. 1 with initial value x;(0) =5, x2(0) = 60, and
x3(0) = 5. It is clear that the system exhibits nonlinear irregular
oscillations, which would affect the stable operation of BLDCM.
Therefore, it is necessary to design controller for suppressing non-
linear even chaotic vibration of BLDCM.

3 Designing of Fuzzy GPC

3.1 Fuzzy Predictive Model. The nonlinear system could be
represented by a linearization realization via a lot of T-S fuzzy
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A robust fuzzy control method for fractional order hydro-turbine governing system (FOHGS) in the
presence of random disturbances is investigated in this paper. Firstly, the mathematical model of FOHGS
is introduced, and based on Takagi-Sugeno (T-S) fuzzy rules, the generalized T-S fuzzy model of FOHGS is
presented. Secondly, based on fractional order Lyapunov stability theory, a novel T-S fuzzy control
method is designed for the stability control of FOHGS. Thirdly, the relatively loose sufficient stability
condition is acquired, which could be transformed into a group of linear matrix inequalities (LMIs) via
Schur complement as well as the strict mathematical derivation is given. Furthermore, the control
method could resist random disturbances, which shows the good robustness. Simulation results indicate
the designed fractional order T-S fuzzy control scheme works well compared with the existing method.

@ 2016 ISA. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Recently, due to the wide application in mechanics 1], elec-
trical engineering (2] and many other fields [3,4], fractional cal-
culus has attracted many scholars’ attention in various fields. Since
many actual projects of engineering applications could be ele-
gantly described by fractional order calculus, like fractional order
permanent magnet synchronous motor (PMSM) system |[5,6],
chemical processing systems [7] and wind turbine generators [8],
fractional calculus still has great potential especially for the
description of hereditary and memory attributes of numerous
processes and materials [9,10].

As more attention is paid to the sustainable generation of
power, hydropower plays an increasingly important role in the
world's energy strategy. Well known, hydro-turbine governing
system (HGS) is essential important in a hydroelectric station,
which running conditions would directly affect the stable opera-
tion of the hydropower station. So modeling, analysis and control
of HGS have arisen many researchers’ interests [11-13]. In recent
years, many scholars try to establish the nonlinear model of HGS
[14-16). However, most of the models are on the basis of integer
order calculus. As we all know, HGS is a highly coupling, nonlinear
as well as non-minimum phase system. For this reason, integer

* Corresponding author.
E-mail addresses: binwang@nwsuaf.edu.cn (B. Wang),
dlzhu222@126.com (D. Zhu).

http://dx.doi.org/10.1016/j.isatra.2016.06.014
0019-0578/= 2016 [SA. Published by Elsevier Ltd. All rights reserved.

calculus is not suitable for describing complex hydro-turbine
governing system. According to the history-dependent and
memory character of hydraulic servo system, the fractional order
hydro-turbine governing system (FOHGS) that is more in line with
actual project is considered in this paper.

Many studies have indicated that the hydro-turbine governing
system exhibits nonlinear even chaotic vibration in non-rated
operating conditions [17,18]. Besides, due to the randomness of
the load, the hydro-turbine governing system would be affected by
the random disturbance, which may also lead to the unstable
operation. So it is very important to design robust controller for
suppressing nonlinear even chaotic vibration of HGS.

Recently, fractional order nonlinear control has attracted
increasing attention. Some control methods have been presented
for stability control of fractional order nonlinear or chaotic sys-
tems, such as fuzzy control method, sliding mode control, pinning
control and predictive control [19-22]. For fuzzy control field, the
Takagi-Sugeno fuzzy control method is a classic control scheme
[23]. The nonlinear model is expressed by fuzzy IF-THEN rules, and
the certain region of the system state is locally represented by the
linearization description. The total system is then an integration of
these local linearization models. Recently, the fuzzy control
method that is deemed as one of the effective control techniques
has attracted more and more scholars’ attention [24-26], However,
the traditional T-S fuzzy control scheme is also facing some chal-
lenges. Firstly, the traditional T-S fuzzy control has been mostly
applied to integer order systems. Well known, the controllability
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This paper investigates the fuzzy predictive control for a class of

nonlinear system with constrains under the condition of noise.
Based on the fuzzy linearization theory, a class of nonlinear sys-
tems can be described by the Takagi-Sugeno (T-S) fuzzy model.
The T-S fuzzy model and predictive control are combined to stabi-
lize the proposed class of nonlinear system, and the detailed math-
emarical derivation is given. Moreover, the designed controller
has been optimized even if the system is constrained by outpur and
control input, or perturbed by external disturbances. Finally,
numerical stimulations including three-dimensional Lorenz system,
four-dimensional Chen system and five-dimensional nonlinear
system with external disturbances are presented to demonstrate
the universality and effectiveness of the proposed scheme. The
approach proposed in this paper is simple and easy to implement
and also provides reference for relevant nonlinear systems.

[DOL: 10.1115/1.4029783]
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1 Introduction

Predictive control has lower requirement of model accuracy
and it owns the advantages of advancing and optimization fea-
tures, which is in essence different with traditional control meth-
ods [1-4]. In recent years, it has been used in physics [5],
electrical [6], chemical [7], robot [8], energy-saving control [9],
and so on. Therefore, predictive control attracts many researchers
attention.

At present, there are many applications of linear predictive con-
trol algorithm [10-14]. Numerous studies indicate that linear sys-
tems can be well controlled by predictive control. Nevertheless, as
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is known to all, nonlinearity is universal in actual project, so pre-
dictive control of nonlinear system is more worthy to study. How-
ever, nonlinear system is in essence different with linear system,
which leads to difficulty for predictive control of nonlinear sys-
tem. So far, there are few literatures about nonlinear predictive
control and most of the study is for specific system [15-19].
Designing of predictive control for a class of nonlinear system are
quite few. Can linear predictive control methods be applied to
nonlinear system? If so, how to transform the nonlinear system
into linear systems and can the predictive control of linear system
be used for the transformed model? It is not given yet. Research
in this area should be challenging and interesting, which is obvi-
ously a bridge between nonlinear system and linear system.

As we all know, T-S fuzzy model can approximate nonlinear
systems universally. The T-S fuzzy model is described by fuzzy
IF-THEN rules in which each rule locally represents a linear real-
ization of the system over a certain region of the state space [20].
The overall system is then an aggregation of these local linear sys-
tem models. Therefore, fuzzy technology has been widely used in
nonlinear system. For example, Chen et al. have studied a class of
chaotic synchronization and antisynchronization with the applica-
tion of Takagi—Sugeno fuzzy model [21]. The discrete-time uncer-
tain nonlinear models are considered in a Takagi-Sugeno form
and their stabilization is studied through a nonquadratic Lyapunov
function by Kruszewski et al. [22]. Su et al. focus on analyzing a
new model transformation of discrete-time Takagi-Sugeno fuzzy
systems with time-varying delays and applying it to dynamic out-
put feedback controller design [23]. Chen et al. combine fuzzy
model with sliding mode for the synchronization between integer-
order chaotic systems and a class of fractional-order chaotic sys-
tem using the stability theory of fractional-order systems [24].
From the above analysis, we know that using Takagi-Sugeno
fuzzy model can convert nonlinear system into linear system. In
this case, can we combine fuzzy technology with linear predictive
control for the control of a class of nonlinear system? It is worthy
to further study.

Motivated by the above discussion, there are three advantages
of our approach, compared with prior works. First, a class of non-
linear system with constrains is presented, which is universal form
for actual project. Second, most of the existing nonlinear predic-
tive control methods are for specific systems, we combine the
T-S fuzzy method with predictive control theory and a new T-S
fuzzy predictive control scheme are presented for the proposed
class of nonlinear system, and the detailed mathematical deriva-
tion is given. Third, the designed controller has been optimized
even if the system is constrained by output and control
input, or perturbed by external disturbances. Finally, numerical
simulations including three-dimensional Lorenz system, four-
dimensional Chen system and five-dimensional nonlinear system
are presented to demonstrate the universality and effectiveness
of the proposed scheme.

The rest of the paper is organized as follows: In Sec. 2, the gen-
eral class of nonlinear system description with constrains and
external disturbances is given. In Sec. 3, based on the T-S fuzzy
model and model predictive control, fuzzy predictive controller
for the proposed system is presented. Numerical simulations are
given in Sec. 4, and conclusions and discussions are drawn in
Sec. 5.

2 General System Description
In this paper, a class of nonlinear system is described as

{,\‘- = Ax + f(x) + Byu(x) + Byd(x) .

y=0Cx
where x is the state variable, f(x) is the nonlinear term, and
Bd(x) is the disturbance term. B,u(x) and y are the control input
and output, respectively, while C is the constant matrix.
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This paper investigates fuzzy synchronization for fractional order chaos via linear matrix inequality. Based on g lized Takagi

Sugeno fuzzy model, one efficient stability condition for fractional order chaos synchronization or antisynchronization is given. The
fractional order stability condition is transformed into a set of linear matrix inequalities and the rigorous proof details are presented.
Furthermore, through fractional order linear time- invariant (LT1) interval theory, the approach is developed for fractional order
chaos synchronization regardless of the system with uncertain parameters. Three typical examples, including synchronization
between an integer order three-dimensional (3I)) chaos and a fractional order 3D chaos, anti-synchronization of two fractional
order hyperchaos, and the synchronization between an integer order 3D chacs and a fractional order 4D chaos, are employed to

verify the theoretical results.

1. Introduction

Fractional order calculus can date back to 300 years ago.
Nevertheless, application of fractional order calculus into
actual project has not attracted much attention until recent
decades [1-4]. It is widely recognized that many systems by
introducing fractional order calculus can be better modeled
compared with integer order calculus, especially for systems
with memory and hereditary factors [5-7]. Many actual
projects can be elegantly described with fractional calculus.
For example, power system [8], physical system [9], chemical
system [10], mechanical system [11], and so on.

As we all know, integer order chaos is universal in
practical systems. In recent years, there are also many
reports on new fractional order chaos, for example, a new
fractional order hyperchaos [12], fractional order Liu chaos
[13], fractional order unified chaos [14], and a new double
wing fractional order chaos [15]. In particular, because of the
application in secure communication and signal processing,
chaos synchronization has become a hot topic.

Numerous studies about integer order chaos synchro
nization have been presented [16-18], while fractional order

chaos synchronization in secure communication and signal
processing has more advantages than integer order chaos [19-
21]. However, could fractional order chaos be well synchro
nized? It is worth studying. Until now, many synchronous
strategies have been presented for the synchronization of
fractional order chaos such as pinning synchronization [22],
function projective synchronization [23], adaptive synchro
nization [24], and finite-time synchronization [25].

As we all know, fuzzy method is an effective and robust
control strategy, and it can process uncertain parameters
well. There is a lot of work reporled in fuzzy control and
synchronization of chaos. For example, in [26], a new con
troller is proposed via fuzzy logic for real-time substructuring
applications, and the effectiveness is proved by evalualing the
response of a framework fixed at one of the beam joints for EI-
Centro earthquake. [n [27], by introducing fuzzy techniques,
a command-filtered adaptive fuzzy neural network backslep
ping control law is presented to restrain chaotic oscillation of
marine power system. In [28], a fuzzy adaptive control law
is proposed for the projective synchronization of unknown
multivariable chaos. There also has been a wide application
of integer order chaos fuzzy synchronization based on linear
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Improvement of de-excitation system for large generators based on soft-switching technology

ZHU Jian-hang, TAN Qin-yue, ZOU Yun-tao, ZHAO Hua, ZHANG Jun-cheng. ZHU Bao-hui, ZHOU Lei
(Northwest A&F University, Yangling 712100, China)

Abstract: The damage of overvoltage and big arc caused by strongly pulling out the magnetic switch in the traditional process of
de-excitation makes the de-excitation problem of the large generator become an important research subject. The technology of power
electronics soft-switching provides a new way for the de-excitation of the large generator. In this paper, a de-excitation system and its
corresponding control cireuit is designed based on the excitation parameters of the Three Gorges Power Plant. And it proposes a new
way to build pressure nonlinear resistor in de-exeitation, namely "paralle]l charged, senes discharged”, which significantly reduces the
impact of voltage in de-excitation process, the de-excitation main switch is pulled off when the main circuit current reduces to zero,
The theoretical and simulation analysis prove that the time from the start of de-exeitation system to the start ime of the nonlinear
resistor is 0.07s. The de-excitation time is 0.4s, indicating that the de-exeitation system 1s fast, safe and reliable.

Key words: large generators; demagnetization; soft switching: "parallel charged, series discharged”; nonlinear resistor
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Microprocessor-based protection algorithm in UHV transmission lines with
series compensated capacitor
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(Northwest A & F University, Yangling 712100, China)

Abstract: In ultra high voltage transmission systemn, series compensated capacitor has many advantages such as enhancing the
transtission capacity and improving the stability of power system, But series compensated capacitor also generates many problems
in protective relaying of transmission lines. In this paper, according to the theoretical analysis of the distance protection and
zero-sequence direction protection affected by series capacitor, it is presented that a microprocessor-based protection algonithm based
on TCSC capacitor. The algorithm uses the operation parameters of TCSC, which considers the effect of the transient process of
series compensated capacitor and the state of capacitor operation to protection parameters setting. So it can aveid protective relaying
rejection or malfunction. At last the results of computer simulation confirm that this algorithm has high adaptability and reliability in
different TCSC operation, which can satisfy the basic requirements of protective relaying.

Key words: ultra high veoltage transmission line; thyistor countrolled series capacitor (TCSC); microprocessor-based protection;
algorithm
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Application Research of Nonlinear Excitation Control Applied in
Solving Constraints on Power Grid Qutput

ZHAO Hua'y TAN Qiryue', ZHU Jian-hang®, ZHU Bao-hui'
(1. College of Water Resources and Avrchitectural Engineering , Novthwest AGF University, Yangling , Shaanxt 712100, China;
2. College of Electrical and Electronic Engineering . Huazhong University of Science and Technology , Wuhan, Hubei 430074, China)

Abstract; A Fuzzy—PID excitation control method based on PID was presented here, in order to solve the
transmission congestion problems and system oscillation caused by wind power integration., At first, the

lllii'l.htﬂfl

ical model of synchronous generator excitation control system was built to simulate the single-in
finite system by MATLAB/Simulink module, And then the results of PID and FID+ PSS simulation were
compared, as well as the results of conventional PID and Fuzey— PID simulation under the condition of no
loading. The analysis indicates that the application of Fuzzy—PID excitation control has greatly improved
the problems caused by wind power integration, and the static and transient operation performance of the
system has been significantly enhanced, This satisfying result verifies that Fuzzy— PID control is accurate
and [easibile,

Keywords; non-linear: excitation: PID; PSS: Tuzzy control: Tuzey PID
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Nonlinear Dynamic Analysis and Fuzzy Control of Turbine Regulating System
CAO Yidan, WU Fengjiao

{ Department of Power and Electricalal Engineering, Northwest A&T University, Yangling 712100, China)

Abstract: Firstly. a nonlinear model of turbine regulating system is presented. The system adopt PID parameters as the

bifurcation parameter, using the direct algebraic eriteria about the Hopl bif i 15t to

lyze and simulate the
Hopf bifurcation behavior; and the selection principle of PID parameters is proposed. Secondly . aceording to the nonlinear
oscillation phenomenon of this system, a T8 luzzy model of the turbine regulating system is established at the Hopfl
bifurcation points and the fixed singular point. Meanwhile, the fuzzy controller was designed for its instability on the basis
of linear matrix inequality { LMI) , making the system transform from instable oscillation into stable operation. And its
validity is testified through numerical simulations.

Key words: turbine regulating system; nonlinear analysis; Hopf bifurcation; T - 8§ fuzzy control; lincar matrix in
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Dynamic analysis and circuit experiment of a new hyperchaos system

Xu Jiabao , Wu Fengjiao , Huang Xindi, Zhao Jia, Wang Kun, Song Rui
(Department of Electrical Engineering, Northwest A&F University , Yangling 712100, China}

Abstract: A new hyperchaos system was constructed. The space trajectory indicates that the system contains chaotic attractor.
The chaotic complex dynamic characteristics of the new hyperchaos system were analyzed, including the equilibrium point, the sym

metry, the dissipativity, the Lyapunov exponents and the Poincare map. These characteristics enable us to know the system deeply.

And then the hyperchaos circuit was built to verify the practical value of the hyperchaos system.

Key words . hyperchaos system ; dynamic analysis ; Lyapunov exponents ; circuit experiment
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The robust luzzy control for fractional-order hydroturbine regulating system is studied in this paper. First, the more practical
fractional-order hydroturbine regulating system with uncertain parameters and random disturbances is presented. Then, on the
basis of interval matrix theory and fractional-order stability theorem, a fuzzy control method is proposed for fractional-order
hydroturbine regulating system, and the stability condition is expressed as a group of linear matrix inequalities, Furthermore, the
proposed method has good robustness which can process external random disturbances and uncertain parameters. Finally, the
validity and superiority are proved by the numerical simulations.

1. Introduction

Due to the advantages of describing actual projects, especially
for the description of memory and hereditary properties
of numerous materials and processes [1, 2], fractional cal-
culus has attracted more and more peoples attention. It
has been verified that many practical systems could be
elegantly expressed with fractional calculus, such as power
system [3], permanent magnet synchronous motor system
[4], mechanical system [5], and chemical processing system
[6].

The hydroturbine regulating system is a core compo-
nent for safe and stable operation of hydropower station
system. For a long time up to now, the integer-order model
is usually adopted [7-9]. However, as we all know, the
hydroturbine regulating system is integration of hydraulic,
mechanical, and electrical parts. This complex composition
makes il a strong coupling, nonlinear, and nonminimum
phase system [10-12]. So the integer-order madel may not
be suitable for perfectly describing the hydroturbine regu
lating system. Besides, due to the memory characler and
history-dependence of hydraulic servo system, the more
practical fractional-order model is considered accordingly in

this study. Many studies have shown that the hydroturbine
regulating system may exhibit irregular nonlinear vibrations
when the system is under parameter variations and external
random disturbances [13-15]. Therefore, it is very important
to design nonlinear controller for the stable operation of
fractional-order hydroturbine regulating system. Until now,
some nonlinear control schemes have been proposed for
fractional-order systems, such as sliding mode control [16],
predictive control [17], adaptive control [18], and pinning
control [19]. However, few of the above-mentioned methods
consider the uncertainty and random disturbances.

Fuzzy control is a robust method, which can deal with
external disturbances [20-22]. Besides, with the help of
fuzzy linearization and linear matrix theory, the uncertain
parameters can be well processed [23-25]. There have been
many results applying fuzzy control to integer-order non
linear systems [26-29]. However, there is little literature
about fractional-order nonlinear fuzzy control and there is
almost no relevant result for fractional-order hydroturbine
regulating system.

According to the above analysis, some advantages are
shown in this study. Firstly, the fractional-order hydroturbine
regulating system with uncertain parameters and random
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The robust finite-time control for a Francis hydroturbine governing system is investigated in this paper. Firstly, the mathematical
madel of a Francis hydroturbine governing system is presented and the nonlinear vibration characteristics are analyzed. Then, on
the basis of finite-time control theory and terminal sliding mode scheme, a new robust finite-time terminal sliding mode contral
method is proposed for nonlinear vibration control of the hydroturbine governing system. Furthermore, the designed contraller has
good robustness which could resist external random disturbances. Numerical simulations are employed to verify the effectiveness
and superiority of the designed finite-time sliding mode control scheme. The approach proposed in this paper is simple and also

provides a reference for relevant hydropower systems,

1. Introduction

In the last two decades, the worlds total energy demand
has dramatically increased. Renewable energy has got more
and more attention [1]. Many countries take the hydropower
development in the first place. With the increase in
hydropower stations, the hydropower system security and
stability face more challenges [2-5]. As we know, hydro
turbine governing system (HGS) plays an important role in
maintaining the safety, stability, and economical operation
for hydropower plant. However, HGS is a nonlinear, time-
varying and nonminimum phase systems [6, 7]. The internal
uncertainty of the dynamics and variability of external envi
ronment disturbance increase the difficulty of HGS stability
analysis and control.

Scholars have made many important contributions on
the stability analysis of HGS [8-11]. Based on the above
theoretical results, stability control of HGS has become a hot
topic recently. Many control methods have been proposed
such as the classical PID control [12], sliding mode control
[13], intelligent control [14], and identification control [15-
17]. However, all of the mentioned control methods are
based on the stability theory of Lyapunov stability theorem
and asymplotic slability theory. The dynamic quality of

the transition process is little considered. From the view
of improving control quality and time optimization, finite-
time control technique could greatly improve the maximum
deviation and the transition time of the syslem and has better
robustness and anti-interference capability [18, 19].

Sliding mode control is an essentially nonlinear control
strategy with a fast response, good dynamic characteristics,
and insensitivity to external changes and many other attrac-
tive advantages [20, 21]. In the conventional sliding mode
control process, usually a linear sliding surface is selected.
When the system reaches the sliding mode, the tracking
error converges to zero, and the asymptotic convergence rate
could be regulated by selecting sliding surface parameters.
However, in any case, the tracking error will not converge to
zero within a finite time [22, 23]

That is, both finite-time control in improving the transi
tion process and sliding mode control in inhibiting external
disturbances have potential advantages. Researchers have
tried to combine these two techniques and proposed finite
time terminal sliding mode (TSM) method. But the conven-
tional TSM is often selected as s = x, + ﬁx',“rp . The form
of this sliding mode often causes the singularity problem
around the equilibrium. To address this problem, [24] pro-
poses an improved version of TSM, which is expressed as
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