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Abstract; The adaptive control scheme of a quadrotor Micro Aerial Vehicle (MAV) by using Interval
Type-1I Fuzzy Neural Network (IT_IIFNN) was proposed to improve the control accuracy that was
declined by the uncertainty, external disturbances,etc. Based on the quadrotor MAV dynamic model-
ing, an adaptive controller composing of two parts was designed by using the IT_IIFNN,in which the
IT_IIFNN was developed to approximate the uncertainty function and a robust compensator was pro-
posed to confront the approximate errors of IT_IIFNN and external disturbances in real-time. Moreo-

ver,the Lyapunor stability theory was taken to prove the stability of the closed-loop control system in
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the quadrotor MAV. Finally, the superiority of the adaptive controller was verified by a prototype of

the quadrotor MAV ,which is shown that the tracking error approximated is 107% under the interfer-

ence conditions of wind speed of 1.5 m/s. Experiments demonstrate that proposed control scheme can

offer perfect tracking accuracy, stability and robustness.
Key words: Interval Type-11 Fuzzy Neural Network (IT_IIFNN); quadrotor Micro Aerial Vehicle
(MAV); robust compensator; Lyapunov stability theory; stability; robustness

1 7

e

OB o 22 I 2 45 5 1 RSOR B 1R Ak PROR W R Y
FE DL R i 2 I 245 2 2] (19 6 7 T HL , BB 68 2 i AT
AR AEFIABA E L R G K AT X ROR o
284 AT R AT TR AT 2 R 58 LA Kty e
REFE M fn 5 . Wu S T — ik T 97 JR 428 1 ik b
M2 AEL HAH 217 ] 1 T 8l RO A 22
4% (GD-FNN) 2 ~] |3k K BE M1 4 T Takagi-
Sugeno-Kang BRI & 4t , 1% 5% ~] 5k 72 I IR i 3%
ARSI 38 2 ) A 4 R BT RSO KL
T, Gao A W 2 H iy 3 ™ S 2l 25 B4
Mz 2 it T AL T B H OIS N s gl 5 5
WU LS G 3% WA A ) O vk B BT 1 R
FEHIPERE . Wang WF5E Tk T ORI Pl 28 90 2% 14 7K
THLER A I R AR Oy vk R s
K AL N gh 2 i s, SCERES Jueit 1 4
TR A 2 9 45 K T BL AR N B 8 AR
52 HOR T T ORI ph 28 I 2% 7E 2 2 ] Bl g Y 3
BERY SR, I AT 118 3 26 73 A1 LA K By R 2 5 T
— IRl 2 N 4%, T IRASOR A 1 M R — A
RIS S B, S R R SR T R R (L E AT 5L R
oo 55— RIBORIE 8 R G L, —RIRIRI 2 B R
G5 A0 5 AR A RO AL DU, RSEOR A BEAIL , g i1 Ak B
o

AR SCHE T AIF ST (0 S Al L G D e 3 f 78
TRATER Y RIR Bh R AR e MR L L) B DU i 3 A
RURAT S 1 R S8 P AFTE AN E AP BT AR
PRI 2% 52 i 4 T A 8 194 T R, it s ) T X T) — AU AR
WA 22 W 2% (Interval type-II Fuzzy Neural Net-
work, TT_TTENN) ™"/ 75 2k i it U e 32 i Ak A7
i B eh A s T, T T A R D E 3R R R AT
o AR AR T LA 4R o AR o AR 8 1 R T R
PRk . A SCE SE A A 21 DX ] RSO b 2 ) 2%
BEAE S 27 2] 7 1 B R T K b R 45 45 4 1Y DY g

WM AT EE A E N ER SRS ET
Lyapunov Big X% 45 il F Gt 19 M 38 52 8 v i 17
G3MT s B e R AR SO B R O 5 A B DA
TMS320C32M* Sy i Ak FE &% 1) AT R0 R 4t o
AT, TS IE T 58 T X [H) — B AR b 25 ) 2% 1Y
JHE B8 R TR AT A% LA A 3 N A b .

2 R a A A A 2 W %

DX Th] 70 e 380 SR Ji R 80k — 2 e 307 SR s R KR

$ia st 2
P T

LWL

AL

PET IXfl) AR A e 2 ) 4 45 A ]

Kg. 1 Structure of interval type-2 fuzzy neural networks

A8 AN R H O B 5 b oA i 22 (DR R 35 AT AN T
H A Loy m JFIRR M 25 o 11— 250 307 SF S i
RN

—(x—m)?

24
DX i) - FRASER et 8 X 4 25 A B 2 i il
then R A LLR7R N

Ry:if  af is M{‘,and s 1\712/, then y; is
[k » wiy ] s (D
Horb, f=1.2, -, n ACRE o s 2 3 BIAR
IX 6] AR 2 0 % B A s ML M 43 AR 3%
B 8 DX TA) - BRUBER 4 5 [ iy » vty ]R8 SRR
PRI RO AR B I I L o D X ) A A
4R TP BRI Sl AR AL X 5 55— 2 A Z

A () =exp ,mE [ m,m] .




1336 e MR 55 20 %

RN =Ry T8 Y iR S = e =y 5B | U = N U =35 1 3 1 sptf  cdtd

B, J.(p)=10 cd —s¢ |, (3)
X LIT_IIFNN 2800 ia [E 3 oN 0, 0 s$/c0 cp/cO

1E3z F TT_TIFNN W 28 Ak i g % il 8 R AT 88 19 A
Dl s i M O s A S AR
IIFNN 9250 H Ry 2% > 5300k, By f = (17) ~
(19) Bl FH K HEAT FE LRI T

3 AT IT_IIFNN #) W ZHA &
AT % B & A4

3.1 HEERMECTRER
2 A TR A R R ALK AL R AR R A I

B2 DU SR AR AT A 1M A AR R T LI AL A R
Fig. 2 Coordinate systems of Quadrotor MAV

e 3 R AT e HOIRAS AT AR AR
n:[n—lr’ 'l]g]T;‘l]I :[‘Tv W) Z]T;nz :[4’9 0, ‘,b:IT;

v=[vi.w = [v.vv i =lw ww ]

(2)
b p AU BUME A0 b5 &R T DU i 32 8 TR AT AR Y
AL A b S BE A b s v AR R ALK A bR &R T U i
B RATAS AR A x, v, 20 850, ¢
I3 AR ABIE AL bR & T DU BRI AL AT fR L AL
BB BR BR B A AR AR R AR AR AR bR R
B A b3 8 1 e 40 R R 58 LN

h— ¢ )v@{hl}:[[‘]l(nl) 0 \} [VI}
e 1 0 Jz<nZ>J v,

cded  —sdedtcdslsd  sdsdtcdedsd
Ji(p)=|s¢ch  cdchptsgshsd  —cdsdtslsgsd
—s0 chs$ clcd

R, cCe)usCe ) tCe )AL E cos( « ), sin
Ce)stanC e ), S 52 BE 4% ) DU i 3 i 2 kAT
L A AR A AR R R M B 2 R SRR
T
M,(pn+Cy(vimpntg,(p=1,(1D , (4
HpfHm kR,
n=Jpvin=J(pvtijyp
RGNS LF .
M,(p=J "(pMJ '(np
C,(v, n)Z%M"(n) , (s
g.(=J "(pgl
o(p=J "(pr
Hrp M BAEXAZLITERE N 0. X ALITEAN HE
B 7S HEFE S My (1D 5 Cy(va D s gq (D T (D TR
Wit xsys 2 $5 0, ¢ 6 AR 1] HE 2 B IS 4R T
W dm et AR 3 DL B 4 A O ke o Oy R K (4 |
N AT S A R
3.2 EdIEEt
B ik DU e 3 R AT 2 W B is SR A A B
-
[[nlni.ni]l <ns.
Horb,my B A AR R F A R B 1 s R
LR A b 2R T (1 109 28 T s R ABLE AR bR R
TR s A IER . B RS S
BORNAR S, AN TG LT, IO 32 R /AT
w12 T RN N
n=—M, ' (p C,(vspn+M," (1, (1 —
M, (D g, (WAN+B,Lo,(p—g, (],
(6)
H,A=—M,"(nC,(vin; B,=M,;"' (1,
MEIERFESHZ I LA R T ER R,
M ik e mE N .
n= (A, + AN+ (B, +AB [ 1,( — g, (1 ]+
(C,+AO [+ f(p] ., )
Hrp,C,=—M, (9 ;AAAB, AC /3 HIL S %
FERE My (s Cy Cos 1 BRI S 86 58 P L R 1 458
il 25 35 H E R B — R A R A )
o REIS IR ER 4 WA RS ., O TR FIX
A HEFRE XREER 2 e() =n,,— n; W% 2 K%L



£ 6 3]

W) %, 55 . DU 3 Gl 28 KA g 1 DX T) — BRUBOR Bl 22 19 2% 18 3 7 4% 1) 1337

g ECH = e(t)+ pe () ; W% 2% pREUI S 5015 31 .
BE()=BAE(—1,(pn+H, €3
Ho R ARt R s H R
H=B,{AAn+ABt, () +(C,+AO [ 1,4+ f(n ]+
[N+ pe(D]}—BA, [N, +peC)] , €D
IO AT UL s H AN AR R 2P of £, 1 B AR
JE B A PR, BT HOAE SRR N 22 R AR M
(1, 7 LLIX B SR ] IT _IIFNN SE7EZAfiit H, B %
JEH IT_IIFNN A58 0 S5 5CPR 9 H A — 2 H)
TR, IR SR S HE M2 o R K 1T _TIFNN
Al TH 58 25 19 [ B 3 s A0 A T IR 0y B i 1k . R A
il AT LU
T, (6, =KE(D+H+ T, 10
JO7 5 A (8) 5 (10) T A ¥R 5l g 2R 25 07
BER/RWT .
B.E(D=(BA,—K)E(D+H+r, (1D
Horb GETIRE HFRIT .
H

A

=H— 1

H==[W'Y(x',m .6 ) —WY(x',m.6)]+e

2

12)

/Q"\Yx :Y(xl’rnX 90-X );?:Y(xlar;lv&)amu
XA A EE R,

ﬁ:%W* T?+%V~VT1?+8H, (13)

Hor W=W" —W; Y=Y —Y; N T REMETELE
B IT_TIFNN () /9 28 AAH . 7 5 68 6% of 5 b
T H, X B & BOR TT_IIFNN /Y %
B EATHE o 2 M A AL B DU T N A Lyapunov §°
JEFRS Y DL R TT R s

IYe |
~ [Yg dm 3 .
Y=|. |= [ em(m™ —m)+
LYy IY,
dm
Joe A
|,.6(6"—06)+ N, (14)
IYy
Ldo

Y=Y.m+Y!e
ForEX QO AR TR AD P55,
He W Y+ LWV Wi g —

SW Y —Yie)+

%WI‘(y’,{‘,;ﬁY;f&) T, (15)

Hor, T E R R E M, AT E U
T=1/2W" " (Yim" +Yle  +N)—
1/2WH(Yim™ +Yie™ )+ gy,
B LA AB R QD d L iR B R R
B Eh N1 I RRERIRA .

B,iE(H) = (BA,—K)E(D +%v~v’f (Y=Y —
Y}‘&>+%WI‘<Y;5;?1—Y}&>+T— ..

(16)

& 3 h3FET IT_IIFENN [ DY ER M AT 28

A 38 R ) 2R g R R, NIRRT LR L iz
P8 IT_TIFNN i@ 7 28 M & Mz ey o AL,

WAL o) /%xx
- h=) Al J\JO—-
l 0k
—“\FK- .

Wins | ;b»&
n-line parameters)

adaptive law

(I7)18)(19)

Adaptive lumped
uncertainty
estimation(21)

Robust
compensator(21)

B3 HF IT_IIFNN [ U e 38 i 7 C AT 2% H 35 W 4%
iR
Fig. 3 Principle scheme of adaptive control system of

quadrotor MAV based on IT_IIFNN

3.3 REMSH

FE R SR DO T R AR R AT g 4R R S8R
FEHIEC10)  IT_TIFNN M 45 Al %% i 78 26 A &
B2 S B (17) ~ (19) , LA Fe Al 34 v S o 2 1k
COMEEBAMERR (20 B4, 3+ IT_IIFNN [
DU JiE B R AT O A R G — R

Wetn (Y—Yim—YIOE®D . (A7)

m— . WY,ECD (18)
6= WYECD (19)
=T , 20
T(o=nE , (21)

UEH 6 R B &5 F o Tl e & ) 2,
FEH W, m, e, TR B @& R, W E X Lyapunov
PREC N



1338 b=

I TR

5 20 &

V. (ECD ,Vv,i,&,fu)):%Emwiﬁﬂv‘w
1

i”%+ﬁ$&+2¢mﬁ<t>, (22)
Horp R 2 TOD =T— T K (22) #
1722 5 3a 58, [ B 98 FH B 36 30 ) 22 7 8 (16) i
B2 2% (200 , W AT 7551

Vi=B.EDED — LW WA—m' mt+—e ot
m 7 7%
Lot
n

VL=E(t) {(B,IA,,fKe)E(t)+%VVT(§?fYIﬁ1f

VIE) + W (Vim - Yie) ) — W Wit
1
L ~p » Lo~ » 1 = 5
— m+—¢ o+—T(DT( , (23)
112 L3 m

oS IT_TIENN R 25451128 i 7E £k B &
S (17) ~ (19), DL KAl i 4 v R il E e
QD& ERMER O A TR (23) ] 153,

V,,=E(t){(B,,A,,—Ke)E(t)+%V~VT(?—Y§J;1—

Y'6) Jr%VAVT(Y?,ﬁHrYZ&) ) —%W?”(?—

Yim—Y'é) ECo) —%ﬁWYI,E( B —

%&VAVYIE(t)—T( DE(D) =

E(tW)(B,A,—K)E() +E(H (T—1,) —T(O) E(t) =

E(D (B,A,—K)E(D)+ED(T—T(0) —T() E() =
E(H)(BA,—K)E(D)+EDT()—EDT() =
E(t)(B,A,—K.)E(D<0, (24)
BT V.(E(D,W,m, e, T())<<0, 8 V, (E
(O, Wom, o, T(t)<V, (CECt)), W $L 8 IT _
IIFNN W% 280 ECH . W, m, 6. TCD) #5245 F i
SURY . R SCRREL L, (o X FLICeR et (8] ¢ R 4075
F.
L.— — E(D(BA, — K)E(1) —

— VL(E(D) ,Vv,,?.,&,fm)f L.(ndy =
0

V.(E0) ,W,m,6,T(0)) —

V.(E(D) ,W,m,e.T(D)) , (25)
T VL(E) , W, m. 6, T(0)) =4 R0, il B v,
(ECO,W.m, 6. TCt) &4 5 E 36 38 56 50, T LU 75
FF 458 .

limJILa(}')dy<<><>. (26)
oo 0

M3 L Lo (OS2 A7 FHlim L, (0 =0 (1 30358
B ) F o 95 KE iR 22 g in 1 o, Bk, fRiIE
THET IT_IIENN (% DU e 32 50 8 QAT 4% b N 45
il R Ge R .

4 FEeoH

BT IT_TIFNN [ PUBE R LA AT 88 H il
IVE T 2 O = O N I o DO Al
XCHE R R AT R B AL TT W
TMS320F28335 DSP™, ok 1 56 41 2 il 75 & i AT
Tk LM DA S e XL AT T — RS
5. SCE AT LA N = AR — B A R ICAN AT
PRGSO AR 2 F IT_TIFNN @ 3 A
S TV DU e 5L R R0 TRAT A 1 3 O A G B R
ERRE T 5 5 AR 43 02 38 A A XU 2 1 R
SR JEF TT_TIFNN 38 3 A B 2 T i) DY Jie 3 fg
TRATAS AT DA A 0 R 5 5 A R R
FEF TT_TIFNN 8 3 A 2 T i) DU i 38 1 8 e A7
i A N A ) 2 TR — 2 AR pl 28 X 45 (Type 1
Fuzzy Neural Network, T IFNN) # 47 H %, 5
IE IT_IIFENN Ay f ik
4.1 ZEHPBERATHIRER

Bl 5 @R oA A T PeAs LT, DU e 32 Ak
TSk B ER BN s Bk 2 . IR S %
AR R GE L SR 5 4557 5 W4 DU Jig 3 fl
RURAT A0 PR BRI DL, BB B B AR 45 2 40 s B
MG N WD BE A (0,0, 0) B 3k 2 5 7 & (20,5,
10),7E MAV RAT WY ¥) b5 B 2, HoZ A Ml i hy
0% Bl 0, =0.$, =0, ¢ =0, [ I {5 IR A0 A A %
HAR A

B4 g T Bl BB A P, B IT
TIENN il 3 %8 2 3 3 A 5 E 0 HIF 72 A2 19 4]

.f'("‘ll n:ﬁ ;45'3 ;1;1-? p{%-[s

0.5

B4 AliTh e A vh = AR 1 SR R4
Fig.4 MFs of IT-IIFNN during the identification process



W) %, 55 . DU 3 Gl 28 KA g 1 DX T) — BRUBOR Bl 22 19 2% 18 3 7 4% 1) 1339

56 1
20 e
_____ _“d smameans X
g1 { v, ¥
i=3
= 10 = ==Zi -
E P 3
/:___ —
0 I it
0 10 20 30 40 50 60
1ls

) X 10 .
g e - —y
z ! g ——f
% 0 |} — ..ei H
= — |
= =====0
|
z , \‘- ..... ~1" i

0] 10 20 0 40 50 60

B 5 TET AT AL 8RR SRR 4
Fig. 5 Tracking responses of positions and angles

without external disturbance

K )E R

EL 4 B ARFT UL, SR 2T IT_IIFNN &
I A 0 O T B R TR AT e B A A g Y B g
fig 5 % b B B R Y B
4.2 MHGFEEBRTHIBER

K6 WA T AFTEAT AL T, DU e 38 ff Y
AT A R R AR 25 G O . B BRI S 5 T
BERSHEEERBT S LR EME. Ak,
X AR S A Ty 2OE e RS I = A XGE
1.5 m/s WIEJLIA, [ 6 f0FR AN AR T P17 78 5 il
T DU B R AT g Y 0L BRI R 25 A A A
PR ER R 2

%107
10 T
;(—2 —_—y e
o 5 ——— Yy -VH
§ — =z
B 0 —— S ——
-9 H
-5 i
0 10 20 30 40 50 60

Angular position error
=)
&
=

0 10 20 30 40 50 60
tls

Bl 6 THEMET A8 SRS MR IR2E
Fig. 6 Tracking errors of position and angles under

external disturbance

AT A I Y 25 R o L B A AR R B R
JHELT IT_TIFNN J& i 1 DU e 32 5008 AT 4% H
3 A ] A B A U/ B 5 2 B AR Y K-
FCR BRI 2 RIZ K 102, BIXF A0 T4 40
e 1.
4.3 IT_IIFNN 5 T_IFNN S tbBUSLI 45 2

K7 Bon TR AT IT_IIFNN #3545 # 1Y
JHE B R AT A% A 3 I A% 5 R A SR 14 4%
Tl 255 119 S 56 235 5 08 EL A B, A Y BT XF EL 1 R 4
A B PERE 3 HL A3 A O i 3 G AT R B A
KR FE T TT_TIFNN 38 I 2% 4 P e 3L 8 K
745 3 N 42 ) 2 0% e 7 pif R R n 834 L SR SC
FR [ 14 42 i 45 1 ey 7 T 6 ) o ikt .

0_']

= ———

g 02 i s

5 ~ S

£ 01 = Sy

Z o TT—

=1 0 fﬂ“, y

e I ex, ey, ez, - ex, ey, £ I

_U']O 10 20 30 40 50 60 70
ifs
2
02 X 10
—_—

2 —,
z 01 Wy

2 4,

2 0 —,

< —V,

=01 1
] 10 20 30 40 50 60 70

tls

V7 Ao 87 A7 5% 22 45 2R X L

Fig. 7 Comparison results: position and angular errors

A5 22 i 7 il 2 b 2 SR AT R L SR AR S
) 42 1l #5575 21 04 SR R B0 AH X T T _IFNN #21]
A RS A A IR R LT R RN HE A AR
SE AR,

A SCHFSE T SR AT IT_TIFNN i 3 5% 1 Y
JHE B AR T AT A% A R A o R AL AR DU E L
BURAT A 0 8 Sy 2 A B SR TSR IR T IT
ITENN 3T g (9 PO e 32 G780 R AT & 8 3k 7 425
. A Lyapunov 2 E#H IS UL T IT_IIFNN
B IE AR R G R E M. SEI IR UE T X A4
RESTERGE N 1.5 m/s MR TR AT 66
FRAFARST 1 BR ER RO , Bifi A B (6] 4 7% L RE 98 A 250 b



1340 e KME TR 55 20 %

FEAR 00T DU e 3 fOR) R AT dRas S RS2 LR B RZEFEAEIE T 107, HAT RO A B R L

work (T2ENN) [J7.

SE Lk

IEEE Transactions on Sys-

tems, Man, and Cybernetics, Part B, 2004,34(3):

[1] WUSQ, ER M J. Dynamic fuzzy neural networks-a 1462 -1477.
novel approach to function approximation [J]. IEEE [10] Zu,Mé%. 45 %, %, 54805805 X b8 — 5
Transactions on Systems, Man, and Cybernetics, Part Wit 2 W KT Z A B RGP RPN H ] &
B, 2000,30(2) :358 -364. FOHE AR, 2011, 19(6):1406-1412.

[2] WU SQ, ERM]J, GAO Y. A fast approach for LI D, CHENXJ, XU ZH J, etal.. Type-Il fuzzy

automatic generation of fuzzy rules by generalized
dynamic fuzzy neural networks [J]. IEEE Transac-

tions on Fuzzy Systems, 2001,19(4) :578 -594.

neural network with self-organizing recurrent in-
tervals for dynamic time-varying system identifica-

tion[J]. Opt. Precision Eng. » 2011,19(6) :1406-

[3] GAO Y, ER M J, YANG S. Adaptive control of 1412. (in chinese)
robot manipulators using fuzzy neural networks [11] e, Zab, g4, F. BRI & M TE H & AL
[J]. IEEE Transactions on Industrial Electronics, WizshERHRBZE PN LT b5 # % 4,
2001,48(6):1274-1278. 2011,19(7) :1644-1650.

[4] WANG J S, LEE C S G. Self-adaptive recurrent CHEN X J, LI D, BAT Y, et al.. Application of

neuro-fuzzy control of an autonomous underwater
vehicle [J].
Automation, 2004,19(2) :283-295.

IEEE Transactions on Robotics and

type-1I fuzzy neural network to adaptive double ax-
Opt.
Eng., 2011,19(7):1644-1650. (in Chinese)

is motion control system [ J]. Precision

(5] 3ag A2 9. L TR0 M 28 I 45 16 X A oK T FiL AL [12] FAAJL,POHC, POHS, etal..Robust control
AR L)]. #HREE S5 2 A, 2007,27(4): of an LUSM-based x-y-tha motion control stage u-
601-605. sing an adaptive interval type-2 fuzzy neural net-
SUN Q, CHENG M. Nonlinear modeling for dou- work [J]. IEEE Transactions on Fuzzy Systems,
bly salient permanent magnetic motor based on fuzzy 2009,1(17) :24 -38.
neural network [JJ. Control Theory & Applica- [13] Fxm. £, ET TMS320F2812 M 2k

[6]

tions»2007,27(4) :601-605. (in Chinese)
JINHYUN. Accurate modeling and robust hovering
control for a Quad-rotor VTOL aircraft [J]. Intel-

ligent Robot System, 2004,57:9 -26.

gk EEHILI] B F HF T42.2009.17(1):
126-131.

JI H L, QIU J H. Semi-active control for structur-
beam based on

al vibration of cantilever

[7] TAYEBI A.MCGILVRAY S. Attitude stablilization of TMS320F2812[J]. Opt. Precision Eng. , 2009,
a VIOL quadrotor aircraft [ J]. IEEE Transaction on 17(1):126-131. (in Chinese)
Control Systems Technology » 2006,14:562-571. [14] FRAN, #FAE, KA F. BRI WL 45 75 6 25 76 %
[8] DAEWON L.JIN KIM H.SHANKAR S. Feedback FT A B P i LT ], AL R 42 4. 1999, 1:43-
linearization vs. adaptive sliding mode control for a 49,
quadrotor helicopter [ J]. International Journal of YU F X, LIAN H, ZHAGN L ]J. The application
Control, Automation, and Systems, 2009, 3:418- of the fuzzy neural network controller for the fligh-
428. ter pose control[J]. Aeronautics Control ,1999(1) ;
[9] WANG C H,CHENG C S,LEE T T. Dynamical 43-49. (in Chinese)

optimal training for interval type-2 fuzzy neural net-



%56 19 W) %, 55 . DU 3 Gl 28 KA g 1 DX T) — BRUBOR Bl 22 19 2% 18 3 7 4% 1) 1341

EHE B AT :

HERERR978—) B g A
FRIE 1B (1983 —) Lo, H MR, A 5T IR A, 2000 48 T P4 R A2 38 K °7 3R 14
24,2006 4F 2009 4F7E AR AL HL Sy K2 ik o o VU 27,2006 4R T bR OK 2 3545 B
(CE S AN e o N X U o o 4 A, 2012 AF T BB B K A O
A B B R Re R T R . E- ANE SR DL S Y B 5T T AR AR T o
mail: cxj831209@163. com ‘ ,‘ A7, E T NFATE FHOCHLEE M 56 h

R H R B BF 5T . E-mail: cc_sdf @
= (1982 B FMELAL 126. com

BRE 12005 48 2000 4R R ALy ke AR
LN E T e IN
RGO AT R R A5 4 15 1
oW oy om o W 5. E-mail: li-
dil9821111(@163. com

FEEA9ISI) I EMKREN M
G A S, RN FRR A
S HI 7 TS . E-mail: xuzj538@

ciomp. ac. cn

@ THATH
2 & PR 3R TH 35 B 38 5 B B JE R M

2

oMt EEEL,E O]
(1. #ER¥E B2 EF XA, LT 100083; 2. #AL T I 602 fr, L H &/E4E 333001;
3, WEAFER & IR, E 100190;4, ¥ EAZRE FR ALK, LFE 100039)

T 2 T 55 3 8 53 D6 e R BN AT 9T TP AR B A B Kretschmann it B 45 22 5 09 3% 10 45 7
TR A S5 . Dy T RS BT Y G AR PR X R G A W I S I T B BT M B TE A N S
SEAET BBEOE A LT DL BR7 W85 4 IR AH A A B Kretschmann FC 8 45 14 89 €' 1 B2 3%, IR AR 4 14 58
JeE BT 1O RSN . BE M A SRR U L AR B BT BB I 4 P9 S S A R B B I
Xt P RS B Y 25 S S ECR GE At A A oA B I B A 2 A R BEOL RN A BRI . A
BK7 %5 4 B4 5 B Kretschmann 2544 b 88 10 O M 45 DI 04 31 ik 4 I 3% v 22 ir ™= A2 1
BN SO, AR A B T IR MU IS T P OLARIE , MR R A5 A T — MR ) 3R T SE R
- LR B i RO AN P BRI . SR 4E R R Kretschmann B30T 26 nm J5 & 42 5 36 1 @ 0%y fix
RN 7° e MR T GE G 5 7% 2880 Wi 7 658 5553 ) A



