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Fig. 1 Bus rollover finite element model
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Multi-Objective Optimization Design for Bus Rollover
Safety Based on Gradient Strength Pillar

ZHOU Sha, ZHANG Yong, ZHANG Cheng, LI Qi

(College of Mechanical Engineering and Automation, Huaqgiao University, Xiamen 361021, China)

Abstract: In order to make the strength of the pillar in different locations match with the impacting force, a new gradient
strength pillar structure is proposed in this paper. The rollover simulation analysis for gradient pillar shows that the gra-
dient strength pillar structure obviously improves rollover safety of the bus. The paper establishes high precision approxi-
mate models of design response by combining optimal latin hypercube experimental design with radial basis function
(RBF) approximation techniques, and multi-objective optimization design is performed based on approximate models of
design responses by using the multi-objective genetic algorithm (NSGA-[[ ). The optimization results show that a reason-
able match of strength and wall thickness for the pillar structure, not only can improve bus rollover security greatly, but
also can achieve the purpose of bus lightweight design.

Keywords: bus; gradient strength; pillar; multi-objective optimization; rollover safety
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Matching of Hydraulic Power Assisted Steering System
in the Gear and Rack Type Passenger Vehicle

CHEN Ding-yue, YANG Li, GUO Ze-hong, HE Zhi-ying
(School of Automobile, Chang'an University, Xi'an 710064, China)

Abstract: Based on the importance of the gear and rack type hydraulic power assisted steering system, the relationship
between the steering resistance and the vehicle speed is calculated by the overall layout input data and measured data. Ac-
cording to the analysis results of the steering resistance, the steering pump and the steering gear are matched, and the
characteristic curves of these two parts are adjusted and matched. Then, the steering system output are optimized, the re-
sults meet the requirements of the steering resistance curve. Finally, combining empirical formulas and theories, an effec-
tive method which can build system model for matching analysis is obtained.

Keywords: steering system; hydraulic power assisted; gear and rack; characteristic curve; matching analysis
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Digital Technology of the Auto Body Three-Dimensional
Model Based on the Reverse Engineering

HE Long

(Aeronautic Maintenance Engineering Department, Chengdu Aeronautic Polytechnic, Chengdu 610100, China)

Abstract: According to the features of auto body contour design, this paper puts forward a framework of digital design
platform for auto body based on the reverse engineering technology. and studies the complex surface modeling method of
auto body and some key technologies during the application process of the reverse engineering. In the first place, a corre-
sponding engineering database according to the existing auto body shape is established. Then, the various subsystems of
the auto body digital design system are colligated through the distributed PDM to solve the data integration and process
integration. Finally, using the network protocol and the distributed operation platform, the virtual auto body digital de-
sign platform is constructed.

Keywords: auto body; reverse engineering; surface reconstruction; digital design; NURBS curve; NURBS surface
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Fig.5 Friction coefficient calculation of the milling process
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Tab.1 Average friction coefficient under the different nozzle arrangements

v, /m « min~! “
A B 1 i &I 2 i &= 3
40 0.312 0 0.301 0 0.311 0
60 0.309 0 0.294 0 0.288 0
80 0.307 0 0.312 0 0.306 0
100 0.3310 0.3150 0.320 0
120 0.3250 0.3210 0.304 0
A 0.316 8 0. 308 6 0.305 8
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Friction Behavior between Tool and Chip during TC4
Milling with Cold Air Oil Mist Lubricant

WANG Ning-chang', CHENG Xin', JIANG Feng', XIE Hong”

(1. Institute of Manufacturing Engineering, Huaqiao University, Xiamen 361021, China;

2. Dong Fang Turbine Company Limited. Deyang 618000, China)

Abstract; Milling experiments of titanium alloy TC4 with cold air oil mist lubricant have been performed. The effect of
the lubricant properties and its applying way on friction behavior between the cutting tool and the chip has been studied.
The optimal lubrication effect takes place when the cold air oil mist nozzle is set in the idle stroke before cut-in process.
When the spray quantity is up to some value (about 12 mL + h™' in this study), the average friction coefficient between
cutting tool and chip has no obvious change. Average friction coefficient increases with the increasing milling speed of the
titanium alloy TC4 in the cold air dry cutting, while the average friction coefficient does not change obviously in the cold
air oil mist cutting, and it is far lower than the average friction coefficient in the cold air dry cutting. The results show
that there is a certain relationship between the spray speed and the milling speed, which makes an optimal lubrication.

Keywords: titanium alloy; milling; cold air oil mist; lubricant; friction coefficients; nozzles; spray quantity
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Application of Guided Filter to Haze Image Sharpening
WANG Wei-peng, DAI Sheng-kui

(College of Information Science and Engineering, Huaqiao University, Xiamen 361021, China)

Abstract;: According to the physical model of atmospheric scattering, this paper analyses and addresses major problems
for single image haze removal to eliminate the effects of fog or haze for outdoor machine vision system. The experimental
results show that the proposed method overcomes the limits of halo artifacts and over-saturation through estimating the
atmospheric veil using the local smoothing characteristics of guided filter. By computing the average values of the most
dense haze to obtain the global atmospheric light intensity, this algorithm could adjust the color cast of the image. Final-
ly, a post-processing procedure is adopted to enhance the visual effect of the recovered image. As compared with typical
haze removal algorithms, the proposed method achieves good restoration for contrast and color fidelity more effectively
and allows a very fast implementation to achieve real-time.

Keywords: haze image; guided filter; haze removal algorithm; atmospheric scattering model; atmospheric veil; image

enhancement

REHE: MM REXERKR: RER



W36k H3W R E W CH KRB ¥R Vol. 36 No. 3
2015 5 A Journal of Huaqiao University (Natural Science) May 2015

X EHS :1000-5013(2015)03-0269-06 doi:10. 11830/ISSN. 1000-5013. 2015. 03. 0269

P300 B9 BCI iXFEELXBMNER S

&, FE

e (AR S TRk,

Napd

\=4
A
# JH17 361021)

FE:  EEXAE P300 09 -#L3%E B (BCD BUF 45 A R G0 H iy A 3 EE 5008 0 0] R0, R T — 2550 B0 ) U7 D i
ATEL B -PLE: O R G, P ST 58 B sk B 5 /N T AR S o i A B A% L O B AR
W H AL (NLP) BRI 20t R 40 b m] DUt 2 7 2k 32 S0 09 16 4 238 0 1 J3 0 P B8 v S 3 45 R 3R 0 < b itk
1) P300-BCT RGBT M AR T35 1. 37 7 » min ' ARG E T BUT B3 A 3 5 BEE ™ 60 R S
Z L RGEMPCR S — B BB & H P 5 8 558 50K 2 5N Oy (8 PR,

FEHEW . M-PLEE D WFEMARS: "R ARIBSLM; WYY

FESHES: TP 391.4 XHRIRERD: A

fi-#L4% F (brain-computer interface, BCD i — B 09 A\ -#L58 B.J7 20, HoRe s 78 T B # 1k Aiok
P AN B B AT A TS FEAR B AN R LA . 25 8 3] — A RLZE DR H BT 13 3l B A i N (A L 25 4 7
0] 2% A5 L ™ T A 47 B0 A AR ) T I I R A AL HE AT A I VA G R R 2 (1 IF T R R T
Jivi L €] Celetroencepalograph, EEG) (5 H. A2 48 . LA Bh DL B AEE . 3 F P300 15 5 45 4E A9 k- HL 2 11
REBEAHWREZ  MEZE RSB S, HETE P300 8N, BB ELITFE I HER P300-BCT K £ 41 %f
P SCFEERECT L H WA & B S Donchin S5 f RLE ) Y 5 BE S BEAE AL A — S8 A 58 R R [l
) T BEHES S IR =2 H R P B AR S 1 ANHBE Y LU A = L R 2 - RN B8 A iz ik R
H O EA, B AR 2 2 F G050 Bk b SGE R 1) BCT Rgefip SCEmEA 1 BCT R 4. &K%
AR SCRTE E LRSI A AL T P300 BB S A TR RS a3 8 T80 11 b U
AR RCR WK AE I R T T 3 T A D i A BCT R G, HSE I (9 1E 16 R 4 A AE 0. 38~
0. 84 Z [a] . B A5 A& LLRR 3 14,0 bit « min ' SEPRA B FF A 1. 23~8. 80 bit « min ', B4
A LA S LT A i A AR R A R R o LA 4 R 22 B A S T I P
RATF HA A ER Sy N Al 28 W AR AT 5 TRt B it — AN PRBE 5 (8 (9 BF & i A R 48 19 4T 55 845 T8
PE Y] A SCE KBTI SE I T T P300 By fa A4 b SCHFE A BCT R G2 itk 1 A1 951 RIS 2 548
I AP A2 R Y R

1 KA

L1 Zik#E

4 Z BRI B EIE O 23,4 2 D) IEH SOR IE B IE R AR T S 4 AR 4 R L
WFFE A B AE S T IR Z 0 2 I B O WA 55 R3Sk B T 4 e B IAOIR DL R B
1.2 F85X

RGAE T RAEAAEGE B HCR F B 20 3k 3 i 28 (microsoft foundation classes, MFC) -5,
Scg 19 & ( FP1,FP2,F3,F4,C3,C4,P3,P4,01,02,F7,F8,T7,T8,P7,P8,Fz,Cz,P2) EEG (electro-
encephalogram) [ ) 25 R 4 . il it 15 5 Bl AR - S0 A0 B0 b 10 11 1 79 H A SR 4R L AR S 480 UEA-24B7Z B %L
FRCR AR AL BT RUR AL A BR 2 R D R e R E Oy 100 Ha, SR HTEAR S 056, 225 Ha iR

KRmBEH.: 2014-04-01
BREEE: FEBEAQT, & Yt FENF RG-S 5 4B 5E. E-mail : huijuan. fang@163. com.




270 (PN S (= IR Y 2015 4

T S 1A A2 2 A AR — SRR T b R B A B R 1 R SR AT R i R AR A 5.
1.3 ARASRE

S5 3 U G ik A A A AR I 2RIV S AT 1 B S AL 2y S P ER 3 X4 Y
BERE I L HAR 4. 030 04 P B A&l 2 s S a] a2 4 AN X — Ok FE R TR R (D)
e A A 18 DU RBX CID L HARBEE X CID  BARDUF X CIVD L —ZR gk £ 19 7 B X 4% 35X 4 2
HEZ L H 26 A4S 358 SCF BRI AN AR ASAF S (L7000 B A D) RE B (Y Enter”——— 0 3E £ 58 HE A A
XM BRO s R R A DU TR X AL T — R B R R W LAY 1T A DU R — A
i 39 7 8 L L RE R (A7 e X e R — SO R ) s HAR PR 5 XA & T — Rk 45 21 H
PRPEE s HAR DU X & A Rk B 20 DU (B DL RGEAETE Rk £330, B i — 2k 35 14 o 3 X AR

S AL T RS TR — i AR B b AT A v A 08 T B £ R A

......

K1 IR p AP A &2 I R P B
Fig. 1 User interface in the training period Fig. 2 User interface in test period
1.4 EdsE
BASLEPEAT 6 dLAT 3 d RN IS 3 d 2 L SE g TETD TR

TP 3 pras. IR I ZRIT 46 5 . 3 s R HE AT I ). SR 8 2 B 5 :

Gl FUR 7 . A RSB BP9y | L) T

TR T 10 W AT —AF RN 2R, 52 957 1545 508 21 8 Cimiafs ] | [REmheREs ]
I

(BB 52 33 B Kl 25 30 A~ hE

DRI SE5G TT BT 3 s B A IR ). ST b A9 12 >4 SR AL
INER— AR A — A Run, 12 SR IN KR 98 — IR — A Trivn | @
U Tt Ji 98 Bt b BRSSP 45 58, . A5 2 75 9 “Enter " D RE %
X — I R AR Epoch. WA E “Enter " I REFEHL . s 5
XA G R IR P A% T 7 AR SE R — A BRI FE s AR 2 “En-
ter” D RE F BH ) #E A Gk IR 25 A5 2 A9 Ao 18 7 B RE AL IN AR 2 -
U T Je o 98 S A BEASE R (9 45 2R 53 405 2R S s 7 P S i 22 B

(BT AED0iE | P i ez
I

e AL R

TELRI A
. B3 o SCH ARG 5  E
/N =k 1 T > (A A LN , , ,

MHSCF ORI RS B FEIEA S TR =R ICEH B3 Experimental diagram using
hil 9E§U¢£‘J T%%-&%ﬂ H/‘J?ﬁ ’ IJI\IJ Bt &R %26 g/l\ ':F' j(? i % Chinese input system
DA mE 4 PR,

word 1
. s DFEr R B DF N B
iy ﬂil:l _ 1EPochl Bl . . word2 |...| word 7 L
Run ll I Run 12| Trin (“Enter” was chosen) Run 1 I Run 12

B4 I B B A
Fig.4 Whole process in the testing phase
DB B 3T B E R 7 A HO S RAEWGEAR” 2 P H08 BB E I RS A SR . 4
T DA R T R A % T RAAT A DR AR G R B AR DA R . 22 R I Bl e ) %ok R 5 B Y



o503 4 #EE, &, P300 i BCI W FHELR ARG 271

SR S AT DN R R B B TR] (ms) B M [75 100, |
[75 200],[100 100],[100 2004 4.

2 HELESS

ety BCLRSem ity i 5 pi. 1 5 it | RN R
.

T B SR AR R R A Ak PR ) (AR B R AR B IO oy

2. A Y

2.1 HIEMTALE - "‘  —
Bt R FE— A 0~700 ms [0 EEG {5 5 1E % 4% = "

FAP T R E 55 25 BRI b B R

B SR B 250 4 b b 5 K A 0 0 0 R -
BN 1~ 15 Ho B# 040 85 = 4 Bl m e R T BARARARE
B OO TR B 0 M 8 3 1 7 BE L L — 7 o e drgram ot e
SR 25 g Fs 26 RO IR 17
2.2 BERE

b T AT B 4R RIS R0 5 O 8 0 0 R 2
HIHEIR P30 HL B 7% B 2 BB BE 0 — A Epoch I BE T n YR I Tri o9 ) — A~ e B DA i
S BT 12 26 Hp g — 34T 0 Run BB PR . —/ Epoch 4 12 ¥R B £
VES”

Epoch;, = %zEpochi_k,j. (D

K (D :Epoch, ; B4 i 4~ Epoch M55 j 287 ¥ 404 Bt s Epoch, ., B 55 i 4~ Epoch 155 & 4> Tri g
J BB F NP 0T LA RO 4w AE S b RN Z0 5 300 ms A2 A Y P300 RRAE L4 1Y A R 1
(signal to noise ratio, SNR). {535 £ B B A5 5 FRAE 19 $& O 28 T PF & i 85 i Bt
2.3 HEREE
SRR ) HL(SVMDTE e 73 28 R R B AR BF 19 70 EROCR )iz o FH T 2k T P300 19 BCT R GE 1)
Iy
2.4 HRIEBELHE
H R 5 A B AT AL 6 AR A B B R A 0 S8 2Ry o 5 7R AT 4 R 28 B AL B i
TR, BRI S A SR R 78 18 5 88 ) AE 5 0 AR AR S X AE Y o 5 BRSO & R S R
e —ANEEBEGE R AR s AR p () B — A FARF R s MR A
AL R
5= W Wy st s Wy (2)
HAE AR A T LR Ny
p(s) = plw) plws, | wy) plws | wiws ) pu | wyrwp ). (3)
RYR M e R (e =2) , B T 5 B 3R 7R 25 i A AR J5 SEE R K JLA
DT, IF R FE A X b, X RE SRTTH B A5 7 W) 6 19007l 55 AT BE Rk, nT LR = R G 00 0 R AN
N

3 HERHW

VN B Z I E R R 3 AL, A Z i #8090 F HARFEAF A T 900 Y Run, il
W5 0.7 s BB B T2 R . aniEl 6 R, BBl 6 AT 2 FE Cz 3l 1) P300 T B &, I
e A 249 M BLAE BT 1 300 ms &b, H A e 1) B5F i) DX R 24 20 A 7E 200~ 480 mis, H A ] 38 11 Wi
A S v R IR b 380 W AR 48 SCRRC11-12] v P300 SR AE. 236 19 35 28 0l LA &t P300. & 6 .
i3k Ry 300 ms B Cz WA ML E . 2% CHRL13-15 ], e & 365 T 4138 : Cz, Fz, Pz, P3, P4, O1 1 O2,



272

R R (A R R 2E O

AT I A 2326

Uluv

Xf PA b A5 20 i B s 54T 10 U8 1 28 SUIRAIE » e B T[] — 28 Y ) 8 ) B » AR 8 1Y IE B SR BE A
0 A DR ) U R 8 T T, AR &L 7 s T Rl AT B N IR UOROE T ~10 Z I R GE Y IE
FRIEATRBNEGE »n B854 > 5235 3 75 R s 5 I 1) S [ 75 100 T3k 2 R0CR o B » 03805 5 1 [ R (75

04r

ol [EE 7R
= Y A W Ak F R

Bl 6 HBZIERY 0.7 s By HARFIEE BAREIE LK P300 Aoy i e 25 [ 43 A

Fig. 6 0.7 s waveform of target and no target after stimuli and voltage spatial distribution of P300

100 ] i 25 £ 3 M 28 48 e i T 2300 B B9 I 2R A B S 50 W 1 i T e 0 3 B g 52 36

100

80

60

n/%

40

20

100

80

60

n/%

40

20

—s—[75100]
—a—[75 200]

—&—[100 100]

—5—[100 200]
1

1 2 3 4 5 6 7 8§ 9 10

—&— [75 100]
—6—[75200]
—w—[100 100]
—8—[100 200]
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A P300-Based BCI System for Online Chinese Input

XU Xin, FANG Hui-juan

(College of Information Science and Engineering, Huaqiao University, Xiamen 361021, China)

Abstract: To deal with the issue of the slow speed for Chinese input in a P300-based brain-computer interface (BCD ,
the paper developed a new P300-based BCI system for online Chinese input. By a combination of two-level selection mode
and natural language processing methods, the proposed system can not only reduce the user's sight transfers in the experi-
ment, but also improve the accuracy and transfer rate. The experimental results showed that an average input rate of 1. 37
characters per minute was attained for above mention P300-BCI system. Besides, the more the system being used, the
better the results could be achieved. It will be more convenient to communicate with the outside world for the users with
the improved system.

Keywords: brain-computer interface; Chinese input system; two-level selection mode; natural language processing; Chi-

nese phonetic alphabet
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Fig. 4 Comparison of the visual quality between the original and the marked frames

2 0T Y S 56 25

Tab. 2 Experimental result for test sequence

(D BE & 1 () K

o

W 37 Rpsn/dB 1]/% C/bit 8/ %
PeopleOnStreet +0.000 2 +0. 14 4 385 +0. 45
Traffic —0.000 4 +0.15 4 032 +0.73
ParkScene —0.001 2 +0.07 1695 +0.92
Vidyo3 —0.000 1 +0. 45 1025 +0. 64
BQTerrace -+0. 000 6 +0.05 676 +1.07
5 HRIE

Bl T ot AL HEVC PR B RO i il i B 2k 16 16 PU e A8 Tt 488 2 52
B B BROE Bk B A 0T 5 BRI . T — MBI o 5 IS AN 5 200 R0 0 3 A 58 e A R 2
fipt i T it 16X 16 CU 5 & B A2 QBN AT SC 30 25 SRR W] %5 e iR A BB 5 B 2 5 - I 32 % 0L
iR A R R A LA AR A B R 0 I AR W A R AR TR AR R e 4 iR — 8
JRy BRAE: » X 0 B0 A2 2% AR 73 3 50 v 1A A0 £ G G R 7 B A AR A S T S0 B 3H L) B R AR
AL A i /. PR L A i B AR R R 5 AN gk — 20 4 v SRk i A1 B B v 7

S E 3k

[1] ZHAO Yan-tao. Reversible data hiding based on sorting and histogram modification[ J ]. Journal of Optoelectronics
Laser,2010(1):102-106.

(2] ZefEib BB, 5089, 58, ST HEVC MUARE Y 05 20 i 1 F2 LT . v IR AR S $ AR, 2013,9(14) £ 3356-3359, 3365,

(37 WEHEDE ARLAR. o HEVC 00410 5 B0 ). AR AR - (1 B 201,35 (3) . 253-256.

(AT o Gl T 25 XIS 5. —FOE T L 264 1E 4550 09 60 HB M BT K ED RV L1 ). 6 0H 323 T 2% W 201334
(5):63-67.



%3 S & — ARSI B B HEVC B35 5 Bl R % 279

[5]
(6]
[7]

[8]

(9]

[10]
[11]
[12]
[13]
[14]
[15]

[16]
[17]

XHE T R 4 A AUK EN B AR BF5E (D], P44 P4 % T BHE R 24,2007 : 197-200.
KRG, ABUE B B AT R ST (D], K KK, 2009 1453-1458.
TRAEL Tl R A — R R T HL 264/ AVC BRLAT 5% g 55 K ERE R LT ] M T 5 A R 4, 2018, 35(1) « 106-
112.
ZHUOQO Zhao, YU Neng-hai, LI Xue-long. A novel video watermark scheme in compressed domain based on fast mo-
tion estimation[ C]// Proceedings of ICCT. Beijing:[s. n. ],2003:1878-1882.
ZHANG Jun,MAITRE H,LI Jie-gu,et al. Embedding watermark in MPEG video sequence[ C]// Multimedia Signal
Processing. Cannes: IEEE Press,2001.:535-540.
DAI Yuan-jun,ZHANG Li-he, YANG Yi-xian. A new method of MPEG video watermarking technology[ C]// Pro-
cessings of ICCT. Beijing : Beijing University of Posts and Telecommunications Press,2003:1845-1847.
PRk B R4 A2 40y e AT S8 (D], 9 &% - B mt M ot R 4%, 2013 . 18-20.
XIS EA IR A, Be gk b B — AU g i SR HEVC B3k 04 S e 4R L) DL iR ,2012,36(20) :45-49.
LAINEMA J,BOSSEN F,HAN W J,et al. Intra coding of the HEVC standard[J]. IEEE Transaction on Circuits
and Systems for Video Technology,2012,22(12):1792-1801.
2R AL $h 3ot SITF H#AiE X 48 Contourlet i & & K ENFEIL LT ). £ 5 403, 2012,9(28) : 1254-1261.
TRAF AR A2 WP /NIRRT Arnold A2 e i BT K BEOR [T, PR R4 24 4. 2012,32(1) 1 95-100.
e E A L — BT H. 264 2 i 55 IARUK BD 7 R 0T i AEHOR .2012,45(1) 1 112-118.
KT E G BRAR. B — AU S 05 45 v : HEVCLT . R mUME s R A2 4 - B ARBL ¥, 2013,33(3) : 1-11.

An Information Hiding Algorithm Based on
Intra-Prediction Modes for HEVC

DONG Xiao-hui, LIN Qi-wei, XU Dong-xu

(College of Information Science and Engineering, Huaqiao University, Xiamen 361021, China)

Abstract;  This paper proposed an information hidden algorithm which was based on high efficiency video coding

(HEVC) intra-prediction modes. Firstly, this algorithm uses Arnold transform and turbo coding method to get a binary

information sequence to be embedded. Then, combine with the process of intra frame mode selection, we hide information

by modulating the best prediction modes’ parity of T frame luminance block’s coding units. Since the hidden information

only be embedded in I frame, during the extraction, only partial decode the steam is needed., we don't need decode the

steam completely and don't need original video either. Besides, the real-time performance is good. Experimental results

show this algorithm only has a little influence on video quality and bit rate and also can ensure a considerable information

hiding capacity. Therefore, it is conform to the basic requirements of video hiding algorithm.

Keywords: video information hiding; intra-prediction mode; mode parity; high efficiency video coding
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Application of Neural Network Predictive Control to

Dissolved Oxygen Control in Sewage Treatment Process

ZHANG Xue-yang', XIANG Lei-jun'
LIN Wen-hui*, GUO Xin-hua'

(1. College of Information Science and Engineering, Huaqiao University, Xiamen 361021, China;

2. Quanzhou Yiyuan Environmental Protection Equipment Company Limited, Quanzhou 362021, China)

Abstract: In order to solve the difficult problem of controlling the dissolved oxygen (DO) concentration with time var-
ying setpoint in sewage treatment process, a neural network predictive controller (NNPC) design method for the dissolved
oxygen concentration is proposed in this paper. Firstly, based on the general mechanism model of the activated sludge
sewage treatment process, by using the input and output data of the system and the recursive learning update mode, the
neural network approximation model of the system is trained through three-layer BP neural network. Then the constrained
predictive controller of dissolved oxygen is designed in the condition of satisfying effluent water quality indicators. Consid-
ering the white noise interference on the dissolved oxygen measurement and the step changing influent flow, the designed
controller is applied to the time varying setpoint tracking control of dissolved oxygen concentration in sewage treatment
process. Simulation results show that compared to the conventional PID controller, the neural network predictive control-
ler can significantly improve the tracking control performance of dissolved oxygen concentration and has better adaptability
and stronger disturbance rejection ability.

Keywords: sewage treatment; neural network; dissolved oxygen concentration; predictive control; process control
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An Algorithm of Stereo Matching Based on Cooperative

Optimization from Two Views to Multiple Views

WANG Dao-lei, WU Mao-liang, CHEN Jun

(College of Energy and Mechanical Engineering, Shanghai University of Electric Power, Shanghai 200090, China)

Abstract: The algorithm of stereo matching using cooperative optimization is developed to extract disparity map from im-
age pairs. The procedure of algorithm is generally extended to apply to multiple views from two views. The disparity sets
are merged into one by the disparity plane estimation, and the linear equation is solved by singular value decomposition
(SVD). And the rules are built to filter out outliers, which can effectively handle the problem of occlusion and texture-
less. The experimental results show that the effectiveness of our proposal methods and the accurateness of stereo matc-
hing.

Keywords: stereo matching; cooperative optimization; image segmentation; disparity plane fitting
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K1 MapReduce £b 3 i £
Fig.1 Processing of MapReduce

KFBEHE: 2015-05-07
BEEE: WEAKBEQ73-), 5 YRI5 558 A4, 322 S5 i UiF i 75 55 R8s 42 48 19 B 92 . E-mail: 68279983 @ qq.
com.

EEWB: Wil AREEES®T A (Y14D060013) s WiVl & #E TR A S /EW H (FW2013031)



%3 TEKHE . 45 . R R ) MapReduce % 77 41 43 i 293

2 BREE kY MapReduce SEIR

K-means B3k B RGO R0 REF D b FHIEZ 0008 9 Z N H T % 75 4050 5 R 250 H
Hit R K-means SR L HAG AT 43 i AEE 41 0955 5 0 DL 3E & 76 00 A SN2 T s 17
2.1 K-means BEE X R

WA n DRG0 A k 25 %0t ¢ RAEAR & M K-means 5235 (19 0] [8] 52 2% B O(nkt) . IR T5
SUR AINVE I R (VBN €1 N Py = DO S = N S A T O - B Y S S A Y TR 7
TSR A G B s I B S s R R X S A B B S B A O R R AR X TR L R R
YD AN B ) L BRI T AT L 0 T A TR 2L SR B, AT DAAE = A = 0 A B B AR
e AR R BRI 3 A i b BR.

TR HESAn DNENBIEE X o ek DRG0 =12, k.

$R2 RGN REPOLEE dlcic)  Hi i, j=1,2, k.

B3 JFEAXNE o SURER T OIS d (2,0, BEHBEETL ¢ M die, ;)=
2d(x;ve,) s ¢ NIRRT AT AR I dCaie) s B HE dCave) s 305 d(ave,) HEER. 4

SEA IR 3 F BN o, VR BB G B
R A SR 2R N O(nBd) . Hib  1<Kp<<k & X%
S0 0 VR B B 1 U SRR L —

FFEE A VL2 0 I L ORI A LA, BT T R R T
2.2 &£/ MapReduce S2If [Map1 ] [ Map2] ...
A MapReduce &b 58 4 N; 225 DUF 2508 - R0 B 46 | — |

T B4 I — A /N B S o T L 6 /N KO0 B T L 2 —— T
WAL TR TR . 4E K-means Bipk b H B4 %1 %8[Ol ] G ] oo [Clwk ]
0B RSB 0 A R B e
L, K-means 2 3 I 38 7 40 4 s 647 H 2. K-means 853

AP BB L W1 2 7% i B 2 BT £E ) MapReduce 438

BT A HE 2 PRI LA A3 90 S0 17 B B0 R 05 0 1 F L5 4

J TR A AH G, 23 i B2 0l i Hadoop 58 1 o 73 A1 4 .
2.2.1 Map @433t  Map R BN FFE 4 e P 17 5 U
Sl TS AL SR IR E TR L | 2 Komeans 8 ) MapReduce 3
JEI]. Map R R iy A4 AR % 7 B8 SCIE R & A H00 B R e Fig. 2 Process in MapReduce of
B R P B DA (key s value) X Fon , Hio  key Jyid 5640 K-means algorithm
X F SCUR R I AR R RS 5 value SRy X B0 7% 45 28 (H 4 B0 45 . Map pRECHY OV RS 4 F
public void map(Writable key, Text value,Context context) {
minDist=MAXDIST;
for (i=0;i<k;i++) {
if (dist(value,cluster[i])<minDist) {
minDist= dist(value,cluster[i]);

midClusterID= 1i; }

}
context. write(midClusterID, value) ;
}
2.2.2 Combine & %%t Combine pREUE H & X B A~ Map pREU™ A2 19 45 3 E 47 A< b Ak T b B, A
1M 7E Reduce B, J 2> AN 0 ZE (1) 38 15 A A - DA 55 %8 1~ MapReduce 32 17 PERE. Reduce pREL Y7 F & M
Jiif Map pRECEI A5 F b Ge it At B & B2 0. S T D E A5 S A AT DLUEUSE X AR L Map bR
O S TR A0 H A B2 R o 3 N 5 A 4 M 2 A Reduce BB A0
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Combine b % D% 40~
public void combine(Writable key, Text value, Context context) {
num=0;
sum; array[ 1. . dimension];
while (value. hasnext()) {
current= value. next() ;
num-+ +;
for (i=0; i<<dimension; i+-+) sum[i]+ = current. value[i];
}
context. write(key, Text(num,sum)); /%iH 8 value F45 B A5 num A& 0=
}
2.2.3 Reduce &4 3% 3 Reduce AL AJL combine 5% i i . key J2 B #E 1D, value H1 435 1%
4 1 X G 8 num LI S8R G2 1 45 4 B E 2 L Reduce s EMNA — key BI45 num 2 fil F3R 4 23 10
A A3 3R R hon i (key s value) X, Reduce eB 501 T4y
public void reduce (Writable key, Text value,Context context) {
num=0;
while (value. hasnext()) {
current= value. next() ;
num-+ = current, getnum() ;
for (i=0; i<<dimension; i+ -+) sum[i]+ = current. value[i];
}
for (i=0; i<<dimension; i+ +) mean[i|+= suml[i]/num;
context. write(key, Text(mean));
}
TEAFIX reduce ZJ5 » I Wl 22 0 75 /N T 45 7€ B AL A0 2R/ T 0 30k e 880 5 0] A48 reduce 25
RAE N map 5 A AT T — 55

3 XWEHH

3.1 XWIFE

PR ER G H 11 G AL T IR LLRK. K1 & 1E R master; 535 10 & H
slaves. &5 S B4 . 3. 2 GHz Intel X% CPU4 GB NAE. #fFBc & . JDK 1. 6. 03 Hadoop 0. 21. 0.

S5 Fiv A 800 2 46 4E RS N LA S 1 I AE Rk R PERE L S oAl i TR TR RN BN 4R L A A
1.2,4,8 G. KN L (speedup) 15y 2 B 5L PO 5 A5,
3.2 EEEMEILMEREXR

g b R A IR AT R G H MRS E MR T E AR bR R AR TR IR AT RGP TR — MR 5 A B AL
ML s A7) (] 5 7EIFAT R G0 F AL BRA ) A9 b8, — 5 1, T AT be 2% 52 4 3% 40 A 4 T U 1 im esf s %
FH R FUASEAT: 55 1 Ab B AR 7 5 55 — 7 T - 25 540 BRAT: 55 5 58 44 0 U5 [) BL Sl DL B8 st 47 3R G b L g

4 BRI 1Y 46 ZE N TR i 10 S BOREUE S g, ik 1 s, 4r ik # 1 1.2,4,5,6

AT S AR AW I A S Go B F 1 TRER
DU L I8 AT I IR] (o) 75 3038 47 B ] S #40 Tab. 1 Experimental data
B L 3 s, % SN/ GB e B Bk
L5 0 B H A AR AT 1023 ZasLsor
%% 0035 17 I 1) #6457 5 2% g >, 0 W K-means b 2052 4701852 68
N e N \% N c 3.982 9 379 606 126
B Hadoop | is 47 HA 8 I 1 3 B . 1 1 8 075 18 906 172 260
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Wl T ARG AT TR, 300 8 T B8R GERY AL BT X asby e Z4LEUHE . SE0 0 Bl e 4 2, 4.8 DT
o) PEATIB S AF BBz A7 I E] o G 4 o, wiy P 4 al . 5 55030 AU 42 1 HE 0 g s RS0 0 el 0
ISR 5 RIAT GRAF 2R E H AH [R] Ak RSP A B T 1% MapReduce 53235 B9 AT 97 R 8.

6 000 800
T Xm B
4000 | —r 500 | % \
< 3000 - - d L 400 - § §
2000 | 222 § §
000
1 2 4 5 6 2 4 8
B3 Bk S 1T i ] B4 A7 58S B R) L 3SR Bk i AB A7 B )
Fig. 3 Running time trend Fig. 4 Running time of the algorithm in
of the algorithm same proportion of nodes and data scale

3.3 REXABEEFAANSZIRRERSN
S0 BRI R TR PR R DR TR A iR 98 1 3t ) A 0 DT o R R R 5 RV SR B O T A g S
B B PRI T 25 200 J7 A Bd R TR 120 TR .

T TR LR R R A TEAR S %2 ZAEFRE REM 404 K%
RFM A8 1 gy Sl B2 M 8 T L3845 10 Tab. 2 RFM model including multi index
REM 40350, 35 2 Fr . #6407 R F 430 #r 155 REM B3tk RFM
R B ) B R AT I — fah ROreceney) RORIR IR, - B ot &
MiG,38F Hadoop %ﬁﬂ\iﬂ Zat MapRe- F({requency) BRBOR Freq. HBCRBIER Freq_max.

H & /M3 Freq_min
N ZH. N Hx > H A A
duce By AL BLE 193] 16 & PR, H M(monetary) B34 8 M_sum. FEH 45 M_avg

4 A REAE A N T B fE R A(advice) S HE A_sum. BT A_rec
(N) Q3 3 TR,

B 3 AT C2 2802 1 4F 2k — BLBIG BRI P o0l 2R AR R R W AR & P 82 s J2 8 W) N 3%
R AR G P 5 C5 e S AR IS BR AFLH B8 400 B2 R Wi e 78 2w s PRI BUHE T I B (8 ) I
SRR TG B T B R R R X 2R R T B RSP RE BR L N R T AL APP P 2 Al
Aok e A s C8 2% 1 B GBI BR A 35 e W T 2% o (B B il T 2R AR AR AR A] BB 2 78 & A 20Tk 38
FRWARME P BB RR CLL BN 8 T — MM B 5. DL R S5 By S e T — 4 R A7 i 75 5%
AR Y PR3 I 7 A ) 52 e o BPPE 2R U0 17 4 56 S IR 5 A PP 3R B e T ok 45 ROl 45 35 4K s B 5y APP #ET
AR 5] T R S [ R 55 i b E A B e & R o 45 2R X A Rl i e SR A
MRS HMAE.

3 KPEZE
Tab.3 Customer clustering
Egil| facl fac2 fac3 fac4 N/T A
C2 0.413 0.526 0.734 0.018 1.7
C5 0.526 0. 383 0.121 0.227 131.2
C8 0.012 0.392 0.328 0.072 42.5
Cl1 0.138 0.176 0. 189 0. 180 227.2
4 HRIE

A K-means B8k o4 060 R B rpols a1 B8 2 Mk 7 S0 A s i = 3100 50 &R B Y SR A ek T
Xt GIHSRI LR I 45 T A I MapReduce SEEL il i b S2 900 W 1208 3k 1 n] R R R R



296 R R (A R R 2E O 2015 4

Ph. AR W BS540 AT A T 248 AR 9 REM 7 RS, 2808 S0 . A5 31 1 BB 25 2R SC
XA S BLT5 1 ANDURT O R P S i U A oMb 48 36 DR R SR o ) Bkt e e i AR T ) A BRI 4
A A 0T % . 4 T o X i e R B 2 4l o 9 15 8 22 4 R EEURL R 47 )T R
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Application of Tourist Segmentation Based on
MapReduce under Big Data of Tourism

WANG Yong-qi''*, Wang Hui-jiao®

(1. School of Automation, Hangzhou Dianzi University, Hangzhou 310018, China;
2. Department of Travel Agency Management, Tourism College of Zhejiang, Hangzhou 311231, China;
3. School of Mechanical Engineering and Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract; First, the characteristic of K-means clustering algorithm and Hadoop cloud platform is analyzed in this paper,
the improvement of K-means clustering algorithm and its implementation of MapReduce are given. Then, the experiments
of speedup and tourist segmentation are given to illustrate the effectiveness and the high scalability of the proposed meth-
od. Finally, according to the characteristics of tourism big data, a multi index RFM model is built, the clustering results
which are expected indicate that the algorithm is highly practical.

Keywords: tourism big data; MapReduce model; clustering; customer segmentation
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AR FE R 3 75 RR A W S Iz 2= Ak 3 3 SR Y =2 Wi

WEE, BN, FHE, WL, KeR, A F

(1. fefff K2 (L T2 pe . @k I 361021;
2. T HEAK WE IS . A JETT 3610055
3. BITKS PG KA A RAR , W EiT 361005)

WE: RAHNEBEAY N4 (DMBR) AL B A 35 15 7K, % 2 A5 [) #F /K 58 3 % DMBR Ab 28 45 5 (9 5% i, 0F 5%
SN AR B AT i R IB AT SR ARG O 45 R SR B R 25~510 mg « LTI B BE X K CODe, 3 1 A
K RBRFRKF] 92. 46 70 MK BEHE 702 (224~510 mg « L™, H 7K NHY -N ZBR3AE 98 %6 LA I 5 Kk K o
BEAR B NH-N LR T, DMBR Hi/K pH (A /Y28 b i J5 F 080 19 2846 24 0% B 7E 330~510 mg » L™'4ig
MBS SIS B 200 23 L« (m® « h) ™' ,DMBR (93247 J& 1 T 3k 39 d, K& oh ik )5 B8 &K 2 %6 100 %.
S AL B M A 3R B 2 R K B RE B T e i T R - DMIBR S e R 300 4 L R T e A A B L 2 1k K B
TRER] 130 mg « L0, Sk AT R BEF 10 d

KR SIBNEY G B PGS AL

FES%ES: X703 XEktRERG: A

KR NHY =N 5 3 2 3R R R R EE 5 Yo ) — A Z R 7. KK o NH -N # 2B) E20E o Ay
i P 2o e 52 B T A 0 i P e o B T e — E A B 3T AR R [ P A A A R X A A T R ) 5 o T
T FF J 7 R A 5. Modin 450 SR FBUR 28 1A W A0 HhL i % 36 7K vl 7y 62 HE 47 18543 TiC , F 5 T 82
43 B J oF i AV FH B 52 0. How 4554 3 AL PR 2R W I8 T 2240 BB AL T %K L 2 B NHL -N L BR R B
A6 T RE 7R S L A 8 o T o S A B e RIS B UK A5 B I TR 8 98 % B4 L AR T Al T Y R
SR AL AR B HEAT S S — P R 2800 A W AL B K B R B2 R i B 5t LB AT R AR e A BB
S5 P T BRI AR ) RO A (MIBRO B4 IS . 2l A5 5 A 1) 52 Bz 4% (dynamic membrane biore-
actor, DMBR) 7E & ff MBR It i 9 [/] B o 5 Fl R L A28 00 584 R e 118 52 AR MRSt /K K Sk 22 B

BT BN ATURL I P 7 o I AR ) 2 7 25 38 A7 3 R 0 AL BSOS L S 0 05 S5 R A DMBR B 5E T 4R BE
it A B % 5 R K I EURCRE I R L Bk @ AE 0 548 T DMBR H 2SS Y 1 S BR AR K sh A 5 IR
WG P T U Y R A — RSB S K BRI Z 0 200 mg « LU B OB T 5 K o NHL -N
A R R A i v R O A A O R A 2 R R AR SOR ] DMBR AR BT 20 BF 5 7E AN ) i 7K
B A5 PF T X DMBR A B A= 355 5 7K (4 5 800 7 A BIL 40 3 Ak R 30 285 I 5 4 AR P 14 2 i

1 RS

1.1 XEHEE
DMBR (1) 52 56 2% B iy A= 9 [ 7 2% A1 3 s 4 14 2 R an T 1 B 7. 35 7K DA /KA E s a0 26 42 7
A2 A L R RN AR A A A 12,5 L, Hodpde 5 2 R4, i PVC M JE A
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T RSE Sk 0. 17 m< 0. 25 m. 4114 4k PP S0k
SEPEIE TR o ALAR 37 pem B TV 9B A L A A% i
BUy 0. 085 m’. J N #i 45 B 1) 28 7 b 3@ A7 391 IR] B 1 B
FERS I AR HEVE . BN R T 03 kK . 5L 5E ) MBR =
L U2 T 05 0 B A K B AR T B AT A 2 R

E.‘I‘./k

— BASELLF

(5 B )
A FE 25 ) — 5 1 6 1T 1K KR o e L S
1.2 kKR ! 5
KA IR HEVR 1 WA

AT KR ] 278 mg « LA A B, 278 mg « LY
JEK .13, 16 mg » L ' KH,PO,.66 mg » L' MgSO, , B — RS A Ak 4 S T L R
165 mg » L~ (NH,),S0, .6 mg + L CaCl, .6 mg » L~ Fig. 1 Process flow diagram of a submerged
MnSO, + HL, O ST, 3 4 it o2 5 9 2 9 £ dymaie membran pioreactor
T s s 2R 2K G B RE K (2L CaCOy 31 R 510,430,330,224,130,25 mg » L',

AL 1 T3 T L RE IR T 95 K Ak H T SR A VA A R B BRI R A SR A P T R A AR
R HIAE 3~5 mg « L' YIMLINEh 1 w. £ H KK B g J5 » iF A 8238 17 B B, 5 5@ i K O
h 106 Lo h 4 T T ARG B B RE A T R S B AR A K R M G HE K A CODe, LBV NHL SN
i R R IV A 2R 1 B R R L BB A S p L I 3 BT RN N 1 B A 3 G ) (extracellular polymeric
substances, EPS) ¢ i , 5 W10 2 5 o 4 JIE 30 i A1 3o 308 P 25 1) A8 Ak, i O SR AE 2 245 J 0 6 ¥ e P
1.3 ®WFE

CODe, 1 7 2R F PR 188 25 DA 48 A 704 A 5 5 80 80 CTIND) B30 5 SR et A e 9 4 M 48 A 43 Ol 6 B 9 s NHL -
N (0 7 2R 49 E A 700 20 6 o BB 5 A 21 T 7 R FH 56 A0 0 6 06 B 1 5 A R A D SR A N- (1 280 -
L Ay JE N EE VL S EPS I4R B 15 2 BROSCHR (8 15 21 1 B i I A SR FH 2% 1 Wi s 060 s Z B 58 R
FHZR B — B R 12 5 8 (ALK 1 00 7 SR FH 12 B 4 7 790 7 325 s p HL (B A pHL 3 0EA 700 5

2 #R5iTR

2.1 HEKELEZEALRY kL S pH (K10

DMBR J2 1730 7 o1 75 7 730 7K B2 26 P 030 8 K B2 o B2 ) D 525 Al B0 2 7 7. 1) 2
o ONH -N)#3% NH -N AR REHE 37 9 22 5 %, (1 2 AT 00K B  330~510 mg « L' i,
BRHERI A B 67,5294 ,43% « K BRI 100 me + L', BT DMBR b 82 3 15 K (0 32 7
R 5 MK OBy 25224 ma + LI L BUSE A3 5135 ) 8896959695 %4 3K U BRI HE A 56
TG HUKBRIE ST 0. DMBR JF It BB A< R B4

St K 10 pH LR RV BRHE A& O T 7 AL 0 0P 3 %, e (1 3 P10 S0 430,510 mg -
L pH (RASEAE 7. 42~8. 13 22 [ ;6K MO BRIE IR T 330 mag + L7V o pHL (AL B 06 A B JE 40 i (6 7

600

- . 0 .
510 mg-l}”! M 100 8 & o LK ‘
oy - XhK &fm '
500 [y 430 mg-L 4 B
330 mg- ~1 80
- 9 5
Ly 400 | L  edadle
R ik {a 7 ilicata
= i -1 ° [
Z 300 224 mg'[ & o 76 °e%
Al ¥ s 0" o &
= 140 o &
Z 200 ‘?“9@«9 130 mg.1|™! 6 | 5
=Y 9 ._O%o
q g ok 420 H 0,
100 - o SR 5 mgL” 510 mg.L! 330 mg.L! 130 mg.L'® 6% o
0 e R, 0 5 _ 430mgl™  Ppmel[’ pSmgL’!
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B2 g KRR R R 22 A8 Ak 3 N [E AR A T kK pH A 1R
Fig. 2 Alkalinity and utilization rate Fig. 3 Variation of pH value of influent and

of influent and effluent effluent under different alkalinity
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T AR s 2 KRy 25 mg « LIS, pH B R R 5. 33, KB R ER PE. A pH (/Y22 Ak m] A
A R X pHE Y 22 oV TR L BRE TS AL I pHL RS A AN R 5 2 B AR BE A AR I pHL R A AR 2E
i J5 TR A2 Ak
2.2 HAHETAINTLEMEBRERNE M
2.2.1 ¥ CODc, 89 %0 AFBEBE ST 2 7K CODe, 1 5 i e o(CODe) K R BRF » 1454k, 4n
B4 B, dIE 4 AR AESE R o 25~510 mg « LAY APF T S SR K 19 CODe, (3 24 Jit 7t vk
JELY Ny 24 mg « Lo, RERAIRF] 92, 46 00, X2 1t T A HLY) A I A S AR EE 6 R T e vh K S R
SLJF] 7 S8 U K B 1 O 18 B HH K pHEAE 5. 33~8. 13 Z (AR fk . B 43 57 35 1 T 7E i
B 1 PRI T A L O X R L R B P 5 114 KT B 3 5 58« 9T LA B 194 A0 o 3 4 75 D8 P A 0 1 A AL

S AN PR S HE K BB 1) 22 AL X CODe, 1 2 B3 IL T3 5. T PR A AR50 T 7 A4S B = 1
T — A A T 25 A B A T 5 K S e R R O B RE T (290 mg « L0 FHGRBEAS 2 (90 mg « L") 5 Fif
TR B 3 X 38 M ¥ R A A ML 1 25 B3k R i AN B, 33 5 S0 R 9 F g 4G SR A — 3K
2.2.2 3 NH/-N &% 1EARFMHE KT . % DMBR 3K NHY -N 5 R EE o(NH -N)
B ZBR3 q SR AP 5 . fa S AT Y B8 D 224 ~510 mg « LA DMBR X NH| -N iy %
B R AR LA L B AE 9826 ~ 10020 Z [H] 5 24 % 130 mg « L™ HF 4 NH-N 9 3 B B AR H] 7526 5
M 25 mg o LV NH -N L BREEACN 35%. fES AL Rt 2 7=k HY L i DMBR iR &
W H W BT AT 5 R RGe Y pH (A REAR. A5 AL 20 i 75 pH A o Pk sl 2% 1R 0 1 d 5 Al
Pl B SRE PR FE R e T LA A R p A A AR AR 22 vV L M B D 220~510 mg « L HT
RGN pHAEAERFAE 7 LA b A R T R ACTE 09 45 KL PRAIE T A A6 SR 1 TE & 64T . al 6 NHY-N IR 5
BARHYKF-. HHRE O 130 mg « Lo VF L K pH (ERFEZE 6. 31 A A6 40 3 28 1< 32 B 5 24 580% 25
mg « L' iF, pH {EFE R 5. 33 A6 S i 52 f.
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\ » ‘ 4100 A NS
400 (Yot ader A TR K \
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; i
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\i 250 | Pk = R 93 <
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S { |
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Fig. 4 CODy, concentration variation of Fig.5 NH;{ -N concentration variation of
influent and effluent influent and effluent

TR PR AE R DU 72 (290 mg o Lo DI NHS -N LBRA 9700 Bl AR £ (90 mg « L)
B AL S A2 B NHT-N 3By 71,804, B, i MUIWHELAE 16 15 K FE#E 7K NHY -N 2 35~40
mg + LI GRBE HE A L8 5 K NHL N B2 B TE A Ak o Rl 2t BIU00RE A 2 114 19 20 17 32 2400 7).
2.2.3 s NO,-N# %% FEARBKE T .DMBR H7K NO; -N,NO, -N F# ¥ o(NO, -N) 1251k »
I 6 TR, el 6 FT A S AE R AN IS AT AR AR LT O, BEBIAE DMBR A R AR R R AN
Pt R SRS 224 ~510 mg « L1 IF L HHOK A BRI 2008 25. 23 mg « Lo BB FE AR A9 25 1R T (330~
510 mg « L") RARS; NH, -N 3 i i A A5 FH % A Dby 8 80 1 A 0 s R0 BE 450 v . oy T 1 B 4 A A7 1
— A Y 4R DX IR LA B {5 0 2R A DAY S o T AR At A2 BELTES A SRR IS T S A P 2 R Sl T PR AR L B AR
PRIEE g SR AL A B AR 3 T AR AR L BEAT RE AR T REIURI BEA T 24 K B8R T B F 130 mg + L'
KA R FE 2 12,47 mg « L2647 0008 25 mg « LI, RGBS R LT 0. £E 6% A A2
M2 PE TR o bt T AR 52 B0 06 B AN A2 A0 pH R B A9 5 R & A T A i A 2 L. A R
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2.2.4 BANSERGYw EAFRAMET,.DMBR i

o ol oo Aol o
251 Vo, P, 3| 6% o@P

ER N L LI
K R pCTNAND B B2 g 0 L 7 R, B o T
7 AN OB 1 BT X530 5 @wwmgmﬁ@;mjﬂﬂgwl
0 30% AR LR BB B A BEM R AR e < | o

Wyt Ak ik 7 R0 i Ak o AR ok 58 . 7R 2E K BRBE T 2 (330, _
430,510 mg + L™ OB R LR BT RO NHD N & i ,
R E, BKFTEHRERTEA RN 48X 5 A& Eﬁgﬁ%#’ 0 10 20 30 40 sot/deo 70 80 90 100 110
il PR 2R 3222 S A o B s FE AR ARRE (IR T 130 mg « L)
SAE TR A R 2 BB AN R pHL L R I B 0 ﬁﬁﬂg B6 ik NOI-N RMHKE M

3 B B th ok o 4 K R NH N R 88 Xt fed MO oeeniton
VL 2 e A A D T . vanation of eHuent

TER AL R L AR 1 mg « L7 NH, -N F7Z 0¥ 7. 14 mg « L' (L CaCO; H) 5 76 R Ak i 72
ML 1 mg + L NO; N B A 3,57 mg + LU BRI S RERUE (mg + LD EEAR N

[C(ALK)]@VE‘M{ = 3.57 X ([C(NHT)]i&/k - [C(NHT)]H‘./K + [C(N().‘i )].'I‘./K ). )
SR FENR S (mg « L DA K
LeCALK) o = LeCALK) Ty — LeCALK) Jy . (2)

S e R v S B RS T AR R BRI TREE T AE o IH AR L A&l 8 BT . Ml 8 BT LA Y« Bk BE oy 330~
510 mg « L' A, B3 A SE PR T4 FE B K T HE T RE . DR 0L, B 2 22 1 T A AR VR 5 24 Kl 25,
130,224 mg « LB B8 9 52 B i 46 5 I T BE W AE &L i i Ak R AR ) H L RS 51k
pH {H Ak, BRSESCAE R, 55 1 mg » L' AU SE PR BRI T4 FEBE K NH-N 3% K misi /. AIE 5
A DAE 2 K NH, N T 3 B2 2 720 00748 i e 44, TR 0kt o 2t B0 S5 s 14 AR 6 B85 56 K T B0 31 #E 2 Bl
Ja AR T RS AR R A B . B AT 0 AE K NH, -N BT B R 35 mg « L', SEBRIR BT 7K A9 B
JE AT DL 3R S5 e 1 ) s An R Ak S B | NHL -N R B oK B 083 AR 2 . B pH (EDRE B0 R 1 2.

50 . . . 4100 300 o
510 mg.| [330 mg. 130 mg.] S FE
D5 mg L] 250 | = BOEH AL
40 180 220221
= 215
- 7, 203 21_2214 15212
1] , 2200 fyg5
20y £o o6 £ .
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= R, 0P ® 9 = o 124
140 =
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10 | i 20 50 F
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Fig. 7 TN concentration variation of Fig. 8 Variation of alkalinity in the actual
influent and effluent and theoretic consumption

2.3 HAKEEXNHEERTENE N
DMBR:‘éﬁa‘iﬁtﬁ,ﬂﬁﬂaﬁﬁﬁwﬁnﬂﬁ T (DFEARGE T A & 9 Bros. 4l I8 K 25 31
£ 4.8 kPa I I VRS A AL . FoR — D A7 A Z5 0. | &1 9 AT 2 A 330~510 mg « L'
FEL N SN A B AT AR R B KRB TE 23 L (m® « h) ' i UR R 25 4ERF7E 3. 6 kPa, i I e 254
% 4.8 kPa B, M IR 2 16.9 L« (m® « h) ' PR, S 17 R 39 ds M8 N 224 mg -
BT E 20 d; 2458 K 130 mg - L”ElﬂL BT E AR E 10 ds A A 25 mg « L AL 3 3
JE 2238 3] 3.9 kPa, 58 & 0d /Nl BE R R FE R 14 L« (m” « b 'L 3@ 47 A 14 d. it e] 0L, 24



%3 WPV . S ¢ B T 20 2 A ) I i b B SCR B R i) 301
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100 %0 + 33k 158 B 2 8 A1 F o 2l 25 IRESE B 1% 158 k1 2 A7 0 1R 4

NS R AW (EPS) B AE—E S BE A 4 T i A 1 R0 R A0 i 0 6 T LA I — 2808 7 7 R
Y1 EPS L2l 24 8 1 BUR DNA 2 0 BB 5 e 7 A S 00 1 i 4 1 2R 2RI (L b E
LR EPS Jo i e B (948 A 16 00 » 32 B0 o S 5 R vk R TR B S B 1 ORI 22 0 A Jo R v R R R AL
EPS [ 3% i B 45 T 8 1 J00RN 200 00 A B 22 R X PR AR B T R B . B A VA R M EPS Yk BE 8 IR
IEE DL i N

ARG T B g R EPS 19 BURE HE w (EPS) iR (] 224k, 4n 1] 10 Bz, i 10 A LA - 2 B Y
Fite R TR E R A B L. N 2R EPS 59 EE M. HiUE N 130~510 mg « LI EPS i fE
M 10 mg+ g "HE 38 mg+ g ' HBKEN 25 mg « L 'WLEPS IR ILXEE 35 mg « g '£4. Wi
PEK BRI )T . DMBR AP 3R &3 pH (W EEZ T B pH (L HY T BT EUR & 8P 89 EPS 8. R¥E
SEURF TR FERRME A T A EPS S KT b PR B A% 1
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[ it e N =&k
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S g 955 & ) 0 125 40 510mgL!"  [330mgl”  [130 mgL!
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Fig. 9 Variation of transmembrane pressure Fig. 10  Variation of extracellular polymeric
and membrane permeate flux substances concentration

B YK AR ST R AR E TR S SO e ) EPS JR R Ik BE RN B A RS QR . DMBR R
RIS AT B F IS AT W AT IR 2 39 d. Bl FE K B R B9 R MG L L B AR RE AN R L RONE A P ) EPS
B SR BTG Gen e 5 2ol BB s A7 A T R

3 g

1) 3 B 78 A Xk ) 25 155 A ) IR 4 19 CODe, ZXBRBE I AR K, R BR%#IF 90 %6, ik /K B BE 78 330~510
mg + LU, B3 S0 2 L NH -N ZBR3RKH) 98 %, pH HHEAFE R s MU ME T 224 mg « L', 2 4%
LA A AL A1 B NHL -N A 25 B % R %

2) MFEK BT FE R SR T L RN g8 TP R EPS BRI B 8/ DMBR W %812 17 5 5 ] ik 5 39
d. 2GR EEAS R SN A T Y EPS RN B SRR E AT A R RER] 10 d, bk ) 2 3 B E
W RN 100%.
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Effect of Influent Alkalinity on the Treatment Characteristic of
Dynamic Membrane Bioreactor

HU Miao-miao's, HONG Jun-ming', LI Shang-hui',
DAI Lan-hua*?*, CHEN Xiang-qgiang®, XIE Xiao-qing®

(1. College of Chemical Engineering, Huaqiao University, Xiamen 361021, Chinaj;
2. Xiamen Drainage Monitoring Station, Xiamen 361005, China;

3. General Water of Xiamen Sewage Company Limited, Xiamen 361005, China)

Abstract: Dynamic membrane bioreactor (DMBR) was used to treat domestic sewage. The effect of the influent alkalini-

ty concentration on the DMBR treatment results was investigated, and the parameters of the reactor were tested at the

same time. The results showed that, when alkalinity was 25-510 mg « L.™!, there was little effect on the COD, of the ef-

fluent, and the removal efficiency reached 92. 46 %. When the alkalinity was sufficient, which was 224-510 mg « ™', the

ammonia nitrogen removal rate was over 98% ; while the alkalinity was insufficient, the ammonia nitrogen removal rate

decreased and the effect of pH on the influent of DMBR was lagged behind the alkalinity. When the alkalinity was 330-510

mg + L', the flux of the dynamic membrane could reach 23 L. « (m* + h) ' with the cycle of operation about 39 d, and

the recovery of the membrane flux was 100%. The extracellular polymeric substances increased with the decrease of the

influent alkalinity, which made the inverses washing cycle shorten and the membrane pollution severe. The inverses

washing cycle reduced to 10 d when the alkalinity of influent was 130 mg « L

1

Keywords: dynamic membrane bioreactor; alkalinity; membrane pollution; nitrifying process
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2) SLIGANAS . KQ3200DB B K 44 8 75 I i kg (VLI B iy #8728 A PR 28 /]D s MODEL828 %l
pH i1 (3 E B A BRA D s WEZ2800-D3B B 48 Sh AT WL 43 606 BE 11 (A 50 i A 43 A1 A28 24 D 584008
T L I 27 A B CH AR S HEA B8 28 7)) s DTG-60H B4 H 40 A0 CH A 52 A 288 ).
1.2 XWHE

S ] VBSA W) UG 5 VR B pH (B I XRG4 KR T IR B BSA 5
1.2.1 BtiE B 1.5 mL @A (40 mg » mL DA 1.5 mL 9 NaCl % # (90 mmol « L™ ") i, 7E
PV BEAXIE T4 (40 kHz, 120 W B S5/ F o iImA 3 mL BSA % (2 mg » mL ™). fEJRBE 2 25 C 5
150 1o min A SR AF R BEAT IR BN SEEG 4000 T 2,4,8,16,24,32,40 h BORE RGN BSA 8 0 B
1.2.2 BSAm# Gk E W 641 1.5 mL #4740 mg » mL D fMA 1.5 mL & NaCl % (90
mmol « L") i, 75 8 7 I Ve AR ¥ (40 kHz, 120 WO B9 F I 3 mL JREW 4354 0.5.1. 0,
2.0,3.0,4.0,5.0 mg » mL ") BSA ¥, 7E IR R 25 CL K 150 r » min 'S4 FfEF 4 h, Bkt
i BSA g W [ 42
1.2.3 pHAE [t 6 41 1.5 mL #3440 mg »« mL™ ") ARKIMA pH (E4 5K 3.0,3.6,4.2,4. 8,
5.4,6.0 1 1.5 mL BERRERZ2 v (0. 2 mol « L") il 7 P8 VEIX AR 3% (40 kHz, 120 W) 19 &4 F %4
A 3 mL BSA % (4 mg « mL™ ) AEIRE N 25 C 830 150 v« min "By 24 T /EA 4 ho & -
BSA [ W% Fff &
1.2.4 & HBU1.5 mL WA (40 mg « mL ") 1.5 mL BERREL S vh il (pH (o 4. 2, WK N 0.2
mol « L) JR& . MR BUG A 3 mL BSA % (4 mg « mL™ "), fEIRE /09K 0,25,30,37.,45 C %%
BN 150 r e min "B SR AR 4 h BT mL SO R 43 RN BSA B W R
1.3 BRI E

HURE AR (40 mg « mL™") 5ESER R 22 vl il (pH {E 2l 4. 2,0. 2 mol « L™') % 5 mL B4 , i /5 43 il
JG s A 10 mL BSA ¥ (4 mg » mL™ ") W FEIR B 37 C 563 150 r » min™ ' W50 T4k 4 h, I |
W BSA TSR B L 115 BSA BB L. ) B0 N A 2 mL NaCl i (1 mol « L™ 4k % 2
min, § & 10 min J5 , #5080 _F3E WP BSA 0 . 40 A 0.2,0.5 mol « L' IR — A 4h
VWA E 2 mLYREERN 1 mol « L") NaCl, & LA 5055
1.4 SWAE
1.4.1 BSA BZREMMNZZx MHEEFKMEMECH 1 mg - mL "1 BSA ¥, 7 5 # B 2 20,
40,60,80,100,120 pg « mL ™", & B 1 mL A [F] 57 £ 4 B (9 BSA B A 5 mL 28 E 10752 05 0 T ia
P a4k 20 s ##E 5 min J5, 7EH K 595 nm &b, FI 722 B R] UL 43 0% o BE T 00 3L 0% O BE (R, LA
BSA Frifi th 2. F 2% 5 375 i e I BSA 175 1R 5 12t vk 2
1.4.2 #Tegesbodrs sk R KBr H 35X P g0 KR 47 2090 43 B » B — 2 & T4 19 KDBr
Al AR o 7 30 BB A v AT S BSCAR A0 P R R BRI A D B TR R L AR SR DR S 35T, SR 05 R R, A Shi-
madzu 8400S #U{# B 121 S A% {3 4.
1.4.3 BT RESHFTH  HHMEFFRE L mg TR0 WHHG BSA BRI FEL Fe, O, #EVEY
KoK F G RIEMAEN AR F AN, SUFE T LA 10 C « min "I EE, in#Zz 1 000 C.

2 HR5UE

2.1 WEMEARBLF IR M BSA 95 7

2.1.1 bt O T BIEREERETEAUOKRKL T RES BSA ZIA) K AR A ELAE T 20 BIA BSA(a) JR 5 ik
PEGIRRLF (b) (W BE BSA 1R JEREME GO BT (o AT LA 65 70 B, 85 R AN 1 s, (i 1 1 ml .
b.c ZLAMNECRE ITE 579 em ' B4 B B B WO L ity Fe, Oy BORFAEIE. 3 480 em ' Y 38 Wi 6 J2 — OH 1)
AR BIIE . 1 624 em 't C=O By Mg, X LEUELE b Al ¢ EXgHBL. KB b, c AR IEIREIL Y
Fe; Oy B 1€ asc WL fE 1 412.1 126,893 cm " B 10T [ 2 A7 AH (A0 . 32 W] BSA & 1 Wk B 310 5 3k w1k 44 K
GUASRES TR
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2.1.2 AESH D WROR BEREVE DN ARORL 2 TR BSA B E B . 53 08 R R G Ve A8 K kL F
(a) BSA-BEPEAN AL T (b) HEAT 0 A, 45 R N 2 o, i 18 2 ml 0 W B BSA 22 Ji5 9 1 4 40 KOk
TAHY R 4 D0 Hrp.0~200 CJ 2 1y £ 202 ok 7R Z KM F NI GKB R L5 E
f95200~300 C &2 1Y o 32 2002 th W) PRI FEAY BSA 51 R 3300~490 CR LM & 2 LM 51
BSA #4532 #4731 ALY 5500 ~750 CRERY TR JE i N2 BT IR 8970 i 512 19 5 800 'C Z Ja i 1+ 5t
WA BN o TR A T N, A AR A & A A O R TN Fes Oy i — 25 %40
Fe, O, 151 & 1).
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Fig.1 FT-IR spectra of several Fig. 2 TG curves of carboxyl-functioned and
kinds of materials immobilized BSA magnetic nanoparticles
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HE TR B BR N 12, 100, 3% 15 R BB ME 94 KR 7 1 1) T AR & BB AC W) A 1 8 DK T
HE A2 R TR 1300, X5 N SO E B9 BSA F W B ik JEAC AR A
2.2 A[E & X RETE AR BT IR BT BSA B9 3 0
2.2.1 myia ] CoO X RGP A RORE T I B BSA G R B9 B2 R A0 3 B, i P 3 T AE AT 10 min,
BSA W fif i (Q) HH I, 10 min J& HeAS IR FI -, Z J5 £ 40 mg « g "REPEAVRRL T BN Sl R W
PEGRKLT I BSA JZ A PR 49 1 R X2 Oy BSA i 70 i A K Lys, Arg, His S5 6l P 2025 1%
BRAE S MBE 1 A S5 5 W 2 KORE T 2 T AR 7 2 W B M PR T Fl T R R 4 R L RE AR /DN R T G
NFLAFAE o P 3 E JlF THT  BRE . TR i 0 WS Sl ) . 12 MR B Ao A ik 2 Lagergren — 2R IR Y 3f
120 A8 ZAUG AR 8 J1 2 07 L B Q= —41. 045 « exp(—¢/1. 414) +40. 84. . Q Fy WL 45 it
mg -+ g sz AW s,

2.2.2 BSAAnds Bk BSA BRI (o) X kA KR 7 I B BSA s 72 49 #2080 Al 4 Brzs. i
el 4 AT - B BSA )i oS e J3E 110 0 IR RS Q) s 8 . A 9 RO T 3 T 1Y R i T A g 1 1k
RG22, BS A 7 785 TR P £ S5 i e 2 R 1 490 KORE T 2 T 1o J5 i e 32 0 J2: Bl BSA 9K KL T K 1B
ZhEBh T, FE BSA 01 ie b W AR s 7 7 00 Rl P AN KORE T3 T BSA 5T i B 94 J3E 8 B P-4
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Fig. 3 Magnetic nanoparticles adsorption Fig. 4 Magnetic nanoparticles adsorption

of BSA effected by time of BSA effected by BSA concentration
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T 46 T 2 75 305 T A R 25 R B 57 Ak B BSA T ik 5 1 3800 P 98 B T 4 T R O 13 5
A5 BSA M. 24 BSA T vk HE i B — (R0 o 10 o 408 5 00 AV BSA TR 3 L 0 U RS
K. 2 e AT Freundlich W8 By B L B) Q= ke, stri . Q MM A0 HE mg + g 1k W
B0 5 R T 5 ¢ BB P T R BE g+ Lt 1/ 3K S R B 1 3
CAI A AT A Q=36. 846¢™ ™. 1/n ISR — A 0~ 1 LRI AN 7% I ik ik 3 U5 k58 £ 3
5. 1/ BN B BT 2 1/ 5 0. 1~0. 5 B . 5 FUR M. 30 BLA 13809 1/n $C{E A 0. 178, B4
R 40K B % BSA (1 0 W6 7 1R 3.
2.2.3 pHA pH {H R B PE KR T BSA i A0 — B0 [H 2 & R OLZE MR R b ok
T T A KT 1 43 OR A e o A A T 0 % 0 Y 5 3061 2 6 P 75 40 38 T 0 0 B i
T3 LK B . pHL (D 94 KR T B BSA 3000 4111 5 7. i1 5 7T %0 B % pHL {00 14
11 BSA W B (Q) 2 6 KI5 /AN 2 B« L0 0 A 3 2. K14 7 28 i 9 W S P 2 o 1
YKORL T BSA NI pH 0. BSA (040 5250 4.9, 2% pH (EAEF 4. 9 I, BSA 4 F .
R 20K T4t 220 4. 3770 pH (7 T 4. 3 I BSA 4560 by L AT LU UGT . 3L Bt A I A
pH i 4. 3~4. 9. & 5 B AT 1. 24 pH fHAF 4.9 BF BSA 0% Bt U L 3 2l F pH K T
L9 B R IEREEGY KRR T 15 BSA 4 [ B b 4 4 U 5 76 pH LR T 4. 0 B BSA ) 08 B 1L 2 ik
N F pH AR 4.0 B RIT 5 BSA B IE . EL pH DRI 45 bR B T ) ik,
2.2.4 A CHIREE O HIN 25.30.37.45 CHEBEHEGRR T UM BSA By 5. A 6 B %, fh
6 AT IR IE W 25~ 45 C I o HORH I PE 4RO T B BSA OB W0 R K. 335 % it T 58 3 A 44 K T 1
BEF BSA 75 J2 fA7 20 ) Y T J2 50 50 P B 50 o R B 52 4 T L 22006 4 - 1A 3 0 1 B 3t
TR AR (ELJ 5 5257 07 P o 5 T A BSA f0 35 i 0B . R 7R Y 9 3 o 1 i
I AR HE . 5 T S o K 2 2K 1 B T 0 3L XD L 08 0 AR T3 1 K % B

2 1 [ 7 AL 2 A4
200 250
/ e
160 | 200 | . , .
T 120 Ty 1501
ST S 00t
40 50 b
0 . . . ) 0 . . . ,
3 4 5 6 7 25 30 35 40 45
pH f& oC
Bl 5 pH H X P 98 KR 1 W B BSA i 52 i) &1 6 JBE X R 1 A oK R - I B BSA B 52 iRl
Fig.5 Magnetic nanoparticles adsorption Fig. 6 Magnetic nanoparticles adsorption
of BSA effected by pH value of BSA effected by temperature

2.3 BRMETFR
TEAS R i W BSA [ E A0 A RL i W 1~3 IRIIE B0 QN 1 s, @i 28 Gp) & SN T

SR I 1 ok B R T T AR T £ KRR BSA f# 1%

NaCl % ¥ *F BSA 1Y f# % K B8 1 Lk %% 55, 1 Tab. 1 Desorption of BSA by different salts
Na, HPO, X BSA (1 ¥ B 55 28 5 B 8, 3% 02 2R P /%

BSA BT R i 3 F2 4 FT1 2 e Jok 45 ¥ 1 o 7 1k 2Kk 3K

NaCl(0. 5 mol « L™") 0.12 0. 47 0.68
Na, HPO, (0.2 mol « L")  7.71 15.17  17.69
Na, HPO, (0.5 mol « L™')  8.85 15.28  20.06

SR JRE . i BE 2 T A4 R ORE 2 THT I BUHL ) L B
KL T 2R A1 1Y Zeta LA MUTIT R AR T~ 22 1) 1Y i
AR EL A 6 BSA ML 98 KL 1 A2 00 . i
VA TR 5 1 500 B 0 R /INBR T BRI B Mk B AT S A i BRSO S IS I B B T AN A5 Ok A R vk
- NaCl #0158 8 i i /T Na, HPO, %008 15k 2. [, PO S 3 fr, K F CU i 1
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. it 255 fiE W R B 4 38 T BS A g AT 2 BH S 396 . LI S I A R R O S 4 s L g AT G ) K
AN REAR Y X UL REPE GO R T 5 BSA B 45 A S LB AR [ . R 5 Z AN, LLE BT
i 5 A AR E PEBCR I B A R T A i 22 0k mIOR] .
2.4 HMEMAKKFS BSAHEER

BSA 5 2 3 3% 10 Dy RE Ak 1 R Pk 400 K s 7 22 [) 6 22 % f A T 0 FH. BSA i 607 A2 R 41 A, H:
BRI R A R L AR AE L R TE R SR R A R 2 E A BT 2 R R A
BSA g LSk 17 20, T R M 0 i A 2 R 5 R A &R BT o5 1) L A9k 16. 3 0. S5 L s fE pH Ry 5~7
B 30T ) At S S R T o5 Bk 65. 7 26 [ IR, 82 35 e L A M A0 KORE - B S HEL T 2O 4L 3. TE R T AR R
) pH AR A T B0 Ul 7R T 48 i sl iy pH S50 F W B B . 7E P PRS0 T L Bk s B IR A
Ve IE R AR o B 1 8 RO 1 B R A o T LAt S R S AR Bt B R U, AT 3 R S R S R T
R R AT L R W B R AN Y pH D 4. 2~4. 9 I ZE R R 5~ 7 BT i 48 BE R ] ks
Tk AR AR I SRR o 3 R 4 R A T A L R R B A AR K. B4, pH(E I 7 fE T 3L
BSA B o i (19728 Ak X BSA 5 8% P 94 KR (19 A8 B Hz 0 \BSA #5 (BSA 5 0k 45 4 B (9 B ) L ok
T 1) b 3 T R S Al 2 56 W ok R 7 A R

3 #Hit

1) LA BSA Jy HAREE H W58 1 8 BLR HL P 9 K kL 1 X BSA (9 W B 00 . % B I [A] \BSA T 5 &
JE  pH A A5 S0 WM KR W B BSA (52, I W B AT BSA IR 1 40 KR 11 A I 1
BLIEAT T WS

2) ZLT AR IR 25 A3 BT o W T 4 KO T HboKE BSA W B A SR L R M 40 K ORI BSA
IR AE A5 1 - BSA iRV BE ) 2 mg « mL s RETRAR BT B0 10 mg « mL 'R 25 CipH E R
4.0~4.5; g Mt e ATk 190 mg » g ' A

30 Hle 1k 4 KR W BE BSA JE L AT 8 Na, HPO, #43 Ye B T 3k, (H R REHE NaCl ZE B T ok . X iF — 2
Wt B R B T BB AL R PR A0 KB T 5 BSA I AH B A FIAS 2 7 58 1% 4 B B i R B A ER R ELAE L X
PRAE T BT [ 5 b ) e v ARIIE T H S [ i TR A RV AR e e DA T 4R 2 I 2 ) R R

S % Lk
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Adsorption Properties of Bovine Serum Albumin on
Carboxyl-Functioned Superparamagnetic Nanoparticle

WU Zhi-chao, CHEN Guo, SU Peng-fei

(College of Chemical Engineering, Huaqgiao University, Xiamen 361021, China)

Abstract: Using bovine serum albumin (BSA) as the target protein, the effect of time, BSA concentration, pH, tem-
perature on magnetic nanoparticles (MNP) of BSA was investigated, as well as the desorption of BSA from the MNP,
The results showed that the temperature nearly had no effect on adsorption process when it was 25-45 C. It reached the
max adsorption amount when pH was 4. 0-4. 5, and the adsorption process fitted the quasi first order kinetic equation and
Freundlich isotherm adsorption model. Na, HPO, had a strong effect on the desorption process, but the desorption rate
was still low of only 20.06%. This is because it is not a simple physical interaction but the electrostatic interaction be-
tween the particle and BSA.

Keywords: carboxyl magnetic nanoparticles; bovine serum albumin; adsorption; protein immobilization; kinetics
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= HEROTAE Y TWII8 /Y
BRAAEINEEFE

Ik, FAI, R, 2P

(R YR BE . fdd R 362021

HE: AN RIENBLIEATAEY W8 1 08 5T A& W TWOLS. I HT i 8 20 14 375 1 52 ) » 2% ¢
544y F EGFR 945 & Ko EGFR I A £ A& . TWI18 454! H-NMR, ¥ C-NMR fl HR-MS #
AR L. S50 25 R R . TWOLS X PURD i I8 200 L 2494 — 5 Y 00 1 335 4 (5L X X5 200 M B0 5 W 80/ 0 5 20 7 0 42
/s TWOLS fE LR we o Jy Sk, TR (5 4 1) EGFR {936 1V 1 48 ep 5 5 16 PR ARSI A U L JL IR AR A el 45 5 fE
N —46. 1 k] « mol ™" s TWOL8 A LA 42 AR A =X WY 2 400 8] DU b [l e 40 i P EGFR 2 1Y 338,

KGR ZEWBLEATEY s B ARG s DUMRIE I TN R

HESES: RII6 NEIRED: A

BWEH 1 B2 M0 T A 1 A e - U 25 WD OB © AR 8 CIERE S O A I S 25 1 AR T 2
FSAE R T I M BRI GO 25 R R AR A R A R A b 2R P R RS B BR
BT 25 W E i B L AR TR B x BA T IR I A A8 0 £ S 1) A R T R T L
B2 ieit T B KL e A= W vl 1S5 HE LB SR B SO L0153 01— AR A7) 45 R R R A T 1 s R 2 25 T I M
A= » LU B LAY S v 7088 T e SRR 2 P 0 B vy A R R B8 19 /N 2 1 L 1) 25 ). 2 i S0 A A1 0 1
R K 25 A8 DAk 5 DA HR 07 28 HR At e Ak B ) TW918 (a) oAb 2 24 B R N- (2 il 3 ) -6~ (758 Mg bk -4 - ik 4
) -2-Z5 WM - 3 XN Cog Hig CIN, O, S X2 7508y 439, A SCEZ TWOIL8 WY& M7 % ARt
fif g 15 1 .5 EGFR 2 [ 10245 4tk XA 7 F 2E1 7B 5

1 LEWES

1.1 RXFI AR

A4, 7-Z GV | 6-F8 HE-2-Z8 H IR R AR 2R e (i R RN A BRAA \DD 5 HoAth A i R Il 24 46 A b 2
AN FD s /N9 NCI-HA446 . A JE /N it 93 A549 . N & 459 Eca-109, A HepG2  IEH A
5% e ik 9 Rz 2 e HU VEC FLIE VR il 52T 2k 40 i MIRC-5 C_ L i Bk g 40 M ) ) 5 1F % AT 41 i LO2
FIE® AEE LR HEEC(ATCC) ; RPMI-1640 , MEM \F-12K 1575 5 645 135 & A i (£ H
Gibco A H)) s —HIIE A (DMSO) | U A e Eh (MTT) (£ [H Sigma A 7)) s %t A EGFR Hi ik . % i A
Actin HUH AR 2L A ALY B FR 0 E P P (EE Abcam A HD s ECL fb22 2RI & G2 R
W AR 5 35 AR B Je i B (ORI 36 © A B AR A R 2 A s THF (DY & K M) Al DCM 5 )
2847 -0 T8 5 T A 5 b 700 A SR S 4 o U A 28 A 2

TLC i e ARIAE 2 M ik e G B 1 PEA ) ) 596 FLANMI B 35 M (36 [ Coring 24 7)) 5 Q Exactive &l
= o BE A (3£ [E Thermo 2] s AV400 BUAZ 3R (FE[E Bruker 28 w]) s WRR G 554 CE G %5 B}
AL EABR A ) 5 CO, 85354 (3£ E Thermo 23 7)) 5 Infinite M200 %14 3 BEBE (X (B + Tecan /A F)) ;

KFHEE: 2015-02-09
WISMEE: Trom970-), 5 58 W+, T 25502 FH 25 77 & A58 . E-mail: wlq1599@163. com.
ESTE: HEE ARSI H(2010J01208) ; 4 &M AT R 1% 5 45350 H (2013Z35)
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HJ-4 R P9 B # ) 9t FEAL L0 4 35 T R 38 L B A0 & ) 5 BS224S Aoy R F (48 [ Sartorius 23 w)) 5
Forma-86 C## KR K46 (3£ E Thermo 2 7)) ; ChemiDoc XRS B EE K 818 & 4t . Mini-PROTEAN Tetra
C 74 5 B AL Pk 9 B2 B (Bio-Rad 22 ®DD.
1.2 TWII8 &AM %

Hirfb &9 TWOI8 By & sk 4 . inl&l 1 frs.

0
COOH A~
__EOH _ 0/\ NaH, KI, DMF 0
THSO, Cl o
HO

~ ~

1 P
cI N~ of N

o 2

o Dﬁ

Cl TWI18
BT TWO18 f4  B 2k
Fig.1 Synthesis route of TW918

1.2.1 6-#R-2-AWBRTE(DGAH KR FRILL. 88 g(10 mmol)6-IL-2-ZHHIRIA T 50 mL LKL
B BEFE T A 4 TR IR , 78 ~85 Cm#AmIiR 4 ~5 h. TLC Wil 5 h 45 95 « 8 B W v 20, 8 & B
IR R Y 10 mL R SRV . A R0k IR L 4N 25 L 3 Yk, Bk 10 mL, W B A HLAR I A TG K it
FR G B T 30 min JE IR BR 205 A5 2 kS B AR (1) 1. 99 g, 7= % 92%. 'H-NMR (400 MHz,
DMSO) 8 f#:8.56(d,J=8.62 Hz,1H),8.02(dd,J =8. 61 Hz,1.88 Hz,1H),7.86(d,J=8. 46 Hz,
1H).7.69(d,J=8.50 Hz,1H),7.22(s,1H),7.19(dd,J=8. 72 Hz,2.42 Hz,1H).6. 11(s,1H) ,4. 48
(q.J=17.01 Hz,2H),1. 47(t,J =7. 05 Hz,3H). ® C-NMR (400 MHz,DMSO),8 {i:17. 56,60. 05,
125.02,127. 04,127, 13,129. 16,130. 42,130. 64,131. 62,132. 04,138. 39,142. 37,163. 72.

1.2.2 6-(7-RoEk-4-B A A)-2- A TR LB (2) 84 % FRHL2. 16 g(10 mmol) 6-¥ 3-2-Z5 H fig £ TR
7T 50 mL N, N-Z H1 3 I Bt Jie (DMEF) . vk S 2292 3 fin & A 0. 48 g(20 mmoD) F AL 84 (NaHD [
DMF ¥ 5 mL, K HE 30 min ML VK. FRRERE 2E R 22 HASH 1.97 g(10 mmol)4,7-
A MR, M2 0. 33 g(2 mmoD) k£ (KD i DMF %W 10 mL, Rt #E 30 min, 110 'CF M 6~10
h. TLC Wi 52 7 45 305+ 0 B 278 780 L A 15 mL FR SRS 75 v A o B0 8 DR 046 3 Ok, B0 T 25 1 4 [
4(2)3.20 g. /=% Jy 85%. "H-NMR (400 MHz,DMSO) ,8 {8 :8. 76(d.J =9. 02 Hz,1H),8. 73(dd., J =
8.74 Hz,2.13 Hz,1H),8.36(d.,J=8.54 Hz,1H),8.14(d,J=8. 62 Hz,1H),8. 04(s,1H),7. 92(dd,
J=8.80 Hz.2.56 Hz,1H),7.73(d,J=7.04 Hz,1H),7.62(dd,J=7. 24 Hz,1.86 Hz,1H),6. 82(s,
1H).8.06(d.J=7.80 Hz,1H),6.84(d,J=8.54 Hz,1H),4.40(q,J=7.14 Hz,2H),1. 39(t,J=7. 21
Hz,3H). ®C-NMR (400 MHz,DMSO) ,6 {8 :18. 72,60. 63,109. 24,116. 07,119. 68,122. 50,124. 21,
126.47,126.65,127. 73,128. 74,128. 90,130. 24,131. 18,132. 41,135. 61,139. 76,140. 83, 151. 02,
156.20,161.08,164. 46.

1.2.3  N-(2-3R e R)-6-(7-2 e vk-4-B 8L -2- 252 F B (TWO18) o &, BRI 6-(7- G AR n bk -4 - gk
A -2-ZEH R 6 3. 78 (10 mmoD ¥F T 10 mL Z . vKIFHHE T . R &4 1. 56 g(20 mmol)
LFER (NaOEO 1 CFEIE W 5 mL, KIS HE 30 min, 025 0. FRIRBEIKE B2 28 A S A 1,08
g(10 mmoD) AP — e Z WA W 10 mL, Fit £ 30 min,78~85 C R M 6~10 h. TLC Wil 52 1 58 4>
S5 o B SN P L AR TR S B RN A R K 3 i AE L 3 K, YK 15 miL. Llﬁz%ﬁmﬁjﬁkﬁﬁﬁéﬂﬁﬁé 30 min,
I F I 2 0 300 PO TR 5508 T RE B FE I 50 AR LS 3 ¢ 1 ATl Bk © £ R £ R b G5 i A7 A
JERE 2T 4 B 15 3 1 8 AR (TW918)3. 70 g, =% 83% . 44 s fy 165. 7~166.4 C.'H-NMR (400
MHz,DMSO) 5 {8 : 9. 88(s,1H),8. 76(d,J =5. 27 Hz,1H),8. 46(d, J=9. 29 Hz,1H), 8.42(d,J =
9.03 Hz,1H),8.14(d,J=2.01 Hz,1H).8.10(d.,J=38. 28 Hz,1H).7.97(d.J=2.50 Hz,1H), 7.91
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(d,]=6.78 Hz,1H),7.73(dd,J=9. 03 Hz,2. 26 Hz,1H).7. 68(t,J=15.31 Hz,8.03 Hz, 1H),7. 62
(dd,J=2.51 Hz.9.29 Hz,1H),7.37(brt,J=8.03 Hz,6.78 Hz,1H),7. 01(t,J =13.80 Hz,6.53 Hz.
1H),6.83(d,J=9.03 Hz,1H).6.77(d,J=5.27 Hz,1H),6. 65(t,J=14. 81 Hz,7.78 Hz,1H),5. 00
(s,2H). ®C-NMR (400 MHz,DMSO),8 {£:110. 88,113. 01,116. 20,116.40,121. 11,121. 43,121. 82,
121.96,124.09,124. 65,125. 25,125. 64,125. 97,127. 30, 128. 50, 128. 78,133. 27,134. 23, 134. 62,
136.63,141.52,142. 99,151.27,156.41,157. 04,163. 29. HR-MS (+),m/z 3} 440. 884 6 ([M+H]",
Cys HisCIN; O, H' caled:440. 884 9).
1.3 ZAfEEEsE

NCI-H446,Eca-109, LO2 fil HEEC 40 iy 5 2 #: # F & 102 B 2 1L 7 (9 RPMI-1640 £5 37 3
HepG2 Al MRC-5 41 il B 2 2 R0 F % 1020 5 2R L35 1) MEM 15 55 3k 3 A549 Fl HUVEC 41 Jifg 50 )2 4 Fh
F& 1024 Mg 19 F-12K JE e, 23 50 B F 37 'C L5 00 4 fh i 5 740 v B 5%
1.4 MTT & E TWI18 3¢ BrhJeg 48 Ffm i 300 50 35 1tk

BT84 K 1 NCI-H446 , A549,Eca-109, HepG2, HUVEC, LO2, MRC-5 #1 HEEC 48 iy J1] {4 1
WA 0. 25 24 (1 R TH Ak , il B 1< 10" mL™ " Bk e Al F 96 FLEG A, A AL 100 L. 4l i 58 45 W A
JG A T AR B TWOL8, &40 3 A~ AL, B M X B 20 o 75 9 5 J8 (Gefinitib) , B PE X B4 Oy
DMSO. 731 8F 72 h J5 . BfLMA 5 mg » mL ') MTT 20 pL, 4FZE55 5% 4 h, FEEE SR A 150
p L DMSO, ¥z 10 min 45 & Yy 58 53 ¥ i F B AR AXAE 570 nm A0 5 4 L1 WO (R (B, R SPSS
17,0 BAR VT B2 B0 il vk B (1G5, . FAZ I 3 ¥k, BV M Ry e 4 25 3¢
1.5 HFINERGEERE TWIIS 5Z 4 #Es EGFR FEF A

iz Bl AutoDock 4. 2. 5 F % TWI18 5 32 (ki i EGFR #E47  F % . 318 TW918 5 EGFR
(PDB ID : AHJO)#EEH M B ih 4 G e BEE A 4 SR T &Y 5 EGFR HE 44 I
25 AR G2 R 5 2 AR IR (4 55 45 0 o 0 106 1k P9 5 TR 285 45 11 G B 3
1.6 Western Blot #& il 55 {& % & EGFR E QIR IE

¥ NCI-H446,A549,Eca-109 1 HepG-2 4L 5X10° 4~ « fL ' BB RE RN T 96 FLAR . 40 5¢
LG RE IS 3 24T A [ BE AL A (2.4,8 pmol « L1 TWO18, DMSO £ 0. 1%) , [ 4 % Bd
H 2T AR DMSO. 4525 48 h J5 W s 55 77 56, AT TR 19 1 X PBS YE S 40 2 W, B LA 150 pL
Western ¢ 1P 40 M 2L /% % - 7K I3 24 /% 30 min,1 000 r « min ' & .0 5 min, L4 FiEH . UL 12% SDS-
PAGE BEJEH UK/ B 5 0. BIK)G K B B ENE PVDF B F L5 YW IE 00 B M1 )5 . — 31 4 CEF i
s A BRI AR 0 B 1 — 0 S B ] 2 ho ECL 6 8 1 ~2 min, 7 5% 398 6 R 1L N
BEOG AL SE g T AT 3 IR

2 HR5®

2.1 TWI18 I & Ak

BN TG TWOL8 S — B (1% v ok 21 28 Y It e A0 A= 00 & ISz v 5 S R T JE 7K 2
PP 6-F23-2-ZR W R I R IR SE A s R 5 K HL 5 4, 7- G M WRalE AT SR O, P A A5 8] TWO18, Hop=
RN 64. 9%, BLIEBRAE AT  JFURHE B0 A5 RN AR L 5 Tk AT Tk fe A 7=,
2.2 TWII18 gk s By iE 1t

SR FH VY ZEm (M) 38 Ji i » w5 A /DN 40 i it 98 NCT-H446, JE /N4l i i i A549, & 8 Ji Eca-
109 FiF-#88 HepG2 DU fifygs 40 M A A, DA% JE 8 Je Sy BEAE X BE X B B bR Ak & 9 28 17 1R S 4 b g
TG PEVEAY 5 DAIE 5 155 8 bk P9 B2 4 s HUVEC, 40l LO2 W8 il 5521 4 240 i MRC-5 & 45 1 2 40
i HEEC 84k AWk ob s 25 3k 1 iR, & 1 a=3; 5HEFE ILH . a Fn P<<0.01,b
78 P<<0.001.

t 22 1 A7 TW918 X NCI-H446,A549, Eca-109 #1 HepG2 U Fh i 8 41 i (% 300 11 35 P 35 & 5 9F
B e s Hor ek BN M Bt AS49 FO T HepG2 20 i iy 30 1 7 FH 4ot . R WML &4 TWOI18 W] fig
LA W A o I S BT B T /R DL (X HUVEC, LO2, MRC-5 Fil HEEC P 1F % 48 Jf 1 &
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TWOLS AT A Je Xt € AT A4 i A1 P 1 S 555 ok ik 35 40 L RO P L U7 TWOL8 ARX 4 % 4.
F 1 TWOLS ob [ 88 20 M o T 6 240 M 9 R ST L BT (o)

Tab.1 Anti-proliferation activity of TW918 on tumor cells and normal cells in vitro (x=+s)

ICso /pmol « L7
NCI-H446 A549 Eca-109 HepG2 HUVEC LO2 MRC-5 HEEC
TW918  0.8840.74* 0.18+0.57* 1.0440.90" 0.39740.28" 107+4.86" 69.1+2.91" 74.6+1.86 110+0. 86
HFAE#E 6.58+1.43 3.71+0.97 10.36+1.27 5.374+0.86 83.1+3.84 10240.16 72.5+2.73 92.1+1.66
2.3 TWI18 5 Z (kB EGFR 95> FXF B 1iE
iz ] AutoDock 4. 2. 5 B B ) /N3 TWI18 55 Z (K il EGFR ¥ 43 X #. &l 2 e
AN BERFRW]  TWILS BELLBEAZ MEMR S Sk IR A J5 B EGFR WYTEPE D4R 5 ATP 455 7 k45 & (K
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Fig.2 Stereo view of TW918 bound in Fig. 3 Docking interaction pattern of EGFR
the active site of EGFR active residues with TW918
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Synthesis and In Vitro Activity of Naphthamide
Derivatives TW918

WANG Li-giang, LEI Chun-hua, QIU Fei, YANG Hui-yong

(School of Biomedical Science, Huaqgiao University, Quanzhou 362021, China)

Abstract: To synthesize a series of naphthamide derivatives and screen out one lead compound TW918, this paper studys
its anti-tumor activity in vitro. and investigats its ability to bind with kinase and the effect on the expression of EGFR
protein. ' H-NMR, " C-NMR and HR-MS confirmed the structure of TW918. The results of MTT assay showed that
TW918 had certain inhibitory effects against four types of tumor cells, but had less effects on normal cells. Molecular
docking revealed that TW918 could make use of the quinoline as head to occupy the activity pocket of EGFR deeply, and
form hydrogen bonds with the active residues of EGFR around it, whose lowest free binding energy was —46. 1 kJ *
mol ', Western Blot demonstrated that TW918 could inhibit the expression of EGFR in all four types of tumor cells in a
dose-dependent manner significantly.

Keywords: naphthamide derivatives; receptor tyrosine kinase; anti-tumor activity; molecular docking
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T HE I R A A AT ER s o amiRNA KK )72 1
1.2 RgEH%E

H AT RNAL 3K H AR I B A AN 43 J bR U, 2 R 7=l B A7 76 22 FhoAS [l 1 m 3, o/ 4
RNAGIRNA) A 4 % J¢ RNA (shRNA) 4™ i/ RNA (miRNA) #44&™ | A T 3/ RNA
(amiRNA) K [ shRNAmir 44N . 4 Rk ik 2 8] 19 K50 5 56 R 45 [ 2R AR 0 9 BB A 4 2 1 27 o

BLE T AL

BSR40 — R Tl e R S — AR RN 2E AR R AR 2 8] ) B AR R o b MEAR SRS BB L XK B TS S
AR e B AL
2 MR SHEREERYLE
2.1 #H5HE
RNA 38 F AR — 8 i )5 37 3R ME ST B Jo e #e i, Herr , Feak HE 2 AN 3R i B0 &% H IR

/N RNA FIEIE - 2RI TR o> Al I SCHE A B SCHE R A I 5 10 3% % H I/ RNA 19 & K751 L 32
¥ A . RNAT 238 AR B AR TEDT ST . 3k 1 s,

# 1 RNALI RIEEARRRMETT

Tab.1 Representative researches about RNAi expression vector

15 )& FKiEHHR % R T 413 R INEE D=9 Sk
5'-GATCCC-antisense- WEJ;H:I ?L;é]%{?.
loop( TTCAAGAGA)- pSUPER H1 — & [4]
sense-TTTTTA-3' RNAi % ik
AR TR AL
5'-CCGG-antisense- M T8 —A
loop(CTCGAG)- PLKO. 1 uUs — RNAi X%, [18]
sense- TTTTTG-3 SR
ShRNA 5'-antisense-loop(TGT AAVI- T TR ﬁE’J
%3k AAAGCCACAGATG SCAL U6 SCA1 ,«;jz/'\ W 1'?5 [19]
1k GGA)-sense-TTTTT-3' ™% (uf“ Ty ftH i B
5'-GATCCC-antisense
) (S an N M HIV-1 3
loop(CCTCTCAA —anti HIVE HIV-1 Fik WA E [8]
CACTGG)-sense shRNAs 2255 1 4 TR
-TTTTTA-3' ’ AR
5'-GATCCG-antisense- pL.SL SESN1/ Az A SIS = NN
loop(CTTCCTGTCA)-  Pmulti- H1 SESN2/ Y[R B F 5% (9]
sense-TTTTTG-3' SESN SESN3 LN Y
CMV- i 3 R R 3k
Pri-miRNA-30a Iin s CMV-IE — 5 — 48 RNAi £k [5]
AL B R AL
. “miR-15 . P 3 R 2R3k,
Pri-mmu-miR-155 SIBR sCMV NeuroD1 B 1 Ak [20]
RNA 5'-TGCTG-antisense- T % Wi 2L 3l 0 e T
R loop(GTTTTGGCCAC  pSMI155  CMV - Ty e » 55 1 A1 REN
ﬁ% TGACTGAC)-sense-3 R B 500
5'-AGCG-antisense- o
antisensc T 5% Wil 7L 3 4y 2 A
loop(TAGTGAAG — q\rag My — Sr#E . T 58 1k 40 [11]
CCACAGATGTA) S iy
-sense-3' B ﬁ&ﬂfﬁ’ﬂxﬁlm
Pri-gga- pLB2- A Renilla X4t 8 i 5 .
miR126 NP CAGGS luciferase wl v H T AL s [14]

AT RNAT 218 800K i p 3 32 20 SR IR L 7RI R 63k 7. i 2 228 X sIRNA 004, dy W2 57
(5 3l 1 58 RO 2% FR IR H A/ RNA BLEE P 81 119 73 1 22 38 0 38 MO IR (B8 2 A i 20 . B
Py B 2 A H AR ORI - H AT AR X 800 kg gt ad AR AN T8 1 () i Ji5 o 32 26 X %hRNAﬁ
R amiRNA #f& K miRNA 24K 3l 5 15— )5 8558 Bk e U H B9/ RNA P51 (9 5% 5% o 4 8 2o e 14
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B ARG SRR B AR M R L T A IS M R A B A T T S B H Y/ RNA AR SRR & B RT3 0 R
Ry 2 M R 1) FiRtY.
2.2 {ERAMLH

RNAG ik AR AE 1A P 45 T H0 1 T 32 2 500 ok P4 U2 3 86 A/ 0k 0 J R ik L T R
miRNA Fl amiRNA 57K 138 8% . 8 % i 41205 5 P Pol-11 Ji 2 775 % miRNA/amiRNA (4] 2%
¥ (Pri-miRNA/Pri-amiRNA) % i, #£ Drosha [ 1976 Fl F J% % miRNA/amiRNA [ i {4 25 #J (Pre-
miRNA/Pre-amiRNA) , iy i # & 9 (Exportin-5) iz % & 40 it I , 3£ 7& Dicer B 090 L T % g 24 1
miRNA/amiRNA, 7E 5 RISC-AGO & & & 19 35 W /E F R P8 45 5 mRNA [ 813 (& 1(b)OY . 5 H N
shRNA 5 siRNA {4 () 7 3 i — B il Pol-Tg 8 75 5 4% 5% B & siRNA B FT R 454 (shRNAD ,
Z JGTEML TN B Dicer 25BN T UK BUH sSiIRNA T siRNA K5 55 1 84 BURBUY siRNA) ,
B J5 72 RISC-AGO & & R i e [l fE T & FERE 7 ¥ mRNA 4 Y (B 1(b)).

A s A 7N / / \
P2 ' ~
H -4 cB RISC-AGO ™\

/

‘ S 4 ’ 1 2 5 ,_@_ N \\__..
H i)/ RNA 241 pr— M S ==
RNAi #5541 / 2 ' mRNA Fifi
B [ -,l RISC-AGO "'
H L [(Reew ™ 3B
A B 7 N “\. 03=—> %4—»5? —— BRI ".'
H /1N RNA 51 i o B\ 4 N RISC-AGO.
BEFES R . /,;:» \. 5oy 3/”,
= AR HIR p— mRNA Pt
= AR > \zmn@@% ﬁ
ESI RNAi F5 8% — -
(a) H#Ed (b AL

BT RNAG K 80 # R & 5 15 AL

Fig. 1 Construction and mechanism of RNA interference expression vector
VR s
3 BERSE

3.1 deEM#EHE

4K ORI B RTIE 9T 5 2 10 AR AR A % A HL AT S MR AIG L T A IR A Bl o i S R AL
1A B9 R 40 0K 0 200K 3 26 10 1) VEGF-A (19 shRNA FORE 2, F T £ B8 1045 A= A 3 2o Jik
Jo PN S A i LA e R A S T A T A AR B A 2R R L 5 A L SR i — TLE O
T GK URL I % A H S BT shRNA TR IR Y IR 20 Oy IR BEPRIA YT 2978 T kAl
3.2 AEHMK

UEAERE , 20 BR VR Bl QBT PR b b AT RNAL R 8K 03 3% R G 47507 R 40 B A 5 19 RNAI
Fe AR AL AR Py N A% B TS AT HE BR IR YT M 40 B 8 0% 30 5k KR ZR Gk A ORI A
S8 T TR R FE T FL S 4 b shRNA (433 . H AT DA 2% 28 55 S 6l 19— 3R
I 3845 P 25 T 9 1 T00 L LE AL T I PR AG T B BT B e 2 A0 Uk E B JE AT R AR BT R T % shRNA 2%
A 38 2o 00 1] S 38 40 o TR A7 A L 020 T R ) A B R T A2 sl W I AR R
3.3 mEHGE

Jod B B AR RNAL R 3K 20 b i S5 )2 I3 26 R 40 » 8 G045 IR 3 | 3 7 SR 2 18 005 7 L
FE OIS A5 b, RS 5 A 3k BRI I I AR 56 v R AT AR RS B B 0T R B R R AR D RNA,
THE RNAG P IEH BT e Ah B i 0 — 28U B A 3% R 40 . LR EAT R I 4 R M e ik

55 2Z AL S IR AH G5 B 2R AR 1 RNAG 45 Ry B - J0 B I Z0m P L 1 HL RNAG 28 38 HE 3% 368 %6 /)y
(RS 5 IE AP R AR T BL 0% 3% R Ge B 45 /NI BB e Ah R S S R nT A A RN
AT R IR FERe i 1 RINAT SR, H91 A7 fiw 200 XoF 4 56 DR 41 0 o % 356 DR S8 i # e flge ol 7 B R o
Wik (R 2 A ik — 2 5E 3.
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4 FiRMHA

4.1 RNAi XFE

RNAT SCHERE AT f2 FLIERE RNAG I 257 [ 35 4 435 16 45 5% 1 JF 50 g 5 e 2
I P ) 2 T A B RINAT 2 800 00 20 RN SR B 2§ 7 7 ) 490 MK 0 B 3
LI L0 LR 1 1 T AREF A 8 RINAT S £ A8 J L3 90 36 D8 48 60 B 5 o
SRR AN 25T 25 R 5 25 0 A 7 TS 1702 L.

FI 36T RNAT K8 RNAT SCHE BRI U0 2 R 28— RNAG 00" 6 B 25 570 6 38
Hehty ShRNA 5370 K BEFAT IS T A JF Jy amiRNA 5 RNA 5P 1 51 P A 32 0 147 11
.

# 2 T RNAI FIBHAKR RNAL SCFEFIE

Tab. 2 Available sources of RNAI library based on RNAi expression vectors

— g FEAE
HE 24 3% . . IR IR SCHik
ST mik 2R e P i TR
MISSION 5'-CCGG-antisense LK ) 159 000 MY EEIA, http://www.
TR‘(‘ v i -loop(CTCGAG)- I())ll B U6 #lm 16 000 AP A A openbiosyst [18]
- X sense-TTTTT-3’ ’ F1 15 950 A4~ KL iE 3t K ems. com
Silence . http://www.
11 500 M 1A, . ;
Sel — — S T > sil select. 2
S)‘e(eﬁit s U6 W A5 000 M5 epE S eniz;el ect [32]
b 28 500 /M4 H 1k . :
Hamnon i ionsenscloor DSUR gt M 9 600 4~ A LR, (Ol Spring
. (GAAGCTTG) G-MA 052 us6 e Harbor [34]
S sense-TTTTT-3' GIC i 9 000 A Laborator,
LRNA e 5 500 RN Y
s
I . 200 000 ﬁy@ﬁ:’ http://www.
(Jejrclejget . pSIF &%  Hl ¥EEO4(ZO?)02\¥%£%§%]; systembio. C.om/ -
HL ] 39 000 A BLIG 25 B rnai-libraries
< g http://www.
DECIPHER o 27 500 P . .
e — pRSI 18J%%8 U6 Ekaﬁﬂggg%@z%\mﬁjl\f{ﬁ declphrel:g)/rOJect. —
. http://www.
Hannon . . Wi S 100 000 /™ H4) E 44, . -
SRR V1 miR-30 pSM2 Al U6 8115 28 500 35 [ openbl:ss;stems. [35]
. http://www.
Hannon . pPR Wi . 20 000 ¥ A, o ]
SO V2 miR-30 IME  fits CMV #0110 000 A3 openblggzstemm [36]
. . . http://www.
amiRNA GIPZ . e < 96 000 ¥ H {4, :
miR-30 pGIPZ 1845 CMV ! openbiosystems. [35]
PR PR #I) 18 200 AN KL A
TRIPZ 159 000 4 74, http://www.
3 miR-30 pTRIPZ 18457 TRE #yi 16 000 4> openbiosystems. —
N BRI 3 R com

4.2 BERRFE

RNAG 1% 8 (A0 1 e AR5 1) 2y BE 1 1y 51 400 o B S DR 382 3k 7 2k IR D) B AT 5 O Tl k4% 3 o 244
F S U 2 R 0 WS 25 N6 97 OR B O SR A T — AR ST SR 40, Zhou SR E U Y & 9 HL
HPEAT R SMITSE 2R Al shRNA # [ 0B 28 7L Sk 80 7 JsUle 26 [ E6 R E7. 38 p53 & pRB H A K
BLR L MCM7 H1 pl6 H 1H Ik A> » Ji 40 A 38 58 AN HORE ) 3 IR L #8717 6 R E7 3 IR 7 5 U 1
A B A R AR L BL T shRNA SRk SATE 38 N DY REF 5 b 19 L R . (E R AP A i 2
ROV F R m BT B R4 L 2 B A R T 2 A shRNA 00 43 78 i) [R] — ik PR ) A 2800 4 AR
R 1) PE TR A A A RINAL 3K A 1) 13 P 5 <22 42 vl &
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4.3 HEEAE

FE ISy e RNAL 63K 8 1 55— B0gr vk 52 A H RO B o A a8t 10 5% 2 1R s 35 A 5% SR T K
UL/ BRU B R AR v T A AR S A U 5 b R R R, R shRINA 26 38 2 0 0 2 5 A i B /)
B o 7 76 7™ B 1) JBE S 500, B A M A e H AT E B W amiRNA 3K 2R BT AC, 385 i 1 A7 i) m 5
P B e R IT R A0 AT 38 5 s O S ] o 2R T R TR Bl W O R A B T SR A SR TR Bl W R A ) S
FE T IR RNAL W 43 T R 8 35 R 48 I, Dow %5038 2 £ 4k LA miR-30 2 &35 8 22 1
amiRNA ik AR F amiRNA 43 F 31t [6 0 25 6 3 45 A 5 00 & 2R s (RMCED , #F— 25 248 T
RO /N U R 0 R RS 0 s Ry e B TR 3l 0 1 v R R R T — b L 28 T R AR vk

5 mAESERE

RNAL $ AR Ak S SCFEAZH PR B AR T PR R B e R 22 5 19 3 — H S B DR 4% T B, 02 H Al o
S R AR 5 DR R SRS RNAG SRk R S0 T F 3tk /N RNA KL = 28 % 4 0 g
Fik BB A B RNAL RIRBRBAFEFEZ MG . D S8 HE M shRNA SR AL 78 19 41 i 2525 A1 T 38 N
PEPE miRNA S8 (0] 5, amiRNA 44 (9 Fh g 5207 PR 28 80 ) 1 45 52) i AR A RNAL £
SRR B A T8 6 B/ RNA 9 2 5K 18 E0ME KA %00 25 1n) 3.

DL RNAL RIRBARI R G002 B, 5257 b 55— shRNA FIKHAAFIEE — AL amiRNA i {KH A7
FERLAL N TR PE miRNA SRR B 40 b B o U 2o Fir & 40U B /N T 5 & e R AR B2 4L |l T 0t
PRI AR RNAL 35 204 B = B8 10 R0 20 bn v DLECHE BE sIRNA 24k shRNA /K . miRNA %
R amiRNA ZAR A shRNAmir 21455 2 5 0 BLAY 73 28 24 FK 31X 45 4% 20 1Y B304 358 5 R0 B 00 1k 24 10 1k
AR RVETERRT. K RN AT IR BRI R G853 FA REALFE XS A I miRNA 3R 3K 1 42 i 185 400 72 2
M E > WA REHR A H B B A — S5 A L ORSE | S5 [R] I 45 5 LAt MDD RE HEAT R g0 28, S Ttk 4R i
— 5 T A SR AL R R M ) R R G K U 1) sIRNA A - R 1 38 HE Sy A
SIRNA, B8 577 A2 i siRNAG2) shRNA ZR-FUA ) R IBHE R shRNA L 577 Y5 24 Dicer 25141
fifE i Tr7 4k i siRNA;3) amiRNA B{ shRNAmir #/4- 25K i F2 35 H8E N pri-siRNA (Bl pri-amiR-
NA) 5% 53 7= )% 4 Drosha Ml Dicer JSRUBGHIN T 7% A4 B2 siIRNA CHI B8 amiRNA) 54) miRNA # A -
WARMFRIEHE N pri-miRNA, ¥ 55 77 ¥) 5 4 Drosha il Dicer i hn T.77 4k i3 miRNA.
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X RNAL 23K B B AE A= 9 15 A1 W 388 16 28 90 B 6 DR VRIS P Ay ot B 66 DR 25 2 U 2 D 0 i ) F 52
PEJE AT 253 0 RNAT 238 8 B 2544 2B K 1 2 S M N A TR AIL A 26 47 09 98 23 7 i il T 5
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Research Progress of RNA Interference Expression Vector in Mammals

HOU Ying, CHENG Zhi-yun, WANG Li-giang,
XU Rui-an, TANG Ming-qing

(School of Biomedical Sciences, Huaqiao University, Quanzhou 362021, China)

Abstract: This paper reviewed the non-biological and biological delivery systerms of RNA interference expression vector

as well as the major applications, and cleared the application prospect in the area of gene regulation and gene therapy in

the future, and also pointed out the limitation in the species-specificity and expression efficiency etc. This paper summa-

rized and analyzed the structure composition and development evolution of the RNAi expression vector as well as the func-

tion mechanism in vivo, and proposed the classification based on the dual attributes of structure composition and process-

ing mechanism.

Keywords: RNA interference; expression vector; small hairpin RNA vector; microRNA vector; mammals
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po 73 R BE A R L TC 5 A AR B BC AT 3% 5 ., D A0 i A 5 2 S 00 L
#1 S8

Tab.1 parameters of columns

o n, N, /kN {/mm 0/ % 0/ %% o/ %  fuy/MPa f.,/MPa  f../MPa

RC1 0. 39 484 250 0 1.45 0. 88 393.0 345.0 25.8
SRCI1 0. 20 697 300 3.95 0.75 1.55 272. 4 339.9 34.3
SRC2 0. 20 697 300 3.95 0.75 2.42 272. 4 339.9 34.3
SRC3 0. 20 697 300 3.95 0.75 1.61 272. 4 339.9 34.3
SRC4 0. 20 697 300 3.95 0.75 2.27 272. 4 339.9 34.3
SRC5 0.20 697 300 3.95 0.75 1.61 272. 4 339.9 34.3
SRC6 0. 20 697 300 3.95 0.75 1.61 272. 4 339.9 34.3
SRC7 0. 20 697 300 3.95 0.75 1.61 272. 4 339.9 34.3
SRCS 0.20 697 300 3.95 0.75 1.55 272. 4 339.9 34.3
SRCY 0.39 666 250 2. 40 1.45 0. 88 393.0 345.0 25.8
SRC10 0. 36 609 250 2. 40 1.45 0. 88 393.0 345.0 25.8
SRC11 0.35 571 250 2. 40 1. 45 0. 88 393.0 345.0 23.8
SRC12 0. 38 609 250 2. 40 1. 45 0. 88 393.0 345.0 23.8
SRC13 0.38 837 250 3.52 1.45 0. 88 393.0 345.0 31.0
SRC14 0.32 692 250 3.52 1. 45 0. 88 393.0 345.0 31.0
SRC15 0.11 411 300 4,53 0.75 1.19 309. 6 513.4 25.9
SRC16 0.23 882 300 4.53 0.75 1.19 309. 6 513.4 25.9
SRC17 0.29 1096 300 4.53 0.75 1.19 309. 6 513.4 25.9
SRC18 0.22 877 300 4,53 0.75 0.78 309. 6 513.4 29.0
SRC19 0.23 877 300 4.53 0.75 1. 86 309. 6 466. 1 29.0
SRC20 0.35 1316 300 4.53 0.75 1. 86 309. 6 466. 1 29.0

1.2 H{BWER
L2.1 s FrA sk o o 7 42 ) 4B DX i A= 7 it O » EL7E 7R 48 07 38 38 W (i LA i 5 AR AL A 3k
BB, AR 1/250 {LF8 Ay o HE AR B2 il 25 O Bl (32 B Sy 10 35 DR AN W8T 5 Ji 5 £ 1/100 4%
FEEE S A7 T AR 5 32 o DXV R A A% B s AE 1/50~1/25 S0 M B L A7 TR XIR B AR 2 0T 16 1R R
Fs Wk 9 o 1 56 B 0 tE ] S AR AL 5 £E 1/20~1/15 (78 M B L IR BE ORI 2 231 7% 9\ R L 7K
B B IR AT 2R 800 LT L iR 28 1k
SR (19 I AR L2 L A 2 R,

(a) RC1 (b) SRC8 (¢) SRC12
K2 MR R AR S
Fig.2 Typical failure modes
1.2.2 ey SO far 2000 B8 Wi ol 8, A0 18 3 B, dy &1 3 ] 8« 75 Jed R A 28 LA I i (] it
BN HEZ HERARETEH/N s 7E i Maer 2 LA - Bl 25 57 5% FR A 388 o, i [ A8 1 T B 32 7 15 K, o B
W2 FF 46 228 0 3 IR AL IR 42 LB LA A 9 3 el il 48 /] D) & B - SRC #F B b RC A B (L 8 i T R 1k
fiE 5 Bl 5 TG 99 28 A9 38 0 T 1] A 728 75 0 R 1R G , FE B BE ) 4 9.
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Tab. 2 Calculation results of the axial force distribution

B oY% . 0=1/250 0=1/50 0=1/25(1/20)
O Oa Os O Oa O O O 0Os

RC1 0 0.39  86.13 0 13. 87 83. 89 0 16. 11 - - -
SRC1 3.95  0.20  81.50 14. 22 4.28 —17.80 7.00  79.97 20.03 0

SRC2 3.95  0.20  80.73 13.78 5.49 114.75 —7.97 —6.78 76. 80 23.20 0
SRC3 3.95  0.20  85.85 12. 25 1.90  116.19 —11.57 —4.62 88.68 11. 32 0
SRC4 3.95  0.20  90.79 13.92 —4.71 109. 07 —14.23 5.16 95.02 4.98 0
SRC5 3.95  0.20  80.74 17.32 1.94  118.82 —12.94 —5.88 81.84 18.16 0
SRC6 3.95  0.20  81.85 14. 86 3.29 147.55 —49.08 1.53 - - -
SRC7 3.95  0.20  74.90 18. 31 6.79 101. 10 —15.70 14. 60 83. 24 16.76 0
SRC8  3.95 0.20 87.78 11. 82 0.40  118.90 —14.22 —4.68 92.19 7.81 0
SRCY 2.40 0.39  81.17 5.10  13.73 74,37 13. 82 11. 81 — — —
SRC10 2.40 0.36 52.21 34.02  13.77 82.81 9.25 7.94 60. 50 26.70 12. 80
SRC11 2.40 0.35 60.21 21.04  18.75 81.43 4.91 13. 66 — — —
SRC12 2.40 0.38 78.55 9.46  11.99 86.12 6.79 7.09 — — -
SRC13 3.52 0.38 53.24 31.69  15.07 63. 40 26.25 10. 35 - - —
SRC14 3.52 0.32 55.76 37.51 6.73 92. 26 10.86 —3.12 — — —
SRC15 4.53 0.11 63.11 31.70 5.19 119. 82 —13.27 —6.55 54.98 45.02 0
SRC16  4.53  0.23  49.46 44,70 5.84  104.05 —4.05 0 77.93 22.07 0
SRC17 4.53 0.29  49.80 42. 64 7.56 97.53 2.47 0 — — —
SRC18 4.53 0.22  60.09 35.12 4.79 98. 56 1. 44 0 81.32 18.68 0
SRC19 4.53 0.23 51.9%4 40.92 7.14  110.43 —10. 43 0 87.57 12. 43 0
SRC20 4.53 0.45 50.16 42.48 7.36 102. 81 —2.81 0 85. 44 14. 56 0

3.1 AR fA i 5
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Experimental Study on the Axial Force Distribution of
SRC Columns underBearing Axial and Lateral Loads

WANG Zi-yi"*, LIU Yang'*, GUO Zi-xiong'*,
JIA Lei-peng’?, CHEN Qing-meng®

(1. College of Civil Engineering, Huaqiao University, Xiamen 361021, China;
2. Key Laboratory for Structural Engineering and Disaster Prevention of Fujian Province, Xiamen 361021, China;

3. Xiamen Tefang Construction Engineering Group Company Limited, Xiamen 361000, China)

Abstract: Twenty-one 1 ¢ 2 scale steel reinforced concrete (SRC) columns were tested under cyclic loading to investigate
the component of axial force at different story-drift angles. The axial forces carried by the shaped steel, the concrete, and
the reinforcement were calculated separately based on the test results. It is indicated that. the axial force carried by the
shaped steel decreases initially and then increases with the increase of story-drift angle. The proportion of the axial force
carried by the shaped steel is 20%-40% of the total axial force.

Keywords: steel reinforced concrete column; axial force; axial compression ratio; shaped steel
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Numerical Simulation of Tulou Rammed Earth
Structure Deformation Characteristics

XU Yong-xian, PENG Xing-qian, LIANG Lan-di

(College of Civil Engineering, Huagiao University, Xiamen 361021, China)

Abstract: Using the finite element software ANSYS, the overall structure models of the Tulou rammed earth square Tu-

lou of Jiu-sheng and Circular Tulou of Qiao-fu in Yongding County were established and simulated numerically. The simu-

lation results show that the maximum stress of rammed earth wall is under the measured stress peak of the material, its

structural strength meets the performance requirements; in circular Tulou, the distribution of stress and displacement va-

ry uniformly with the thickness of wall, indicating that the circular form is more reasonable. The weak parts of the Tulou

rammed earth structure are point out, to strengthen and maintain of the Tulou.

Keywords: rammed earth structures; Fujian Tulou; overall model; mechanical deformation; numerical analysis
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Nonlinear Analysis of Steel Tube Filled with Steel-Reinforced
High-Strength Concrete under Column Eccentric Compression
GUAN Ping', CHEN Lan-xiang', LIU Qing-qing®
(1. College of Civil and Architecture Engineering, Dalian University, Dalian 116622, China;
2. School of Civil Engineering, Shenyang Jianzhu University, Shenyang 110168, China)
Abstract;: To analyze the mechanical properties of steel tube filled with steel - reinforced high - strength concrete

(STSRHC) column under eccentric loading, analysis of eccentricity, slender ratio, material strength on eccentrically com-
pression were conducted by the finite element software ABAQUS, and the formula of bearing capacity were establish by
regression. The ABAQUS calculation results agree well with and experimental ones. Slender ratio and eccentricity influ-
ence significantly the eccentrically compressed mechanical properties, the influence of stirrup ratio is less than the influ-
ence of slender ratio and eccentricity, and influence of the material strength and the shape of steel is the smallest; the cal-
culation results by the formula are in good agreement with the experimental results.

Keywords: steel tube filled with steel-reinforced high-strength concrete; eccentric compression; ABAQUS soft; mechan-

ical properties; bearing capacity
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Trend of Construction Cost Information Management in China

SHEN Hua'"*

(1. School of Economics and Management, Tongji University, Shanghai 200092, Chinaj;
2. School of Civil Engineering and Transportation, Shanghai Technical College of Urban Management, Shanghai 200438, China)

Abstract: The present situation of informatization of engineering cost management in our country and its shortage are an-
alyzed, the informatization necessity of cost management information is discussed. Based on this discussion, the develop-
ment trend of the engineering cost information management in our country in future is investigated. It's shown that; at
present. the integration level between the engineering cost management and information technology is low in our country,
the domestic information technology can be innovated greatly; high combination between information technology and the
engineering cost will be the development trend of engineering cost informatizaion management.

Keywords: project cost; informatization; trend; cost management
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Impact of Communication and Contract on Multi-Project Objective
Managementunder the Agent Construction System

WANG Yu-fang, ZHANG Yun-bo, QI Shen-jun, XIANG Jian-ping

(College of Civil Engineering, Huagiao University, Xiamen 361021, China)

Abstract: Fifteen key factors affecting objective management are extracted from two dimensions, both the communica-

tion and contract management. Based on three aspects of assumptions, the structural model of the impact of communica-

tion and contract management on objective management of multi-project management under the agent construction system

is established by applying structural equation models. The relationships among communication management, contract

management and objective management of multi- project are analyzed quantitatively, through questionnaire survey on

scholars studying the agent construction system and excellent agent construction system multi-project managers. The re-

sult shows that both the communication management and the contract management have the positive remarkable influence

to the objective management, and there is significant correlation between he communication management and the contract

management.

Keywords: communication management; contract management; objective management; multi-project management; a-

gent construction system
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Fig. 1 Evaluation period and evaluation index of urban residential district carbon evaluation system
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Study on Low Carbon Evaluation Index System
of Urban Residential District

GAO Tao, WANG Jin-ping, LIU Qing

(School of Mechanical and Civil Engineering, China University of Mining and Technology, Xuzhou 221116, China)

Abstract: Based on the characteristics of single goal, quantization of low-carbon evaluation of urban residential district,
goals of low carbon evaluation system was designed. The planning and design stage, construction (final acceptance) stage
and the operational stage are selected as three major evaluate stages of urban residential district evaluation system. Mean-
while, select life cycle, each stage, the main energy system etc. are selected as 10 evaluate object, and set the appropriate
low-carbon index is set for them. The method of simulation value and actual value of carbon emissions of each object is
built, and each low carbon index is calculated. Based on the cut-off point established, the low carbon evaluation is divided
to seven gradients.

Keywords: urban residential district; carbon emissions; evaluation system; low-carbon index
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Construction of Stale Univalent Convex Harmonic
Mappings and Starlike Mappings

ZHU Meng-kun, HUANG Xin-zhong

(School of Mathematical Sciences, Huaqiao University, Quanzhou 362021, China)

Abstract: Studying the geometric properties of stable univalent convex harmonic mappings and starlike harmonic map-
pings in D={z || 2| <{1}.we construct one class of stable univalent convex and starlike harmonic mappings in D by the
way of shear constructure with k-convex analytic functions. Our results improve and generalize the results obtained by
Herndndez, etc.
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A New Recursive Bounded GM Estimator for Regression

CHENG Li-hua's, ZHANG Jun-min®

(1. College of Science, Xi'an Polytechnic University, Xi'an 710048, China;
2. College of Science, Xi'an University of Architecture and Technology, Xi'an 710055, China)

Abstract: A new recursive bounded GM estimator for regression is proposed. Unlike other GM estimators, the new esti-
mator is based on one more general framework and uses a cost function with bounded M-estimate function. The new esti-
mator,in effect, is a recursive one-step iteration solution of the "normal equations" corresponding to the cost function. In
the new estimator, a weight function is designed to reject or to reduce the influence of the outliers. Furthermore, by in-
troducing an augment variable. the proposed estimator is modified to a very adaptive version for the estimation of autore-
gressive parameters. The simulation results show that both the proposed estimator and its modification are more effective
than other related estimators in suppressing the adverse influence of outliers; the proposed estimator, with the same set-
tings, can keep a high accuracy and stable convergence performance in a variety of non-stationary environments.

Keywords: generalized maximum likelihood type stimator; robust estimation; autoregressive parameters; additive outli-
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