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Experimental Study on the Effectiveness of Alcohol Fire Extinguishing by Water
Mist Containing Additives

LIANG Tianshui, LI Runwan, ZHANG Dandan, WANG Zongying, ZHONG Wei, ZHAO Jun

( School of Mechanics and Engineering Science, Zhengzhou University, Zhengzhou 450001, China)

Abstract: In order to investigate the effect of water mist containing different additives on the alcohol extinguis—
hing fire, exting experiments were carried out on water mist with different urea concentrations, potassium salt
and FC4 additives. The average fire extinguishing time of water mist with different concentrations of urea was
compared under the same conditions. Comparing with water mist, water mist containing 1% urea extinguished
the alcohol fire in the shortest time, the extinguishing time reduction rate reached 44. 63% . Water mist with
K,C,0,*H,0 extinguishied alcohol and kerosene fire in the minimal average extinguishing time, the extinguis—
hing time reduction rate of fire suppression were 31.35% , 73% respectively. Water mist with KHCO, extin—
guishied alcohol and kerosene fire in the maximal average extinguishing time, and reduction rates were
6.75% , 57.56% respectively. Water mist containing potassium extinguishing kerosene fire effect was better
than to alcohol fire by contrast . Of all the compound additives, Water mist containing 0. 05% FC-4,1% urea
and K,C,0,*H,0 with 0. 2 mol /L. K™ extinguished the alcohol fire in the shortest time. And the extinguishing
time reduction rate of fire suppression was 87.90% , the effect of fire suppression was remarkable. Compared
with the above analysis, water mist containing compound additives was the better in alcohol extinguishing fire
effect, and can realize extinguishing fire effectively.

Key words: alcohol; water mist; urea; potassium salts; compound additives
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Fig.2 State response under the proposed

controller in this paper

x(1)

0 10 20 30 40 50
tis
B3 ETFEERERAEIRTS0D R ik

Fig.3 State response under constant sampling method

12

I

08|

041 |

02}
of

P i .
0 10 20 30 40 50

t's

e(r)

B4 ARTSXN B3R 2= 06 B th 2%
Fig.4 Response of the state observer error
3.2 WMEMETEZERFREREH
A AN PT R BEYE ) HoAN A A



593 XUFBLT , 25 BT W0 35 1 ) 26 42 1) 22 38 7 i BORG e 4 A v 13
12 0.4 =
. 02 e .
6 . = :
L 02\
X3 ® o4\
=0 06| /
-3 08/
% : : . . %] : _ : .
0 10 20 30 10 50 D a0 L &0 10
tls tis
. ) E 6 ZEmai ghik
5 Bl Fig.6 Response of the state of the vehicle
Fig.5 Response of the control input o
. . : 0l .
Uy ISR BE T4 R GEI 2 25 b 7R T DL o\ "
ﬂi\‘yﬂ [15] : = 0.1
R 0 op g 0 g T2y
O O > n "0 2 0 '
.0 0 m gl O% 0 MD 0.4 ff
O- 0O q oo 9 QL; e 20 10 60 80 100
w0 b o 0 1m.00 o O ’ v
90 o 0°0 O 0 o «
0, O mg(M+m) 0 0 m [ 7 {BISLIRNG R i
B) 0 q Uy U ; [l Fig.7 Response of the state of the inverted pendulum

Rt x() = [0 % onon]T NRALER,
IR N LI 1S A N4 B Y VA > AN 91 ANE SV
A B RUA R B w R AN T 1
m=1 kg, /N R M = 0.5 kg, b 2 FF R it
g=I(M+m) +Mml*;1=1 m, JIFKSE.

B B 5 R O RRE I AE d( ) e (0. 1,
0.2) . s [ )

0.3 0.7

L4 2 T 2, 7500 2R 2 4 F MR 1)
A UL 08025 5
K

L= [1.6048 4.396 -68.1567 -24.3340;
K, = [1.36008 28447 -43.4151 -15.04941;
F, = [0.1026 0.0166 0.0017 1.0503]";
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Abstract: In order to tackle the stochastic time delay and state measurement obstacle in networked control sys—

tems, an observer-based mean square exponential stabilization controller was proposed in this paper.

Firstly,

the considered networked system was discretized by variable-period sampling and was modelled as a Markov

jump system. Then, an observer and feedback controller was constructed. The mean square exponential stabil—

ity of the closed loop system was shown. The observer and feedback gain was given by solving linear matrix in—

equalities.

Simulation results demonstrated the effectiveness of the proposed method.

Key words: network control system; variable-period sampling; Markov model; observer; mean square expo—

nential stability



2018 4f
839 %

5 H
5§53 )

AN 2 R (T R

Journal of Zhengzhou University ( Engineering Science)

Vol. 39

May 2018

XEHE 1671 - 6833 (2018) 03 - 0015 — 07
AL F AR TE R AR UL 18] & A /Y Rz A 408

v 1 > =1 ~ 2 D v 1
2o, &, BT, B
(1M R TRESE B, Il R AN 4500015 2. WP R T2 Bt H0 115 B2, il /e 46 450007)
i OE: 4bxt KA R BG4 B AT O 0 KAAE AL Bk AT T B B 69 o7, T BN H ikttt
RRO LR SRS AR B E N R KIS AL R R R R AR R

R F 77 @; M E ARG A AT % 0930 & Rk AT Rk R BRFe b B AL Rk, 5 1) s RALARARAL
Foim MR B 45 B BAMAC TR G-I T ks B A T B AT RAUARARAG P AL 0 JUAS AR 503 5.

KEIR: RAAEKACIT AL, B E Ik, WR die; FrERAandsqe; FEMR R 4k

FESES: TP18 XHERPRERD: A

0 35|

AR 2 LA Tl e 2 DT B ) 8 A R pl hy
ST IR L. V25 ok 2 A R D i) LA T L B i
JRHUREAIE A Te) RE SR EAT KA, ] 4 K el ) 2R
G~ KRR BT USRI A NS A 19 2% 18] 2 4
E AR LRI A R i B DA T ETBAOB R o, — 2
2SR D AN RET L S B it 2. dmil JLAERE
WARAAEVF 22 SEAE A ZH A Ak ) /8 EHUS T AR K
R T, E K 2 SR BE ML AL STk A T 2
“UERCIAE” . BRI, T B 2 2 AR ) AL B0
BEAT T 2R U 26X, O BT R A
i) R0 2R T E R4, Ul Special Session on Evolu—
tionary Computation for Large Scale Global Optimi—
zation , Bl 7B (000 15K B8 Kl 7 T AH G IR R
F H.#E IEEE Transactions on Evolutionary Compu-—

o}

tation « Information Sciences Soft Computing. Applied
Soft Computing 25 {1t 75 31 1] th F1 5 1% J- A R
i) 5 PRI 5 8, S 735 H ST 5 4 ) T 1

1 HExRIA
RFBARA ) F AT AR (1) &d:
min/max F(x) = flx,,%,,"",x,) , x € X. (1)
X, X C "R AATIRAR: n R 8 R )R 4L

(BPP R RmIIANED) 56 = (%,,%,,°05%,) €  "&K
IR 1 X — WK IR —AN N n 4 23 0] B

ks B #3:2017 - 05 - 04; 4£4T H#:2017 - 08 - 22

doi:10. 13705/j. issn. 1671 - 6833.2017.06.016

B 4G N AN F(x) RS AR S 0 H AR B
B AU B R R AR AN — KT
100" 3@ 3 1% %) 1 000 4 LA _E.
2 BRRFAE

FESVETF AR B B, SCk (2] 45 B T &1 KM
A5 1) 50 AR ) G A v 5 T DA AT R kb - e a.
TR TS5 1 = AR 43, — MOk 10 3 1 SR s T
LL3 2k W RS P[] 3 A0 S s R AN 73 2 SR 1 [
WAL SR 2 Hh 20 76 SR ms kA o, 35 22 A2 4
TR AZ 2% i f0 At P A s ARG 4 Ff 2 1) i
— B T AN 2 SR S 3 ] — Sl R ) S g ok
P A At A 258 P AR TS AT T A8 e KA i)
B R fE.
2.1 FEVBUFE

PORERIEIE 7 vk E B FE LT 5 25 BEAL
E B OE S W8 U715 R A T 1R A B AR Y
RV BEAL AR At B o B 74, 3R, 7 TR K
TSR AL, ) {00 ( ke S8 B HE Ik 100) B, 3K R 46
O AN, SCik [2 ] BB T — S AN
IR T B0 EEIIF 5.

TERENL I VL, BOIRCHS FH () 2 A FH B AL %
A LA B 17D 5 R L 2 ) B A 1) T A
R A 7 AR 1 50 3 A 1 05, A B2 ) A 6
PRI OL T, — A B3 20 B R e vl LA 3 vk
R WI R R e . drdesE, 9920 Xl as ik iy

BETE {5 1 RF A HE A Y 5 H (61673404 ,61473266)
PEB B Ir R (1981— ), Lo TR N N B PH RS 8%, 14 2 i, 32 2N Sk A vk ST B8 55 1 5

E-mail: liangjing@ zzu. edu. cn.



16 N K 2 2 R (A AR

2018 4

VAW TR R H R L TR oy S A M
s o AR 4% 1 SOk X 4 a5 VRS v R U
S SILRE VR AL A B A N R VR TR FE AR BiE
— SO IR ) S 0] B TR I AR A T k. S
Wk 314 T AR G 8 FhWIG 4k 72 5 DE
SRR g5 ) B g AR AT et e 2
CEC’2008 .
2.2 Ao HKRHES

P R R AE AN R B B R e
AN 5 1 SR A i AT A ) 750, e LA, o KRB
A ) 0 S T S e — Tl EL AR I 7 vk
2.2.1 FARZ AR

—FROR AL, A AR SRR AT 8 E T AR
AR S AHE 0 T KRS i) 8, A AN AT Z 2 A
TE i 4 2 8] A L R M. E R UOE AR RE A, S0k
AN R SIC, BRTEE TR — AR 2% 2 SRS AR T 22, AN
B I B (1) 7 1) kAR L EEAEAE R P A T R R
SCHR (5 T3 TR 1) 2 ) SR, 3K = A S L
AN 3 ) P, AT UG A RE 1) 22 R, DR KE
RN DE Sk i e R RUBEAR A4 1] 5. STk (6]
Pt 7T O ) 4 2 1 DE S0 % Sk H
I~ X 0] 2% 3] J5 15 ( generalized opposition-based
learning, GOBL) ;" 2E - 48AMA , F DE §325% 7 4E
AR T O, B 1 s 4 AR SOR M
SRR b o YRR, T I i

x* X x* X
T i B e HY
b —a a b —(b-a)2 (b-a)2 a b

(1) GOBL-SSHR! (2) GOBL-SIHER!
X x* x* x
G t t >
a (a+h)2 b k(a+b)y-b k(ath)-a a b
(3) OBLARY (4) GOBL-R#AY

E1 4 NRERS YR %S a
Fig.1 Four different GOBL models
K1 o35 Fom 7 SCik (6] s Al i 4 A
GOBL /i a R R 25 [ 1) 5, b &om
R W S, T GOBL-R AL F R R
— M RIE AL 2 k=0 I, j& GOBL-SS #i%l; Y k =
1/2 W, 4 GOBL-SI #54; > k=1 [}, & OBL ##
R TR T 7 AR AN RO 5 R R SRR A
BEAT IR
2.2.2 HEFR%
JADE J2& Zhang J~ 2009 4§ H #5842 5 S Al
ANERAF R SR AT 45 4 1 138 R R AR AR
SR R RAR ) A 2) A

— . P
Vie = Xig t F, (xhcst,g

i,g - xi,g) +

Fie (e, —X,,) (2)
qex, FRoRE g AR i DA rL 2 RS
{12, i=1 i+ 1, NP} g S il B P A
ANTR] PR U 2 B TR 0l I A AN K 38/ HE
H11, INHT p%o (/AR BEHLAI I AME A X1, I
Hop e (0,100 ] F, & x, Yesg 52 -

AT LA Y A BRI, R I A mT LA b
RESEALTT o) S BT F A 05 8. 8 LA S5 iR AR
85 P 2l i A RE AT A7 B R AR S “DE/ cur—
rent-to-pbest /1 "5 ) & H X (2) A0, x,,
MNP U A P REHLE R A A,

SCHR (8 JIUIA T T % R BEASE 4 Jm fe Ak 1 3
2 2= 43 R A6 AR 18 48 R 55 ( sequential differential

evolution enhanced by neighborhood search,

SDENS) , 5k E 253y W 73 O S~
PRI o FS R 4 S S8 A 2R S 7 A AN S A
s (A4 P A0 77 2 1 S 56 A A 3k
W3 3 1R — I A 3 ) =2 A R P A 4 ) 4T
Sl 2R SR WA SCHR (8 1 & — P R AR e

— K, DE /target-to-best/1 5 A8 W& ( 40
3(3) FroR) EZEA E T JF K (exploitation) |, Bl T
A A A 2 ) [FIRE ) B A R X B30, IXRE I
MRS SO B Das 2575 SCHR [9 ] h ik T
DE /target-to-best/1 582 WS, $e HH T DN RAL K
s Joy 1S A0S R 4 o &0 .

Vie =Xic+F (Xpuo - Xig) +

F(X,0-X20) > (3)

I Xy o RARAE IR G PR SR A B L
2 e (1,2, N}, Hizrl 2

Jr S 18 i 5 A v g (I A A AN AR R SR

&

A7 AN A TR ) Je . Ot Ja B R R
m(4) -
L;,=X,;+a- (Xn-hcstw -X.0) +
B (Xp,(; - Xq.C) s (4)

s AR n-best, ( K78 X, o BB B ACAAE; 4B
KN Ekpge li-ki+k]l Hp#q#i i
A2 i) R IS &0 358 ) e D0 BT, R s TR R 75
JIVHET , XA 538 G Bea N JR) SR A

4= 581 5, 58 A8 4 )5 U DE /target—to-best /1 58
AR N BT o A1 B X AN L PR T, 5K
(5) Pros:

G=X+a (Xc-X) +

B (Xic—-Xae): (5)
BERSIZ AN SEAZ SR, SOk [9 1R — AN



553 1 GE, Al WA SVEAE KB A [ 8 0 3 ] 2338 17

Fw e (0,1) &I A B RAL G0, 41 =X
(6) PFron:

Vie=w*G,;+(1 -w) * L, (6)
2.2.3 AEFR%

SREIVAS IR ST L SRRt R R7 WS
AL 0T T4 SR DA I o) R EG 3 288, AH 2 I SR —
FBcA Jo B AT ARG 4 vl e T LA Yang 47 3Ciik [10 ]
AT R AL, ) RS 138 N S WS BEAT T
JE Sttt TR S AN 5 B T
MH N 2 5y A ( generalized adaptive DE,
GaDE) . — ¥ [ 18 N S ) LU 3 oA 2 kT
Jet R ) PR R MR 23 A B U ) R T R
TR U] ) SR — 2 5 |k — S8 30T (W 28, 1 Hoax
SESHAE RS LT e B LL LN ¥, IDE A1 DE-
GL Sy 2 F i 28 58 0%, 1 SaDE. SaNSDE i1
JADE ) Jg T~ 2 Tt 2 23 A1 1) B N 7 k. AR IR
R AR 2 BUME 2 AR A — MR 40 A B
BU™ A 1) R R A R B R 2 5 B 1 S 4L
TEAHREAE DT — R 1R 23 A A A T % T ok, H
TP AT A . SR (10 ] b3 H i 18 3 Y 5K
P 5 2R T ML 00 A (0 SR mg . 0 T — s
E WIHEAL S B e A — A5 Tk HAR R
ESHA e [A,,,A,, ], RS HTEE
AR L AN E N I RN K 7R L1 N S B VA
W AN AEFVE I S HOR T L A8 2.3 44l
S AT Y H
2.2.4 BHEEER%

SCR (11 9055 T R 3 48 R 19 3 4 2 Rt R
TEALAL SV ( dynamic multi-swarm particle swarm
optimizer with local search, DMS-L-PSO) ¥ & 1| K
B b, JF A5 T R4 2R DMSPSO 2
R AR5k 45 K 408 KA 3 AR 22 /N FPRE , X 48/
TTE R AN [0 17 2 4 S Bl A EE 2, A A S
AL IR P, FOREAN W AT 3 e AT TR R A R T Ry
FAE R SR 2 A TR R FBEAR AL ) P — T A 28007
%, R BN EEN R R e

R ¥ 48 2R K W i N DMSPSO §1 3% -
OBFL AR, AR /A Pl 3 37 8 A 30 47 HE 7, F H
P2 VL R Al R e A0 A il IR Tl R Y R
25% ;5 QFEIR R G ) 45 R L ) FH i A vk o ol
ENNEEErN 7
2.2.5 Frehteions

TERR PR FAARA I E, 58 T 70 S5 1R Sk
HIMAHT S0, Cheng SEARIR HY T — 2837 A AEAR
B BESE TR Pt A ) . Sk (12 ]9 T A2

25 2] R T BEAL AL 5725 ( social learning particle
swarm optimization algorithm, SL-PSO) , AN[F]T4: it
ML B A A6 55725 ( particle swarm optimization,
PSO) A H] Py s A5 B0 (AL H5 3 A4S Bl (0 de o
global best F14E AN FL 1) JJ7 2 £ A6 A B personal
best) SEHTRL T, B 5503k ) & L i =2 i AR b B
BT AAE ), B2 207 N & 2 fos.

HEF AR
1 2 3 4 5 [§ m
AR 1
BEAME TR AR Ak
1 2 i k n
WE %

2 SL-PSO BI# B HIF RFIITA
Fig.2 Swarm sorting and behavior learning in
SLPSO

T 0 2 AR A& Y A AR, R
I SR VA R N TN A T b VA S R R A N QIS
2 PR I3 RIS AL R A 5] Sk (13 1)
P T 3% 4 2% 3) 57 ( competitive swarm optimi—
zer,CSO) , LA 25 i Fft 1 o il P A AN 4K L
B AR, SR I ) EE R 2 20, IR 38 F AN
MTHARBEN N — A, K 3 Pros.

FEEP()

FOBEL(1+1)

E3 CSO m—pgif%e
Fig.3 The general idea of CSO

2.2.6 AR RS

SCHR (14 T 207 /N o 4% 2% S ( minimum
population search, MPS) ,IX A~ 5§ 3= E & 51 X £
A ).y T 3y MPS FEfif ok 20 B2 ) AU (1
Phfe, SCk (15 ]38 7 BB 8 ( threshold con—
vergence, TC) 523K 5¢ A 7 TG I B4R 2R (ex—
ploration) . MPS {41 Fi| 7 AH X5 /)5 [ B B > 2 v mf
PN, Bl N B 3 I AREOB 2, PR LY
GRS TR L i o N N N R P - A ot
FORREE S0 n — 1 2R~ 11 OB fl ™ s 2 JE P
SE SCIRTER -1 77 AR E MPS &R AN FORE R 52



18 N K 2 2 R (A AR

2018 4

(7)) 15 A mTaa e
S, = (rs, * bound/2,rs, * bound/2,---,
rs; * bound/2 -+ ,rs, * bound/2) , (7)
e S, R AR s 2T - 121 Z 6]
BEBLEL bound JE4EH b A
B {E 4% S 8) BB
min_step, = o * diagonal * ( [FEs — k]/FEs)”,
(8)
e o B EEE RIS AL G FEs J& B vED
OCHG AT LI (PP I y e F5 1) AR 2 ik
KIS H( 1F: max_step, = 2 * min_step,) .
MR (9) A AR
trial, =x, + F, - (x;, -x,) +0,,, *orth, (9)
e g M, 235l SCAR AR I AMA S AAR R R L
R F, BN [ max_step ,max_step | 3517341
(I RERLEL. A 7 8 O 7 A 0 3 kR g A 1 Y
WL I T AL T
FERFAARAR ) R 1 T390 T 4%, MPS
PRI A 2 G 0, 73X 8 58 T ) B R 25 A VT A IR
KA M A PR O 7 88X — R ] %, MPS
PRI R /N K 22 3 A5 /N i 2 10) Progs:
pop_size, = init_pop * (( FEs — k) /FEs). (10)
2.3 SEARER
73 2 SR ST K T R R KRS ) 00 At i —
FAN /N B 7 10 8, 43 ol A A A 571 ) i
7 AR . SRR TR A 7336 SRS B L2 11 Des—
cartes 7E 3Lk [16 ] 4 H (¥, 5 5k Potter 75 3Lk
(17 T A 20T 43 20 55 W 70 K RUASE 10 78 1 K At 7
125, %t T A HE4L( cooperative coevolution, CC)
SRR Sk bR R AR SRR I PR e
IRV R SR M A1 0T i A 2 AL, 4 AT
NG TR AE 2 XA T VEAE R R AN BT g3 5 43 w]
G 1) R IR 32 SO T 7 A a6 A IS 1K) 23 A O
REARANEGE , I LA A SSC 2 S s A 3h & 70 21
Tk, AR A 73 2R 2 ) B A 3 4.
2.3.1 ATHSS;EGWRE T
Potter 7 3CHR [17 ] 42 W 1 Py ) 1k A 38 £ 55
7% ( cooperative coevolutionary genetic algorithms,
CCGAs) ,{HJ/E CCGA Fil CCGA2 RAfrH ik 30
o 14 1] . 2004 4 Frans 25 7E SCHR [18 ] h
FEAZ A FURL 7 BEUCAG SHVE (PSO) AHES &, $2
T CPSO-SK #iI CPSO-HK. CPSO-SK ¥4 4%/ 4 K
B YO [(n/K ], T PSO STidixt B34 1)
YEHIEAT B, BAR CPSO-SK wf LAk v AL i
(EJEAE— 203K o o h e So e, O T S T

I 2LAT PSO (AT & i 11, CPSO-HK L3 P Fh 57 1
giaid ok, —H oA CPSO-SK 5%, K CPSO-
SK S e AL A BE AL 25 1) PSO AR AL 1 M R
S A I 1L
2.3.2 A TFaAamethR ek

X AN I3 i JUR i i 2 20 ALRCR A IR
FEANT] 73 B B8 H T, vk AR A AR — 2 A
BRAR(IEMREAAARR) , A R AT AR BRI
AR —H A — NN, &5 R IR A BE Sk
Bz /.
2.3.2.1 BENLhA&S 4

Yang - 2008 4E7E 3Lk [19 4 78 i1 1
[A]3E 4L ( cooperative coevolution, CC) HEZE, [&] i ik
BT A A HEng . LR R ) CCRE R
FR BN A LA A 5 0, 3X e e v B4 T AH HL G Ik
RRAZ TP AE— AU B L. BEHE LY 32 2
RUZHE n e HAR ) 850 B m A s 4RI 7580
(B n = me«s), A EA SEX 783 24T
s L AR SR U)o AN 1 A R
AR, U — S R AT UL

SCHR [20 J6f sk (19 ] b i Sk AT T S0k
P T H R £ 2 P [l 57k ( multilevel CC al-
gorithm, MLCC) , 38 2 4 1] — AN 73 it it >R A 23 201
AR /N AT EL B bR B0 2R 10 BE N X% . MILCC 53092
AL 2 R 3 R AR ELAE P2 i AN T 2% 18
H b 1) R A A6 B B R s STk [7 1A 411
JADE SEVEA AL T 73 20 S s R AL 1 7 1%
SRS DIORS B PR P8 i 7 . TR, IR oy ik
AL DU At R0 A S50 0k ek e AT T KA A
AT R A R PR e Li AR SCR [21 ] o )RR B AL S5
AL PRI BEAL s B O AT I AR PSO L 42
th 7 CCPSO 573k, JF H T i aEREH T CCPSO2 4%
7, 5635 7 CCPSO S, Al HoAE 2 000 4k (1) 1] il
A IR B I BE
2.3.2.2 ETFEINESAH

AR A BEHL > 4 TS T 28 70 4R Ui AE
filf R R SR AR AR S 1) B LA A A A 2
AT A AT A RE 58 A X 23tk Ol T i
PeANTT 53 ) 7 I HL 92D v A £ 22 T i) AR . 5%
1, Ray 7 2009 4E4 iy CCEA-AVP( [ 3d b AJ AR
3 DX 1) By [\ 33E 4k 55725, cooperative coevolutionary
algorithm with adaptive variable partitioning) . % 5.
PRI R RN T FR v EA S0, B A M (i
N 5) YGEAR & P AR i A2 — ik,
A I 50% RIS SCHRFERE , OF Hp 22 573
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JREATHRRE. AR R RN T — A
(LI A A 20 B TG 5 SO — A R, 22 )5
(B GRACHAE AR B F FLAR OGP 4.

SCHR (22 ] g5 T R R 2 ] A LR R
[ —NTERTYE “best 7 HATIEALMHE  “new”
A CC HIEIUALER ¢ 4EJE MM “rand”
e BEAL AR Hh 38 6 (A R AR IX 3 A Ji £
HEBTI AR (1) Bos:

new,, ifj = 1;
X = {
best,, otherwise,
new,, ifj =i,
X = [randk, ifj =k (11)
best,, otherwise.

B flx) o fx) (PG AL, W 4E 4 0 Fn
AHH SRR R R 22 385 .

Omidvar 753k 23] EI AT A = (5,
Byvee8,) (Horht n FORUERD) IS A5 VA I
(A7 B A ] — DX TA) PR 4 A, AR5 R T AH . & (1 1E
X PRSRAR S AT HE e, AR TG i SO 4y A R
ot P AR T AL A SCRR (19 1 ep i vk xe B AL gk
TPk, SCHk (24 1A 28T 55— R 24 S 45500y
75, 8 R AR B2 0] 4y, Bg o
JroR:

SESC R = (2,05, 0,) KR RREOR
Slx) BT, Mla, vy, AR SR Ve = (-,
Xy 2%y K s ) > HABE YV, x5 e S,
Va, e .U A ) <P MVx;eS fla) <
AB) K a = (ama,n) WB = (e,
...,xj’...) a = ( ...’x”...’x}’...) B=(a,
Xym) axy a0y # s WU IR SR ANTE AL,
x; K, AN G5 bl e SO g AN AR 2 TA] A
Al Gy AR, A8 SE B e @ P A BT X T
AR R, B LASCHR (24 ] 32 H T Hodi o 38 28 5k
W, () =AAB)) = (fla) =fIB)) <O, WA
J [ AR AN T] 4. Mahdavi 76 SRR [25 12 T
il k ZRE I AR 5k, B P AR 0y i T AN ]
IR 47K

3 MR &

BT R AR TERE , — T G — I
BORINA. STk (414040 T B3 KRB AL 1) 458
ff) CEC’ 08 % il 23 1L o $ M ik 2. CEC” 10 % 1
S IR RO A 5 v I A ) 0, 20 A
TR R K. A T S M AR 2 S ) FE L) B

R S 31 2 AL I LA SR SR A B e 46 (1
M, $E 7 CEC™ 13 fl il e £ 4. &5 CEC” 10
IR AE T2 CEC” 10 % 5 (9 AN AT 23 1~ #8231 K
NEIYEE R T CEC 13 IR 35 552 s 1) LA AN AT
T35 IR /AN AN 8, AR A2 S ) o ik JEE A
SATHTIX Gy I HA Ry PR WA P E i 7
Hh I B A A 0 TR e AN B A e
CEC” I3rp A5 7 15 AN ok 20, 1X 28 01K o
BIAT A R e e i

4 FIEXfEE

MR % CEC” 08 F1 CEC” 10 Hy 1 pRy
K, FEIR A LERE 1 000 4E A8 TP OB
SR &5 5L A8 6 P A3V AR e K VP A VB
(), 0 B AR AL 45 AT X .

KM CEC” 08 il il % 1) 3= 245 CODE. sep-
CPM-ES. CSO. CCPSO. DECC-G. CDECC. MTS.
CCPS02 . EPUS-PSO. DMS-PSO. MLCC. ik [21 ]
Hoks 4 v €SO CCPS02. MLCC. sep-CMA-ES.
EPUS-PSO.DMS-PSO HEAT T XLk, FHF HRHT T
R 7 vER 45 B HEAT T gi k. DMSPSO 1] LU #Efff
MR A RS (A SRR AR, oA 5 AN BRI
LERHIEA CSO 4f. 78 5 MLCC LRI, % T B
5 fy MR 2 R 2R , MLCC B AL T €SO, i il ik
PRI f, /& shifted Rastrigin function, B4 432 11
Jr il s LA, MLCC ot o 53 41 1) A A AT 1 02
Ty A AR S 16 5 5. 1 CCPSO2 [ i Sk 2 X
JUANE L P R . sep-CMA-ES F1 EPUSPSO #¢
CEC’ 08 [f3I3R 45 B AH Lb ok Ui JF A 4. Sk (21 ]
[ A R T A 56 ok S s Ik 45 3L, PRk CCPSO
A — L2l P B e SO S35, B DA SCHR o BF
ANSHEAT T I, SRR U, B T RS N
fy» CCPSO2 [k % L DECC-G {1 4F. SCik [24]
B 4% H T CDECC 1 MTS 7% CEC’08 |l
S5 0%, I A Friedman K550 T 5k 2 M2 A A
W ZE S, JLE AR N 0.05. It 4 SR 3k B
CDECC 7 p& #5 £ 0 f, b 45 BELASUE 76 o f2 A S,
WA MTS PERELE AFJE N # B B2 5.

{f FH CEC” 10 3k o5 £ 4 = 247 DECC-DG.
MOFBVE. DECC-DML. DECC-G. DECC-D il ML-
CC %47k ik (23] =2 Xtk T DECC-DML.
DECC-G.DECC-D F1 MLCC % ¥ (r) ) ik 45 5,
DECC-DML 53541 20 /NI s 2045 Rh A7 14 A
R E 1R B L DECC-G f1 DECCD if, % 5 ML-
CC Mt A 12 A~ e E p) Ik 45 2R L L4y, IF
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BAESCHR (23 ] i FH 22 G2 AT 1 1 2h 2k iR
Sk mMERE. SOk 25 ] 322 E DECCDG Hit MOF-
BVE [f1%} bt , MOFBVE 5314 7 AN ek £l 45
kb DECCDG L5  (RIE AR R 4L f,, F fi6 T DECC—
DG &5 R L ir.

5 #it

BHELE G T ILA KA 1 H 5
V5 PR KA i A0 3 S T s B M s PR S )
Bt A R LA BOR Ay K 1) R R PR Rl
2R ST T AR A S ) R U6 ) T i 2 AR
N 25 VA 1)l SR AR AR P 1m) BN 6 2% R A A+ 23
R X1 P [RIRE A S A, A2 b2 A2 5 m] 32
T EE K 1 e

(1) 73 LA Tr) L. bl [ 3 A SR 2 i e K
FRAE ) 1) 75 9% AHLAE , YRR B 2 [A) S A5 )
r BT B R HE A S oF 5 AR 2 T 15
ORI E 77 7T 23, (H RS % 7 I AR Bl 2
{OEEATTBBEYI 1PN

(2) A=A 2> M A AN T 7 ) . 7K 2 2
PHEII B8 RS T A A i vl 23 AN T 23 ), 3
S i A P — B P (R BE AR 5 VR ORI ANt X
TAREE R i A, S AR B o A LG s
FERS AT I3 Iv) L, AR 1) 4y 5 AT AR — A
i

(3) AN VAT FRI A B K. A S B ), — A
2 38 B 5 #7343 A (KA iRy o, CECT 13 K
FURLHEAL e LI B R A 0 2R 1k et 7 s

(4) SN e o) @ 7 bR Sk, WA
G5 RE 1 000 R, KABLILAL Jr ik m 37 e ok
FEARRMEFTTARH)— D FEIREEZOR.
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A Survey of Evolutionary Algorithms for Large Scale Optimization Problem

LIANG Jing', LIU Rui', QU Boyang”, YUE Caitong'

(1. School of Electrical Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. School of Electric and Information
Engineering, Zhongyuan University of Technology, Zhengzhou 450007, China)

Abstract: Based on the characteristics of large-scale problems, large-scale optimization algorithms were gross—
ly analyzed. This paper introduced some methods for large—scale problems. The methods included the initial—
ization method, decomposition strategy, updating strategy and so on. This paper mainly focued on the search
strategy , update strategy, mutation strategy and cooperative coevolution. Meanwhile, the characteristics of
large-scale optimization algorithm testing function set and evaluation method were listed. Finally, the future re—
search directions were given.

Key words: large scale optimization problem; evolutionary algorithm; cooperative coevolution; population ini—

tialization; benchmark function
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HAREH A% B3 SR B B s

BOOE, BRRKC, AMEET, sl

(L. BTG 2 TS HURE 3 2 B BE 76 7522 710119 2. Sl i ok % W60 T F 2 B T 3% 45 M
213022; 3. BT A2 WIBE2E 154 R S0 BRI 9522 7101195 4. FJr RHEAE HHEERURE 5 T

TR, TR WY 518055)

#  E: kAR ALAL( brain storm optimization, BSO) ik & —Fb#7 35 64 BERT S8 E4L T %, A RAE S
J AR VAL RAL AL AR AL RK A R Rh B R R A T KRR AR A i
BRAC T A AR R 2R, FE 3T ARk B R BAAG ik A B AR A1) o 49 Sk i AUk AL Sk b4 g Bkl b
A 35k Ji RIRARAG S i 0 BT S TLIK , A6 BEIR S ARk SRR R ) S AL 91 A 55 T L A 9 21 IR AAT T &
04 428 B ATk I R B Bk A F it — AR e P AT T R

KRR KRB KR KB 48, SRR, KBt

hESES: TPI8 XHkFRERD: A

0 3|35

S v A ZE A AL ( brain storm optimization , BSO)
SV RO IR AL S R
5 R R AR B0 A T V2 R B 475 i/ 4
P o BT BT VEIEAT T Rl LA 23 I TR
L 25 18 PEATDNS B L (R 8t 30 3o o) 5 SR A ) e
DR AR (R B AT 70 A, AR AR SR A 1) R A1
SE A R T A AR AR B R 0 A 1 0, S A
SRR 1A LA (1) 25440 ( landscape) , 75 A SRAR 7] 55
S OGB4 M SR A ) . BSO 5505
LTI 3 TR TR AR5 18, T AR FR)
At A2 H AR, e IS AR A, LA SR A Rl R AR
BOA R Ry R A — 28R RN B LS
M e S0 B DAL 10) RBUAILATE A A 22 1] ( solution
space) b (3 &R B U0 AH A48 R ) i, Gl A kX
(ERSSISERCEL N

F TR fe A S0k, o B AR Sk i 2
HOve s, T L S B WSO A A s i Sk i
DA A 12 e A WAL SEORI A S8 A [ B R N 38 6
EIRE - DIEAERAE b ARBL T AR RE AL
HARAZ I &5 6 AL SRR se A S

ks B #1:2017 - 09 - 18; 18T H#A:2017 - 12 - 10

doi:10. 13705/j. issn. 1671 — 6833. 2018. 03. 003

BE—ANTEARTC AR, #0051 3 ) 8 22 ) v S8 47 1) A
A d5 B R AR B H A, T A BT AR S
oh R AR A A B — AN AR A ) R
— M AN R ( data) | A RS PG —AS
FEA( sample) . T3 5 % A 52 A 1 AR 40 40 B, mT LA
5 U 1) R 5 8 0 70 AT 0, B A 4 T) o
iR F WA 1R 22 5.

Sk RCEAAL VLT 2011 4R, ST
TSR IR SR A ) A AR AR AT, ot
JE S R AR A BRI BRI LR
REAAR I 0 HAT AR B 3 . BSO Sy rh i)
il S B A o3 B AN [ (1 1% o, 3 o — A it sl A
it IR 21 15 3 AT A2 53 ( mutation) R A5 RGBT 1) fil 4R
e Sk AR LA SEVE S — b S ) e e SR 1
BRESVE, BAT A 3 S S T B U
T AR R P RS AN KT AT W SIORT
B A, AT LLSRAT AL 08 4 7 i AL A A A Sk I X
BT, RS BERER LA, W
X F O B A 30 A7 i 1) AR S oK 2B BGHT A BSO
SRR — AN Wl 25 R I LR 5B ( capacity de—
veloping) LRI R S R

UTAEAR, Sk B A VAT 3 T 72 R A

E4TH:ExR ARE2EE LRI H (61403121, 61773119, 61703256, 61771297) 5 1 e @i F AR HIF I 4% 91 4 10

¢ 43 H ( GK201703062)

PEZ BT L (1983—) , 55, BRpu i N, BRPGITE R PRI, (1, 32 SRR RESTVE BT 5T, E-mail: cheng@

snnu. edu. cn.
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PEIE , A5 Hs 90 sl (1 5 Jig Sk i AR A AL SHVE 2708 23

JZ SRV AR TSRS N (R B , H R ROBIE ST
BCRECE 7 1. 5 T, B e B0 BSO S0 e
FloBTt 7 R AT B A T R £33 , 4 R OK
(ERSESERIITIS Wl B

1 KR BRALE

1.1 fiIRER

S o AR 7 10 P b — e N R ok, 4 B
AN N HE DA R 0 1) R R AT AR S8 ) 35, AT 7 2R A
Y n) ) R I A IX — R P, LA R I AT
Vi IR IE B2, T AN TR H R AR, R AR X 2
RR I FERE gk 4 i | de 4% 4k B M v o] R5L 1Y) 7
e S AL AL VR A % T X — B R A O
JEURRL: i J5 V) KRR 1 28 A % BA B Bt B
P 3 K R AR, B MR T BRI A — M
75 110 1) A R 7 €. SR AE A U R A T A
T REFIBOR. IR FE S G T R Re
5 BRI T 10 AR B A RE AR AL v
(R AE A AN A — B A, T Jd ot 500 a5 1 SR 2K
& ) ) 1511 5 A i
1.2 EARLMXBRNEE

BSO SyAAE % T N BE IR SR A ) 150 B 4R B
IR AEARAT o RIS o B il . v (i — A
AMAHE I AR — AN VB 7 10 1) J58 (9 A8, 3 2o A4
(Y8 Ak R R 2 AT AN AR BT, X — i FE 5 AN
S i A 1) 3k R AR AL B9 1R 0 s S B L R AR
fi]

(1) J7HE n( R R AN AN A5 SR A e 2 ARt
(M) ARG R R IX 0 MRS m
(L& E M SE) 2, BRI 0 AN, K
TR AME AT HE L 3 A — RN )
ANRAE R iZ IS A

(2) BEMLIE T — AR O AME, Fe % R
N SE TR A AN BENL AR AR BT AR

(3) HEATANARR SR R, W 5 — R o7 K
FEAE R A

FEAR BSO Sk HATHE S 8] 5, 2 T 5 LS
ML BEG T BSO HULMIIE AR, A
HARAE 3 PR A R ARG RIS W AR AN
P X A

Sk i R ARAL SIS A SRR G

W YA BENLAE R n MR (Y)
U)o TS n AN R I B A

7 AP N5 R 4 o) o S e B 7
SV 8 I R IR AR CE, F 5T DL PR

1) RSG5 M R EER n MAEZE
K3 m ANET,

2) AERUH R BEALAE — AN AN 5 rh ok 5 i
2RO B R

3) AR KBTI A R S AH R - 1Y) DR
A AR HEAT LU A7 A i 00038 AR O A8, 4 D
fifBE N IEAR.

A3 T 0 AR R EE.

11 BSO SLVESKAfE b, il 56 G A W S B BN 1%
o T TR A A i R A A R 2 AT AR
A BSOBT AR S KB 1) A A g A () G 5 1) D AT i 3k
AT BUE, A7 AT I ) 38 N AF( fitness value) ) fif
FAE B A N IEAR. 24 245 R BI f BE  2  B
PEAREE I, S0 ) 3~ JF K 68 005 10 =408 it B AL
AR BB T P AN AR N, B R AL T R R R

BSO S35 02 — Mol $8 22 20 ) AN W7 4 Dk 1) 55
W, I AN WTIR AR, S5 2T AT R SR AR BT BRI
i v X R O I A A SRR T R £ S e L i
AT 5 AR FR) A JIT A 25 R4 I, A0 AR 1) AT
AW AL 3. SR BENL T AR AR, S iR 1)
BATIRER ,AEA Wb IE AT , X 2R & (exploration)
FNIT % ( exploitation) 15 I — AN HPIRAS.

L2.1 MESRE

X il £ G HEAT TSI H 2 A B 5 W Sl 3
NI R X . BSO k] LU R [ ) 26
KITVE ACTAIN) BSO Sk A T A3 1E( k-
means) FERFVE. IR AL 4473 2[R 4 1
REFE. AENLES A 20 b SR AT b b e e B A
>]( unsupervised learning) . N MEHE SAF KN,
B N A A BIA R 28500 b A2 Ak R,
T 1AL AR AL o 55, nT DAAS 30 0 v
AT RS L. A5 BSO Sk, fif 45 4 43 A £ 4
AN ZR A (), m DL i A S ) o A1 DR 4R
AR SR A 1) R 45 K4 ( landscape)

HPAEMT k-means RIEK n MEREF] m
AN, T RIS AR AL 5 2 AN R ).
RIERAE, v DARHE R X IEAT “H 25 KA 7. &
WIE2/ S IAW=IIENiF HYONIPIRS 2 St R
AN R X MRS P oo RIS H]
BEALAR 2R S O 2R, W] AR 1 Sk B
(RTSC S, A B T At ik H Jm s B A
1.2.2  #fB4A

SRR B2 6 — A P A 2 0l SR A= BT i
—ANE AR T DU T AN s 2 A AT
PERG TERIUR T BSO Sk, MR ZH P yeneraiion B2

g
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FH KA B2 2 T — AN A, S0P AN IR A i
(P A R A . A — AN TS vh A 1B i, ml LA
W= RX AT R AR, FEE T T IR
[PIRE 7. RE I b, TPy AN BY 22 AN TR A 8T
ANMAETT R B R i ORI FE X AME LR
R TR MR

M%%i& P oneCluster F MK?} %I PiwoCluster oA H
KA HIAE— MR PRI LR, PR
0B AR (AR L) SRAEEOGETAR . 7R — MR
ST A R A0 O A O B T AR AR OB AR L B DA
BV I T A X 3 TR 22 AN R AR T R, OB
R T Z ARG S, T AR EFE L R 2
FEVE.

PG (1) A (2) A BT -

ximw :xild+§(l) XN(,U«’O'Z)§ (1)
&) = 1ogsig(9;§4§g1l24€)x rand() , (2)

Kb wl,, B, D ARIRMR x,, BT 2y, 50 4
JEAE: N(wno®) N 36 T 05 & 4% A 10 B ML 5
rand( ) J&—ANRREL, FHR A e (0,1) X TA) B AL
B x g MR M AR A b — AR B M 1 2L
Es BT St KIEARUEL ¢ O kAR A k
SEFEH logsig( +) BRI R EL, FIRECE £(0) 1
HFD K, T SRV S R WSRO L A% kR
H logsig( +) XM AX (3) Fin:
1

:1+exp(—a)' (3)

logsig( a)

1.2.3 Ffgesf

T RPEE PN B AT B 3 I A A DR AT AE AR
Bt i OB AL I F A S bR B T A ) A
Ao B HREME W LR AT, T SR SR AN A BGHT e SR D4
PARATACHT (A, v LUER KRR A AOREAR 2 FEAL.
1.3 Bz E8KENBRLEZ

FERIUG R BSO Sk AERE— AP 2R
AT BN A N S, BRI T SRR 3L
HON T PRI ERCR, H bR Ak Bt
447 ( brain storm optimization in objective space,
BSO-0S) {if ] 1™ (5L 1 1 N AR 1 73 2807
2 R R 7 AR 9ER Bl 2R 7 VA
T RBEL. N IA AT 00T, ARG A T H
b (R

FLA BSO SE Y H bras i) BSO 595 1 X i)
LETFT AR AL NS . fEBEA BSO Sk, fRde
R BN A A 10 1% s T AE H A5 a3 (0] BSO S0k
Hh AR A 1) R B I 5, A i 0l P 2K

R S g 05 3.
2 FFRIRK

—ANUF AR e U A B, N HAT SIEEL R
ALK B2 PR R L BT BSO BLVE AT 9T 2
G E RIS 73 HT S SO AN B N Y A5 7 1, G
A4

(1) FRE B 0 M, C3E 2 REPE 0 i f 2
ot

(2) Bkt SRm R, G, Nt s &
AL S5 5

(3) NI Ko X LA AR SR At 22 R AT Ak T
850N 2 H AR ) B, 22 B LA n)

(4) Tk o b2 A0 A 5535 SR it 2 B A Ak
i) L.

2.1 BESR

BSO SEVEME MR 4, H AT S50 Hr A0 2 ik
RAFE: AN A S H0v B R A S RE 5 3
BE7's BSO S i i A BB 5L 16 PRk L
T b8 SR K HEAT LN S 5 BSO A i BE A
EREPERE SCE M SRS 2 BT A
S T 70 ik BT AR A 1R 5 1t SR AR 5 A
PRI RETE B B At bt B A A B4 0 4
P )7 0 1 38 i Sk e L J) F AR A 1)
ARSI 2R g 7. BSO Sk —Fh ke R
RERA B8 75105, R e SRR A4 1 AE R At Aol T oK 23
Ht BSO 55355 , WO SR IO i #5847 2l o B2 4
Jie 3RE AR R BE RE 2L TP B K R BRE N A 2
i
2.2 BiRuus

AT SRR A TR 28 B 1 A8 Ak ) R, 7 ok
BSO 9k ) KM 1 e A& TS0k 0 3 M 1L 0
FUE AT T AN [R] B o5 S 3 26 5 ) A
i 170 Ry 3 AN - i A A 2R 2R BT AR A A
WA
2.2.1 M&ESRX

FEX] 4R BSO HILE TR T k-means 582K 5H
2, FE T ERAEACT REXS AR & HEAT 70 4.
N T R T SRR AN TR 23 21 SR
KRR BSO HAE T k-means JIRFEL. X
L6y 2 W AL 7] 549 2 J7 15 ( simple grouping
method, SGM) R IR & 28 25 ( affinity propa—
gation clustering) "' ; k-medians 2240 B AL 4
2l 28 W% ( random grouping strategy) ; 4% & % 16
( global-best) BSO %y "
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T A 1), H AR AN B AR W W > T
SKARAZ B (A H L BRI H A5 205 18] 10 4E B2 W 5 /s T
25 1) R 2 8. S 3 /E H b kAT 4 1 A B
TR A [ A L n] AR g D o B 4 4. 7
HAr=3 (8] BSO Sk, 4 H br 2% (8] 1) 38 Y AE
P 1A% 4 B A [/ 288031

AR T LA AR, 76 H b 2 1] B Sk g RG22 AL
S, RO — AN T8 LR o R
VE. BT R B R HE Y , ik 555 0k 17 5020 Ry 1 28
R SR 2 (R AT AL 1R eR B {) 5 AR SR (A
RS DA . TR S g 2% 0 A P — A B
PR A A R A o3 SRR JRCLE H b 8], mT LA
B R g/ T vH S AR, A7 B T8 BSO Sk H
TR ROR AR R FRBEAAL 1] 25
2.2.2  HIRAE R

XL AR A G A T et L R mT DLk s BSO SRV
MR R R T = BORIRAN R 2R B ) T, Sk
e 2 A N A FH AL TP i S i A R A R AR
fiff (0 2B ) 7 THD , AF A R BT T AR 12 s
FOL KA AL 17 2, 8 R P K] DUAR s fid £
A B 2 A V0 [ R AT PR A AP — A A P A X
(' batch-mode) A& BT ## , JF 72 T — & AU B3
N AT B8 P A AR SRR B — AN R
90 FB IR, 0 350 23 bk A T FB A0 A A ok AR OB i, T
DALR R 55005 1) B A 22 A s 4 TR VB A ( chaotic
operation) I H] T3 7 fft 1) A2 e, R 3 oi 4 Jm 48
ELiAPIS i N VNS S Y S I E By VA: (o ]
TIPSR RRE PRI , A 802 A% 1) 451
5 BT kBl B & 1 e T e HLE
(1) BSO Sk rh, oo\ T 7% P 3 R0 A 1) 1R 3 i,
KA SV ) A SR RN R B A R 1
2.2.3 RAF*

Sk i XGRS T HH K i vk 22 52 s Y.
FHTR) . 2R 7 A P X SR 58 I o) B, 2 T
Z R B AT W05 7 BSOSk, B A ER
( closed-loop) BSO 437" s T4 £ 5 Wy b 1
ft) BSO %= § F 47 b ( quantum-behaved)
BSO ﬁ%m %

TEREAR R B 2 A 505 hybrid al-
gorithms) W] DLAR KM S0k BN S5V IR A AR A ) i
A RE. K R TIR G EH A2 T 4
BAFEIEIIE S, [F) I 3 B L R I R
PR, BT BSO HE IR A HIE S N T A 2R
AU ) 75, 49 1, BSO 55 BEALL IR /K ( simulated an—
nealing) FF R AR SL UL ) s 15 2 o3 J AL dif-

ferential evolution) BVE4E A N T AN T4 W 2%
(artificial neural network) . H Ath 5 BSO LK TR
BRIV HE: FE T #2% 1 ((teachingdearning—
based algorithm) ; 2 5Pk BEG AL ( discrete par—
ticle swarm optimization) 4472,
2.3 KERAREIZEE! o) @

TEFEA () BSO ik, BSO SV 1 K Sk
iR 2 L O b T R AR 20k s
BSO S0 7] Bl Y >k i i e Ay 288 2 1 i) R 451
iz BRI s 2 B b R % %
B 2 H ARt i) H B #E 5 4k — 4 8%
PEAR , AN & A Fe AR AE BSO Sk, K i
LG AN E R 28 00), BEATDIR 28 R AN [\ 26000 W]
DS 48 28 2% T) v i) AN ) B A 3 L X Fh BSO
SN AERFAE , W] DL e SR AE 2 A B 0 A 1)
AL e

RS, ISR 2 BP0 AL ) ( mul-
timodal optimization problem) , H: H b5 & £ H V% 1)
AR R, R AR 2 LK SR B 2 AR
B ALHE 4 Jmy B A R 8 B ) 5 O X Be Al
CREF B E R AN T 55 SR AR A B Al 7€ 1
8 53 AT ) AN A R PR AR AL TRE T 2 RS 1) e
{UB=PR

Z HAstiAl, BSR## 2 H Ax D04k ) 8 ( mul-
S H AR AR
) — AR R, AT BEW A JLAS H AR R
TR AR ) H b ek O AR B R BEAE AR A AH EL b
SIS, BRI, A H s bR 208 T A2 R IR 3
AR X ALAS 2 H bR 1) BUASAF AL 5 H b o) R
SR LR i A AR — 4L i R AR A
P& (pareto optima) " 41 FR AR Sk fii XU A1 A0 55
VR OB BT R SR AR 2 H AR AR A )

Ll gi 2 H AR I i AN TR B 2, Sk i X 5%
ARSI W] LLE A H br 28 18] 145 5. A2 H AR
22 ) o SRR AL R, TR HAR, AR AT L
FEARFUGEA ™ B bR 28 1) HEAT SR AE K2 3
H b AL 57 1) 4 e O B 0N — DCRAR,
T AL AR BE LA 128 Rt N T — AR LR F5 %
P A 2 FENE.
2.4 BN

BEARZ KETE ( population diversity) 43 4T: 521
RER VA PR RE I B S DA 3R 2 B0 R R (ex—
ploration) F1 “JT /& ” ( exploitation) BE J7 [~ 17,
TS R AA 22 REPE 2 i B SRR R RTT ROIRZS
(T SEIRRR. X REAA 2 FEPEREAT WL, 22 REPE A %

tiobjective optimization problem)
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A BME R L M RIS AT IRES i 2 FEPEAE
A FEAFRIR TR ) B SK AR A ] 5 B
e REARZ REME , IF 6 i 3R AE S0 AT I A 4R
G BB, IO T Sk o RR A AL B A
2.5 XFRMA

Sk i A A A RV A K il e 22 o S o B
I L, Ferb ] Loy R BLR LK.

(1) HWIRGNE: KEHE DB RSA
PR T % R B B AR (A RN . BSOSV 4
KSR A HL T ARG B AS TR SE A [ 5, 48] 1 2% 18 A
HAL (P8 5 I B 1) s Bt FACTS Jic s H ) I
i L, e DA SR A ) R

(2) M s v vt 1) f: BSO SE4 N H T
SR AR 2 0T 22 A i L, 48] G 1 AR 4w BA A AL T
Il 75 Loney FURE IR0 R 5 11 378 TG I HL L 28K
] 5 2 T N WL G BA TR AT 11 3 5 B R4
F/AA8 MBI H 845 il R 45 AQHE B A A% J&
AR5 0] A

(3) Jo &k A 2% B 4% (wireless sensor net—
works , WSN) P4k, ] 8: JEF Jo 2 A% K25 0 4%, )
HEH PO AR il — PP A5 B R G, AR I 4L B8
TR TR A W 465, A5 S5 AT DAL 9 286 [) AN BT A2
B R FUBRI 1 (1 T 2 % 828 I 48 0 45 7= AR K
SR L A 2 AT X R S — AN A R
BSO Sk A0 N FH 81 1 0 2 A 186 2% X 2% i) 5L b,
IS I 4% 0 8 1) by ) Y B A 3
R A X 37 5 ) R

(4) Sxmb ik i) 8 4Rl A in) 80 B A5
N EARA ) L kT SR AR B H R A, BSOS
7 K FH T 1 G B 5 g5 Sk o XU A0 e B9 R 4 T
Sk i IR DAY 1) S 4 ) = [R1A (v-SVR) #553
Sl I T T S PN e

(5) HoAdAG A Ta] 5 K HRASE AN 43 A =X 28 Y5t o
L1715 B ) 0 R A5 2 H b 1) i, A FE R B
AT A& B ANEAG H bR, — M 2 H b5 BSO 524k
F R o A R S8 1 2 H bnBe A0 A ) /L. 64t
BSO Sk N F T il ke 22 Aol i 0, G op A0 45 U7 B
2 ) 5 3T BSO SEVEMY SAR PG et sy ik
FET BSO AR A B35 3 fift Jod 159 IR T FLM ) 5 P
DAt ] A 5 BERS 2 In) s [R5 Rl Il s 2K
P o0 S I {05 AR R i) L5 HERE R G (AR
3 A7 TR) 8L R SR R e R U R ) A N R
IR B RAE IS BEAT i 5k TR 7 45 45 7 s o3 M B
A4k )

3 WIRAME

3.1 RS

LI KB EA 3 ANE T VA R
I3 HR I A AR B . 3 BT 5T IS EU)
ANTRJ LR, 90 Bl AR S5 1, 0 B IR SR AR A%
A R ) 52 W) 38 37 5 55 AN [A] SR il 1) 2
() FRJ TR 2R, O R 47 o) Sk i IR G A SR i A Ak
3.2 HiEou#

PUAT T SR ek BE AR v A SR AT iR (R SR 2R 2D
B ACHIAE S k-means B8R FVEA ] KT
JELAT il () 73 A BEAT 43 A1, BH T k-means $3% 75 %
2 UGEAR, ) SR A FH R i SR I 2%
EIET H bR 0] BSO Sykrp , JE 38 NAH I 43
RV T RIS AT IR BEAT 0 BT, MK
MR T BRI R ARG BT S 2 A, B
AT AR 3 30— AN 25 o, X AR AU A i 2 1) A]
DA fiff D) 1) 8 2 04 2 6, 7 H b 2 ) ] B AH AR
(R38N JEE R B . AE ) 4R 1) BSO S, sk
i TR PR R R, A H AR E] 1K) BSO Bk
oh, SR T O Nk R . S6F T e 4 R Il A 4]
IRA 1 R ER 43 7 1) i R Ak ) 8 % 55
FRGe oy AT 1) Ak IS T B RE W A s A A J IS
li1) A A KR B o BSO A503 B H 31) H A ]
R bR SR A Bt 2 A i) R 5 I ST B
7 Ok i R RO
3.3 KEEARIZEEMK e

SEBR RGN Ak H 2 8, B 2R Ak
e AN W 858, kg SRR R SR R TR R HE. 2
A %2 H bR AL ) 8 ( multimodal multiobjective
optimization problem) Jift J& — F B 4 (1 46 4k, 1) K.
X i) @ 45 T 2 A ) BN 22 H bR i) 78 A
K5 25 RRAE 5 ) TP AP A AR ) B AR o]
LT REZ MR, [N AE H 52 ) 1 i SR B AT
AT SE 4 1R o3 A, A G0 T 1w AR SR A A B K
BSO S35 8 FH T4 o 28 o) 7, mf LA 56 BSO 5
YRR i) L iz A RE
3.4 LPREA e

R 731 S 2 e 880, 8w DL AR Sy — A
Pl o) BT SRAFE. AnAnT e 435 0 ) SR A i,
AR TR H bR R SO S AR e ) ) A R
# BSO DU SE, sl 50V U AR e LAk
S N SR AR AN [R) 288 204 (g 52 e 7 R g A1 sx
TR BEAIC AL SVE 1) R s AT 2
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4 g

TEREARR R AL B B LA e — AN v AT
filt (A, T AR & N R 1) 56 4 RN AT B, ANBTIAR
A ORI S5 2 WSS T A SR I AEL A . B33
P fig A3 14 18 1 78 K R 2% 4 ( benchmark func—
tions) b [ 45 R PEH, e Z 6 SIS 4T 1L R A 1)
BNAS M. BERS RES RN AR R AE R
AN ) — ANl 3K Ee AN A TR BT LU A il 25 )
(R AN B s 30 o o I e K i ) 43 A 1 O
AT 530, BE W] LU ) Il i) 46 44, S0 A 0 1
fiff 1 1) .

SR SR R VR R R DI R R
BUARFIA A 5T T7 M BEAT T £k Sk i A2 AL
SR R B TR NS NS R IR A = R
Pt o AT N B0 B B L 5 T BE AR B A
s AT AL . 76 S o MR AL S, B A
IRAA AR AT SRk 10 780 %) — /il A0 2 At 2 T 1 —
AN KA, 1T L SR8 o Al 2 ) R 2 4. 1
T TE R A AR R S B R o A AT AL
Rl 456 PR 7RI 38, 5 20 B e 28K At 10
LR H ).
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mization in objective space algorithm for multimodal

Developmental Brain Storm Optimization Algorithms: From a Data-driven Perspective

CHENG Shi', CHEN Junfeng®, SUN Yifei’, SHI Yuhui*

(1. School of Computer Science, Shaanxi Normal University, Xi’ an 710119, China; 2. College of IOT Engineering, Hohai Uni—
versity, Changzhou 213022, China; 3. School of Physics & Information Technology, Shaanxi Normal University, Xi’ an 710119,
China; 4. Department of Computer Science and Engineering, Southern University of Science and Technology, Shenzhen 518055,
China)

Abstract: For swarm intelligence algorithms, each individual in the swarm represented a solution in the search
space, and it also could be seen as a data sample from the search space. Brain storm optimization ( BSO) al-
gorithm was a new and promising swarm intelligence algorithm, which simulated the human brainstorming
process. Through the convergent operation and divergent operation, individuals in BSO were grouped and di-
verged in the search space/objective space. In this paper, the development history, and the state-of-the-art of
the BSO algorithms were reviewed. Every individual in the BSO algorithm was not only a solution to the prob—
lem to be optimized, but also a data point to reveal the landscape of the problem. Based on the survey of brain
storm optimization algorithms, more analysls could be conducted to understand the function of BSO algorithm
and more variants of BSO algorithms could be proposed to solve different problems.

Key words: brain storm optimization; developmental swarm intelligence; convergent operation; divergent op—

eration

(32 4 70)

Safety Definition, Intension, Extension and Inferences from Scientific View

WU Chao, YANG Mian, WANG Bing

(' School of Resources and Safety Engineering, Central South University, Changsha 410083, China)

Abstract: In order to give a more scientific “safety definition”, the safety definition proposed by Mr. Liu
Qian was supplemented and perfected under the guidance of safety scientology. And based on this, the new
safety definition that “safety is an existence condition that rational persons body and mind are not harmed by
external factors in a certain time and space ( named after Liu-Wu's safety definition) ” was proposed. Accord-
ingly its denotation and connotation was analyzed. Meanwhile, definitions of other basic concepts in safety sci—
ence were deduced by rigorous logical tools. The results showed that the new safety definition could be used to
reason and form the complete concepts group of safety science and these functions were much better than other
existing safety definitions.

Key words: safety science; safety; new definition; intension; extension; inference
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DR, R PRAE Y A
OB AT REE B T 2 450001)

B B ARG T B RS AR AT ABAT A - F AR SR 6 TR R AR R 38 e) R iem 3k
ABEBNAT Hy 09 R IREF I, F BAE MM G4 £ 49 194, 32 1 — AP Rt ABRE S0 AT A A 5 H sLag 4F 4242 K
F k. B 48 it Lucas — Kanade S8R Bk R RABAIA AR &, FE I R AR AL LR S AT G
HA SR, R SEME R A I IE AT R AR S AR AR, SRR L B R AR A St
RAIFAEC) F ) 4 LGB, REPIMABIT ARG FHF. 7 AR A, A HAERIR T ik B iR

AL IE T SRR R I ABRIE )12 &, A BIF A ABE T FAT A 25 M 4.
KR ABAT A BTN ik RAL AL, LGN

hESES: TPISL 1 SCERAR SRS A

0 3|5

AR, AL P AR 22 4 0] 80 H 2530, B
RGeS PR AT 2 A5 1L, IR AE AR M 2 4
FAF R AT B B I T, 2 U
UL A A I 3 . N AT g 5 i R D v
T2 LA AT A B AR AT L ASEAY A S D IR
A A AATE A DR S TP BT R I
SEAESK, B N AMIE SN B2 AE N BEAT S e o A i)
R TV 2 2 M SR R B B 1
FARERUL, KRBT LA AW 2E: (1) 36T ARz 3)
Bf R I A L Sk [2 ]l g ar E
NBEAT M5 1 B 1 7R BE R B ( HMM) ZEAT A
FEAT o S0 R : ((2) 3 T 2 R Ak 1 e I 5
VO sk (4] 3 e R BRI 1 = 4 A
BERRAE 0 k4T HMM A 801 25, 347 N BEAT
R e s

5 — R BEEAE N R B TGRS 1R 18 0 R 28R
ANEE SR AE HP i % B A AR N B AH LY 1 1 o
RO 38 RV e R LT
A L P 0 S35 P B 1 s ), (AT A7 A — 28
e A G Sc Rk (7 138 3k F VR A N S Bl A S By
FE( MTSDT) HE4T NBEAT 49 50 160 00, 48 1 MTSDT
A b TG SC B, B A ) T IR R S S

Yeks B #3:2017 - 04 - 22; 4£4T B #1:2017 - 08 - 25
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PR AR T AR N HBEZ AT A (1) S B i 00, 8] ikt A
LA NTEAT A S S A D S0 Sl SRR E , 2% 5% il
BNFEAT A S RS0 1 LE A 26

EE WL G 3T BUAR SUPE AR HE KA I N FEA T A
T R 22 L FE A — R N IZ B AT R
R HRFAE ST 2, R b g 7 e vt i (i 35 A=
R 55 060 7 ) 5 AR PSR SR A Bl 15 B
(] O ATRFAE L FE5E T M REAT NBEAT B S m Al
45K ] LucasKanade ™" 56 Vi v 32 OO A B
(32 B S, 75 Al b g ' A e i 3 AR o R
RIS AR B, 0 ek e 2R i R R A
PE 68 PO RE 05 S ARBLRE SRR AL, 5 IR E A
FEAE AR AE 7] & VI 25 SCRF 18] 5 HL( support vector
machine , SVM) , BEAT AN BEAT D 7 5 A . 3 o 44
ST UL AR A PR B I B AT A G o AT
SUAFIE , R SO R NBHE AT IRE B
W S B0 E T AR SRR IR I TR 1 A
PERE.
1 ABITAZRE®GN
L1 &

1950 &t Gibso 1 4G % H3 1) )% U ( optical

flow) VL2 B K G IR 2075, M ke
S, X A5 3R A PR 5 A A T 4R B2 AT

E S A BHT BH SO I H (162102310167)
PEZ I PRI (1963—) L 55 WIALICBON PR 27 20, 1 4, 32 SN s i AR 55 P o) TR R RE A a4, B
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&3], XM EMG  FEAR U  RAZ Bl A2 G I 1
TR T H AR iz a5 B DS AT LT HER
e Hbs i sh g o, 5 eia gl vk Sk ke
U K v AH LG 8 0 4 BUR 0 R 4l 4k 16 ) 44 d2 )
H .

BV flx,y,0) 220 ¢ BAR AR bR sl
(x,y) FIAPEAR B (v, y) A FL R ARIAL I (8] 5]
W% d, WHEFR T AR (d, . d,) , AR
RN B RN IZ ) ] KR
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Fig.5 Anomaly detection ROC curve of

three scenes in UMN data set
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Tab.1 Comparison of AUC results with different

methods on the UMN data set
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REH 0.983 8
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Tab.1 Parameters of bacterial algorithms
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Tab.2 Results for Kacem benchmarks
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Tab.3 Results for Brandimarte benchmarks
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The Comparison and Improvement of Bacterial Algorithms for
Flexible Job Scheduling Problem

WU Xiuli, ZHANG Zhiqgiang

(' School of Mechanic Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The article aimed to fully explore the ability of bacterial algorithin and its varieties for solving the
discrete optimization problems. The bacterial chemotaxis algorithm( BC) , bacterial colony chemotaxis algo—
rithm( BCC) , bacterial evolutionary algorithm( BEA) , bacterial swarming algorithm( BSA) and bacterial fora—
ging optimization algorithm( BFO) are designed to solve the flexible job scheduling problem. Firstly, the mod-
el of the flexible job scheduling problem was formulated. Then the five algorithms were designed to solve the
benchmark was instances. The results showed that the BFO outperformed the others. Furthermove, a strategy
to improve the BFO was proposed. More than ten optimization operators were designed and compared. Finally,
the best structure of the improved BFO was built. The numerical experiments showed that the proposed BFO
balanced the exploration and the exploitation very well and could solve FJSP effectively.

Key words: flexible job scheduling problem; bacterial chemotaxis algorithm; bacterial colony chemotaxis al—
gorithm; bacterial evolutionary algorithm; bacterial swarming algorithm and bacterial foraging optimization al—

gorithm

(B35 33 10)

Detection of Human Behavior Anomaly Based on the Optical
Flow Co-occurrence Matrix

ZENG Qingshan, SONG Qingxiang, FAN Mingli

(' School of Electrical Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: The traditional anomaly detection algorithm for human beharior that based on image texture features
tended to describe the change of human image texture rather than the actual situation of human motion behav—
ior. Its detection porformance was not so good. In this paper, a method of feature extraction was proposed to
reflect the real situation of human motion behavior. Firstly, the optical flow information was extracted by Lu—
cas—Kanade optical flow algorithm, and the co-occurrence matrix and optical flow direction co-occurrence ma—
trix were established. Then, the characteristics of two order distance, contrast, entropy and similarity are ex—
tracted by the co-eccurrence matrix, and then combined them with the mean value of optical flow to form a fea—
ture vector to train the support vector machine ( SVM) . Finally, this algorithm was used to determine whether
the crowd had abnormal behavior. The simulation results showed that the feature extraction method in this pa—
per had more in depth processing of the crowd motion information provided by the optical flow method. Com-
pared with the mainstream algorithm, it has a better recognition performance.

Key words: crowd behavior anomaly detection; optical flow; optical flow co-eccurrence matrix; support vec—

tor machine
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Segmentation Method of the Aortic Arch Based on Quadratic Clustering

CHEN Zhongzhong', YANG Yaru', ZHANG Jianfei', WANG Qiangian', ZHU Huiyu®

(1. Mechanical Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. Productivity Promotion Center, Zhengzhou
450001, China)

Abstract: A twice clustering method( MSHC) was proposed based on meanshift and hierarchical. Firstly, in
the CIE( LUV) color space, meanshift method is used for the first clustering to realize image smoothing and ini-
tial clustering. Then,the mean of each region was used as the initial value for the second clustering. And hier—
archy clustering was used for the second clustering, which would be stopped until the clustering effect reached
the expected effect. Finally, the mean of the aorta region was used as the seed point in the region growing,
and the image segmentation was finished. The MSHC method could improve the efficiency and effect of image
segmentation, and the aortic arch model had a strong visualizing and realistic sense, which could clearly show
the three-dimensional structure.

Key words: meanshift; hierarchical clustering; twice clustering; aortic arch; 3D reconstruction
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ETIEWHAEERIMET SLAM AR RHAR

FHKTr, 5k 6
(R ERBR K 4B T A o, AL 100004)

 E: A TAELEMNKA I LA T R B E 455 3 B Ay 22 ( SLAM) AR RAT AR SR, T ENR
Fo % 45 T ALK SLAM 6945 B4R IR 5 K, vA &S T EKF . PF JE3K 25 69 SLAM 77 ik A= 3K T E ke 3 #+ 0%
SLAM 7 i% , 5 4F SLAM K @& e PR T RN AR, R AT AR E R F @ #4777 B2 AR AP
FEAE M 2 IRBE T % 4 B B 8k 5 SLAM. 2 ALE AWk SLAM. £ 3) SLAM B4 AOATH R RS
A MR A LR — AT AR R AR T R AR AR K o RR A R AGE SO A 1 7 | AL A

Rk B T —H & EFR T .

K R R a S EEME; HERIK ATIEKE Bk, ELMIRE

FRE S :V476.3; TP242.6

0 3|5

LEF ) ] BRER AT 25 70, H BR4E T T a4
ST TS N A, L AR ] R A ) kAR i
A7 A 80 IR I RE A 56 oS H A5 1 B
BRI, H A T AR S A A PR, BAT A B )
JVSEZ FJBRERIN 4208 T DR UEAE HUTE %% 55 1
by T A& R 58 I A, 2 250 2 AT 4 R K
RN RS, LK% RLEFI0 [ bk g, B
HBRZE ] DLAEAS 75 B P oL R B &
RGHEDIAT I AR R, 4 B 51 B R
Diifie 2 42 20k H b 50 56 B N (AT 55
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P15 A PR AR 1) PR3 B, A A5 A 0 SLAM AR
PGB, 1A HBRGE E AL BRI 1 .

SRIMT, AL SLAM AT59R HAT I =) BR 1, AR BLAF
76 TGRS AL, 36 TS ke = F PR IgE 3l 5 |k
PUGASRN S5 R 2= R U2 22, VF 2 BiE 90 0 LA b
) @l HEAT TS OT SRAT AR A5 R A
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I SLAM §9%%, B AT BRI R A4 P 55925 ( parallel
tracking and mapping, PTAM) ol Engel %% A\ K H
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SLAM( large-scale direct-SLLAM) a DL Kz 3T 4 Sk
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WGl 2 %7 1 RGB-D SLAM fl ORB-SLAM
(oriented bried-SLAM) £%. RGB-D SLAM [ Endres
ST 2014 4RSI SLUCR I (6 RGBD 4
BT LLAESR PR 3500 10455 G (rgb) TR B .
R BUR FE {5 B ( depth) . ORB-SLAM & 2015 4E
H1 Mur-Artal 55 A3 Hh 955 T S BT SLAM 55
% ARG ORB 5 E A TH U UT T LA K2
g P B, R G0 A A AR UF S b B
[ EAAGTIN 3 A2, it H AT A oK R d
15 H SLAM 535, Cadena 25 0] | SLAM Jj ik
PG E A B BRI 1 R
F1 SLAM XM ANRRE
Tab.1 Key technology researcher of SLAM

EY KA R #H
2008 F T YW AR I v Aulinas, et al
2008 we SLAM Neira, et al
2011 SLAM J5 i Grisetti, et al
2011 O —ZCPE Sk Dissanayake, et al
2012 A AR Scaramuzza, et al
2016 Z W25 N ME SLAM Saeedi, et al
2016 g AR | Lowry, et al

SLAM HARREL T B 2hHLas A B T fE

Un 4y SLAM BORAE R A ARG A AL S 28 A 58 1
DAFAE ). 28 4 5 T ML BE SLAM Hif 35 ) WF 58 2
fith, 6F AR S M AL R 2R B 1) SLAM £ K 3
1T M S ERiR , 6 H AT SLAM RFIESREU; 2
PR IEAT TR E a5, 2 A g 7 RLSE SLAM
A R TIPS 1E T PR HE 53 10 55 AN AL, IR R
T AR AT ).

1 AEMEFHERRATN

fE—/> SLAM IR, HERZEAE 5 il H 2R R
[[0)ERNER R IBOR V2 e /3 QR NTTIE N S ERS !
FRARMUR AL T WU R 2, 15 ORI JF HL A7y
LRI, MR 45 S I £ B 3T I A AE = 2 b
el v Bt Ok o BT B B T R i
P BEAT UL RO AL B, 45 & P IR I /s R B R 22
M A5 2B S & AL 2k v A el B3 355 1
U SEEPSY

JYIAEE 8 1A S5 M AL PR B8, SO AL B N
B K E AN ., S AR FEAR R TR R
(R 4L SLAM JFANIE HY L A A 3C 32 22 53 fr 2
THFAL AL A, 71 SLAM J5i.

FE A BRAERE AL, O 1 PR AIE i 25 UG AN A7
AT PGP AL R e O AT SR LR 3.

REAIE 5N LA £ e AN A M R L DA
BL AT PR 52 (7 A B . b 0 o 54 B 2 A S Ak
It BLAE G 7R A0 R B AL 1 R LA
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V1 85 1y 2 R 5 0 23 R R 38 A A W 8 (13
S BN 0 X IR, 300 5 A A T T PR 1 K
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FIALFR I rh . X R E X T2 WL AR S5 A AL R B
Il RASE AR L T SRR AE T8 5 T3 I L RS 20k
RO, M A 5505 52 4% 2. Eade 2538 i
Canny il 3% 52 10 HH P14 0 30 SR AiE L T egelets
FARFHAEAE B TR T e v . 8k
FEAR G ML FRBE R, 0 81 (0300 5 4 S5 1 5
LRI, 2515 120 2 1) A s Ak A J% 3 5 DG I i)
WA A SLAM B A ke Bk ik
L2 BT ESERAE*

PURRAEAE A B SLAM Hh S T ML TG
ALREAIE. , 25 AL P PR T B AL (R R I, LA
SO JHE P4 R 5 R S R T R R A
FEIE T SRR IO 5 SLAM. H, SC 2 R 32 {1t
T 5 T 0 1 R R A 5 PR AR B2 T
4 : MSER.SIFT.SURF.STAR.FAST.ORB 4.

SIFT HFAE i Lowe 2548ty "™, % it B A8 1k LA
Jo A (9 RS AR A P % i % B A B
AR E AN AR 5 M, 25 T T T T UG G B %
BRAE KR AE. SOk [13 - 14 176905 SLAM B 57 v
] T SIFT 454, SR 110 SIFT 4540F th 77 45— 24 )
B, pi T o A5 RO IR ) 53 2 B v, i LA AT I
A REARAIE S

SURF HEAIE J& SIFT 59 1 i ik , 4 1iF 3o J3g
BpR HR A A R E I, B AELSE SLAM R 4
SR K S

BRIEF " A FF] 8 W37 4F by i A 4F , 5
SURF 5 1iF AR Lt H A7 58 Bk 1) 3 /& ORB 4 1iF f2:
FAST $54F 55 BRIEF Hiik 7% 14145 & , FAST $#4iF 2.
A BRI Ko B, AL BRIEF 463 75 42 — 33 %1
H T LL ORB HFAE 77 : 45 9 T DG i i, O HL A
7 e VE RS BT 1 78 AL WL SLAM
RGN EK RI N R T T 5 (R
1.3 ETREHMEMAE

47— LB IT S B THFSURIE 2 18] (1) SR
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ZIPRIE R B A RS WU R 755 45 B T 46
DUESAE , o AR H AT T A S 10 R 3. 90 R i 5508
Harris affine £~ 55 SIFT 4ifi i 7 fil &5 46 I 145
FRAE, 52 AR IR 45 T AR R R T —
T 1R K 253 £ 1 TR FIF fil 25 B 1) SLAM. 5
#i——PLP-SLAM "™

2 FERESSHEMESE

SLAM A Jit b & — MR Al v v &, AL Ja
Uiy 3k YERE A AR AL T IR PR B T UE B A 1 U
IR R S 50 A 0 O U AN [ AT L
93 R 2 P DR s 1) OV LRI AT B R UK
S8 2% ( extendedkalman filter, EKF) Fl¥. T~ J&
W 2%( particle filter, PF) .
2.1 ETFTHRFRSIEKA SLAM £ K

FET EKF ) SLAM $OR T2 22 4 328 )4 DL
WeIR A T B8, EKF-SLAM 2 A7 MR 4F i die s
22 LA Davison S542 K — MR T4 e KRR =2
YRR (RS2 26 SLAML R 25 MonoSLAM) ™. 4
il EKF J79 HAT JR BRE , R AR e eS0T ANRE
PRUEA Jm) Je 0, 25 2 3 ik 22 RAR. b T 4 71
EKF-SLAM S90S I P P05 s vk, o 42 25 58 T
EKF-SLAM, $2 7 — B 5005, RS R 2l £
IF 5 B AR e LS P VI 5 5 5
DEP S W 28 2O 1 4 38 25 B, AT 9 T
DEWE I A B R, s TORE BES SN M R AR
sERER.
2.2 ETHRFIRMKAY SLAM KA

PF-SLAM( particle filter SLAM) F| F 7+ 3E 9
SEPEPE ARSI, PE AR Ny — AR Z B IR I A 1 )
e S e, 2D SR ATR A A I SR AL A
RAEEE. PE-SLAM A5 i 4 % 1) (R M 22 70 A if7 42 K
H¥ T, Doucet 2548 ! T — P & T+ Rao-black—
wellized i 1~ &3 &% (1) 57 #A——RBPF-SLAM, ¥
FYGUIRE 3 A RFEFIEAT PR 73, AT BRI T 55
W 24 s 3T RBPF, Montemerlo 25412 Hy T
HATREE ) FastSLAM 7735, A3 HLHb K 7
DEP ) IR 2 DB A A — R, B e i T
T GBI i) L A AR P U R A R Rao—
blackwillised SLAM %y%:, % H B F 4 v 2 SLAM
A G bR H ST A EE AL ), 9/ T SLAM
2 1 I 2 PR A I R 25 38 T SLAM )
K
2.3 ETFEMILE SLAM F A

SLAM 3 AR A W H] T i v KB 855 F 1)

S A5 P ) R, T R R ey AR A AL
() SLAM 7532, H i b Y e ) V2 AR O 5 T 181
Ak ) SLAM( graph-based SLAM) /. #HEL T H
2 FE T i P T P A5 A Al 1) R T D I A 1K U 0,
T 751075 18 42 JR A 1, SR IBUIT A 1R U
5 5 WAl TH B Sh AL a8 N HAL 28 J s B . 14
PeA T 2 1 Lu 55 Milio $ HY, 3 i g A7 25 1
( pose graph) fift RALAS NI 2k v 1) R By 759
RN AL R, 55 R R # Bl N AL 2S B
AR RAL AR AT )Y 1 Z A ARG &R Tl
XS 5 B B HEATOUAR A L g A 0 3 AL 3 P
ENHESE S REAUESE SADSE IR N i k)
BT % R A R AR R R 1 S i A
JE AR EE T U8 & 1 7 A IR R T, 3k45 T
SEGF B FERSCR, 2 H AT R BB IABE 32 T
FEITVE FHAT AR (1) 505 A 55 PTAM ( parallel
tracking and mapping) . ORB-SLAM 2§, 7f K7 &
TR TR RBOR. 122875 15K SLAM i)
14 b i ¥ ( SLAM front-end ) F1 J5 ¥ ( SLAM
back-end) PYANEE S A S AL T AL 8 AR, H
(R B 2 I, I i 2 5 T B R A ek A

Gutmann Il Konolige £ Lu 5 Milios [1] B 5%
Bl Bt P TR A A T A R
SLAM $E35: 2, 32 2 bl U S 6 366 B 11 A
I DL R PEIARA =350 4 2 ke, VAR SR Gun Js] 1 o
7N AE I S P 23, IR 2500 D IE A H8AH 4T P 45 o [7)
O INIRYAE RO AT LR WLTR 2 AR TEA N il
PR R A0 500 ) T L8 A 75 [ 38 2 iy 383 e 1
DXl A J i 0 23, E SR e 7 L SRR 7 Y
G 8 IUI0 A T 15 2 B0 47 28 AT AE A A
F Ot (i

Jri ¥ (Back-end)

Bif ¥4 (Frout-end)

RS i fr 2

1 ETEMRIA SLAM HEZR
Fig.1 Framework of graph-based SLAM
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PRI 08 RS AE 5 AT IR B R AE A B ARk 4
SO 2R Guhew P ] 5 B AN R A o
o5 HOERZE 38 00 w1 R BRI Pk, IR b 7 22 4
SLAM 4 A AN IS S ) 751 1) 65 4 44 25 1) R

3.2 KHEIRE TR 5L SLAM (8] 35

KHUREEREE T SLAM $7 A THI I 1) 3 S0 8
FH T S R R T JE V2 AR AE S90S IR ) e 8,
BRI P IRV BRI S AR
w5 FH AR R VAT R 9 S 1 43 B A 3 1) 7 . 2
BT N T — Pl 4 T R K 2 D 8% ( shrink
unscented kalman filter, S-UKF) [¥] 77V, 76 KN A
85 SLAM S50 kA3 T R (1 SE T RICR
3.3 JELHLIRE T HY SLAM [a]j&

A 45 K A0 R 55 T 0 RN B b LA A 4 B3
R HRH E Pt A o BRI T sk i
489 0 SLAM (¥ 31518 Zhou 25 £F36 AE 45K 1L
AR FNIRIE A FH ARG LRI A g il A5 1) 7 20
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A Survey of Simultaneous Localization and Mapping on Unstructured

Lunar Complex Environment

WANG Yiqgiao, ZHANG Wei

( Technology and Engineering Center for Space Utilization, University of Chinese Academy of Sciences, Beijing 100094, China)

Abstract: Latest research progresses of SLAM ( simultaneous localization and mapping) using in the unstruc—
tured complex environment of lunar surface were summarized. In addition, we focued on summarizing and
comparing the detection and matching of features of SIFT, SURF and ORB, and analyzed the three main meth—
ods: SLAM Based on Extended Kalman Filter, SLAM Based on Particle Filter and SLAM Based on Graph Op-
timization ( EKF-SLAM, PF-SLAM and Graph-based SLAM) . Furthermore, the challenge of SLAM technolo—
gy was studied deeply. Finally, the future research directions of advanced SLAM were discussed. The research
showed that certain research achievements were made in the study of s multi-sensor fusion SLAM, multisobot
cooperative SLAM, active SLAM and combined with artificial intelligence technology. However, there were
few research in this field aiming at optimization method model, related problem branch research and semantic
mapping which should be taken as the primary research direction in the next step.

Key words: simultaneous localization and mapping( SLAM) ; feature extraction; filter-based; graph optimiza—

tion; unstructured environment
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Tab.1 Information setting of UAV

UAV %5 RIGAER  di/(lmeh ') SRR /b
U, ( 100,800) 200 12
U, (100, 400) 200 14
U, (800, 800) 200 16
U, (900, 500) 200 10
U, (400, 100) 200 13

R2 BMSHRE

Tab.2 Information setting of threats

ity EITOALE B km AR
B 1 (460, 300) 120 2
1 2 (180, 600) 80 3
Ja 3 (400, 600) 100 1
By 4 (700, 500) 120 2
Ja 5 (800, 250) 90 3
Ja i 6 (580, 750) 100 3
J& oy 7 (180, 200) 100 2
B 8 (300, 850) 100 2
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Tab.3 UAV’s work distribution chart
UAV  fiii e fE45%E

PN B4 AL
U 1579.15 10.90 3C—10C—>4A—-2A—1A5E
U, 1554.16 11.27 1C—>5C—>7A—4E—~6A—8E—9E
Uy 1568.13 10.84  4C—7C—2C—8A—9A—6E
U, 1741.72 11.27 3A—10A—-5A—1E-2E
Us 1480.93 10.40 8C—9C—6C—~7E—-3E—I10E
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Multi-UAV Cooperative Mission Planning Based on Improved Artificial Bee
Colony Algorithm

LIU Guangrui, WANG Qinghai, YAO Dongyan

( School of Mechanical Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: Multi-UAV cooperative mission planning was the key to multi-UAV cooperative combat. UAVs
could share information with others and tackle tasks, which make it difficult to plan mission. In this paper,
considering threat distribution, task sequence restriction and time of endurance, a mission planning mathemat—
ical model of multi-UAV cooperative mission planning was developed. To increase mission planning efficiency,
the traditional ABC algorithm were improved by introducting dynamic evaluation selection strategy, introduc—
tion of metropolis rule, etec. The correctness and effectiveness of proposed method were validated by the calcu—
lation and analysis for multi-UAV cooperative mission planning.

Key words: unmanned aerial vehicles; coordination; mission planning; dynamic evaluation selection strate—

gy; artificial bee colony( ABC) algorithm
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Fig.2 Positions of collinear equilibrium points in the Hill’s system with oblateness with variational
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Design of Displaced Orbits for Solar Sail in Hill’s Restricted Three-body
Problem with Oblateness

SONG Ming, HE Xingsuo, YAN Yehao, HE Dongsheng

( School of Mechanics And Civil & Architecture, Northwestern Polytechnical University, Xi’ An 710029, China)

Abstract: The solar sail displaced orbits in the Hill” s restricted three-body problem was investigated, where
the larger primary was an oblate spheroid in the system. Firstly, the model of solar sail equipped with a new
version of reflectance control device was introduced. Next, dynamical model of the system with the larger pri—
mary an oblate spheroid was established and the Hill” s restricted three-body problem with oblateness was built
through appropriate simplifications. The collinear equilibrium points of the Hill’ s system varying with the vari—
ations of areas of absorption and thermal radiation of reflectance control devices in the solar sail, or the dimen—
sionless characteristic acceleration of solar sail, or the oblateness of the larger primary were also investigated.

Then, Linearization near the collinear equilibria of the system was applied. A linear quadratic regulator was
used to stabilize the nonlinear system. The simulation revealed that solar sail displaced orbits in this system
were doable and asymptotically stable by means of adjusting the pitch angle of solar sail and the area of absorp—
tion in reflectance control devices.

Key words: solar sail; displaced orbits; reflectance control devices; hill’s restricted three body problem; oblate—

ness
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Research on Fault Diagnosis Method of Bearing Based on Complementary

Ensemble Local Mean Decomposition

REN Zihui, QU Hu, WANG Cui, CHEN Ming

( School of Information and Control Engineering, China University of Mining and Technology, Xuzhou 221008 , China)

Abstract: To solve the problem that local mean decomposition( LMD) method was not insufficient in process

the non stationary and non Gaussian signal, a fault diagnosis method based on the complementary ensemble lo—

cal mean decomposition( CELMD) and spectrum analysis was proposed. Firstly, in this method, the white noi—

ses were added in pairs into a target signal, and then the noisy signal was decomposed into a series of produc—

tion function by using LMD method. The PF component containing main fault information was selected, which

was transformed by fast Fourier transform( FFT) , to realize the identifications of the working status and fault

types. Through the analysis of the simulation signals and the vibration signal of the bearing, it was proved that

the method could eliminate the residual white noise and restrain the mode mixing, and improve the accuracy of

the fault diagnosis as well.

Key words: CELMD; characteristic frequency; FFT transform; vibration signal; roller bearing
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Study on Method for Determining Load Sample Length of the Loader Working Device

WAN Yipin, SONG Xuding, CHEN Lele

( Key Laboratory of Road Construction Technology and Equipment, Ministry of Education, Chang” an University, Xi’ an 710064,
China)

Abstract: The load measuring system of the loader working device was constructed and the pin-shaft pretreat—
ment load was used as the sample data. The sample length determination method based on central limit theo—
rem was proposed, and the influence of sample length variation on the parameters of load mean amplitude dis—
tribution model was discussed. The results showed that the proposed method could avoid the data saturation of
the spectral density method and the dependence of the trend line fitting method on the model. When the confi—
dence level was 0. 95 and the statistical error was 0. 05, the critical sample number was 48. The estimated pa—
rameters of the distribution model had obvious fluctuation when the number of samples was lower than the criti-
cal value. It tends to be stable when the sample number was higher than the critical value. This method had
the advantages of high reliability, low test cost and small workload, which could provide an important refer—
ence for load measuring of the loader working device.

Key words: loader; load measuring; central limit theorem; sample length
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Tab.1 Parameters of C/SiC composite materials
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Fig.11 The axial gravity transformation
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Research on Parking Brake Automatic Tuning System of Passenger Cars

SONG Jingfei' , XIA Wei', DENG Xiaohe’, HE Yaohua®

(1. Automotive Engineering School, Wuhan University of Technology, Wuhan 430070, China; 2. Auto Parts Laboratory of Hubei
Province, Wuhan 430070, China)

Abstract: The unqualified parking brake installation and adjustment of passenger cars can easily lead to insuf—
ficient parking brake force or too small automatic adjustment gap of brake calipers, thus causing the problems
of large wheel blocking force, brake dragging and so on. Taking a mini-ear with manual parking mechanism as
the research object, the existing problems of the current parking brake installation and adjustment process of
the car was analyzed, and a new installation and adjustment process was put forward and a set of automatic
parking brake installation and adjustment system based on LabVIEW control was developed. The hardware de—
sign and control method of the system in detail was introduced and the test results proved that the new installa—
tion and adjustment process and automatic installation and adjustment system could improve the parking brake
installation and adjustment consistency, reduce the labor intensity of workers, and have better application val—
ue.

Key words: parking brake; automation; set-up quality; real vehicle experiment
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Tab.2 Material parameters of T300/epoxy resin
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Tab.4 Parameters of impact experiment

Gy R /m %fﬁmﬂ‘fﬁ/‘]f?ﬁg/ MhiiRE i/
(mes™) J
1 0. 159 1.765 0.1
2 0.319 2.500 0.2
3 0.478 3.090 0.3
4 0. 638 3.536 0.4
5 0.797 3.952 0.5
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Monitoring of CFRP Laninate under Low Velocity Impact Based on FBG Sensors

HU Yefa, WANG Bin, ZHANG Jinguang, SONG Chunsheng, XU Shiwei

( School of Mechanical and Electronic Engineering, Wuhan University of Technology, Wuhan 430070, China)

Abstract: In this paper, ABAQUS was used to simulate the response of carbon fiber composite laminates un—
der low velocity impact. It was found that with the increase of the impact energy, the maximum stress of each
layer increased. By using the characteristic that the center wavelengths of FBG sensors in composite material
structure were determined by stress, the experiment used the embedded FBG sensors to monitor the response of
low velocity impact. By analyzing the center wavelength captured by optic fiber grating demodulator, the rela—
tionship between the impact energy and the peak wavelength shift of sensors was found. Experimental results
showed that, the embedded FBG sensors were able to accurately capture the transient impact signal and the
peak wavelength shift of sensors could determine the size of the impact energy. With the increase of the impact
energy, the peak wavelength shift increases as well as the maximum stress of layer.

Key words: CFRP laminate; response of low velocity impact; FBG sensors; finite element analysis;

impact energy
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Component Design on Telescope with 1 m-Caliber Space Camera

LU Xiaoming'*, JIA Jianjun'?, ZHOU Chenglin', FANG Yongyong', XIE Yong'

(1. The Shanghai Institute of Technical Physics of the Chinese Academy of Sciences, Shanghai 200083, China; 2. School of
Physical Science, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: To study the performance consistence of the large-caliber telescope, the main 1m-caliber telescope
was structure-designed and analyzed to achieve the comprehensive result. The materials of the main telescope
were selected by comparing the materials” nature, and light-weight design was performed. After choosing the
supporting scenarios of the main telescope and preparing case models, we proceeded modal analysis to the
main telescope parts, and verified supporting materials. Last, we conducted the gravity-transformative and
thermal analysis on the main telescope. The weight of the main telescope was reduced to 76 kg with a light—
weight ratio of 77% . The simulation results indicated that the RMS of axial and radial direction of the specu—
lum were 8.9 nm and 3.5 nm respectively. After performing optimal design viai Sight, the radial self-weight
deformation RMS of the primary mirror was improved to 3. 3 nm, decreased 5. 7% comparingwith the RMS be—
fore optimization. When the temperature of main specular body reached 20 £0.3 °C, the RMS was 10. 1 nm,
which satisfied the surface figure accuracy of the telescope.

Key words: large—caliber telescope; main telescope; light-weight; whiffle tree support; gravity transforma—

tion; optimal design; thermal transformation
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Research of Wall Temperature Distribution of Large Vertical Reduction Pot

CHE Yusi'®, WANG Chengduo®, SUN Yufu>, YANG Peixu'?, ZHANG Shaojun'~

(1. Henan Province Industrial Technology Research Institute of Resources and Materials, Zhengzhou University, Zhengzhou

450001, China; 2. College of Materials Science and Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: According to the theory of heat transfer, a calculating method was presented for investigate the heat
transfer and temperature distribution along the axial direction of large vertical reduction pot. The results
showed that the wall temperature of reduction pot decreased linearly with increase in altitude of the adiabatic
section. In the heat transfer area, the wall temperature decreased in a nonlinear way with increase in altitude,
the decreasing rate of which gradually declined, but the decreasing rate changed abruptly in the place of the
declining thickness. And the method was further verified through comparative analyses of CFD and the field
measured temperature. According to the reduction pot temperature distribution curve, the temperature of key
part of the pot could be collected. This could provide reference for practical engineering to solve the problem of
the reduction pot material selection, reduction pot design, sealing material of pot connection selection. These
results could have certain engineering application value.

Key words: vertical reduction pot; heat transfer; temperature distribution; CFD
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Research on Dispatching Algorithm of Valves and Hydrants

under Sudden Drinking Water Pollution

Z0U Lu, YAN Xuesong, HU Chengyu

( College of Computer Science, China University of Geosciences, Wuhan 430074, China)

Abstract: In this paper, this study mainly focued on how to operate hydrants and valves to reduce the impact

and operation cost under sudden drinking pollution. However, the two goals of impact and operation cost were

in conflict. Therefore, a two-objective optimization model was proposed, one goal was to minimize the con—

sumed contaminated water, the other is to minimize the operation cost, and then a real water distribution sys—

tem in a town of USA was employed and Pareto solutions were given by NSGA-I, at the same time, an com-

prehensive analysis of different factors was condcouted. The simulation results showed the effectiveness of the

proposed multi-objective optimization model and scheduling algorithm.

Key words: multi-ebjective optimization; hydrant; valve; contaminant source; water distribution system
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