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Abstract: To adjust the inertia weight in particle swarm optimization(PSO), we propose a novel self-adaptive particle
swarm optimization algorithm based on ant system(AS-PSO). First, the inertia weight space is divided into several regions;
each of them is given the same initial intensity of pheromone trails. The probability for selecting a parameter region for
each particle is determined by the intensity of the region pheromone trails and the particle’s a priori knowledge of the search
space. The evolution search is then performed in spaces of solutions. Finally the trail of the regions is updated according to
the information of evolution. Experiments indicate that the promising AS-PSO algorithm realizes the evolution and the self-
adaptation of the inertia weight by ant colony algorithm without increasing the function calls in evaluation. Results show
that AS-PSO obviously outperforms the original self-adaptive PSO and the APSO-VI, in which the parameter is adjusted
according to the velocity information. Furthermore, satisfactory results have been obtained when AS-SPO algorithm is
applied to estimate the parameter of complex system models.
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Table 1 Benchmark functions used to test and their parameters

@i&égﬁk /A\it éﬁfé& [l'min, xmax] ﬁ‘iﬁtﬁ
n
2"-minima f(z) = Z x} — 167 — 5x;) 30 100 [—5,5] —78n
=1
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Griewank f(x) = L fj z? + ﬁ cos 2L 41 30100 [—50, 50] 0
4000 =470 T A Vi ’

n—1
Rosenbrock f(x) = 3 {100(z2 — z,_1)%> 4+ (1 — z»)?} 30100
i=1

[-5, 5] 0

R 2 AR BB g AR

Table 2 Comparison of optimization results of four Benchmark functions
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crowanc 0 0000 0000 0000 0000 0000 0000 0000 0000 0.000
rewa 100 0 048 0293 0691 0331 0153 0413 0008 0000 0.189
30 0 58 21 176 47 7 93 48 0 81
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K, PARKR K PR BAR A R e LA
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Fig. 1 Performance Comparison of 2" -minima
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), PBEPEAN T 55 4 6 45 1D 3 B AE o3 2 AR 2 A
), HBYE AR A 1/9 25 4. Ut B AE 91 1a) 7,
SRV R ART LA T ok A5 M 23R 1 AN [ 4B A R U
i o AN R FR 0 K, DT A 5925 (10 48 22 7 i 3 A
210, BRI (1) S 2 S P AEL B 3. AH bb - F0 A 1)
KH %52 S H P B IS S, 8 AR
FHAER BB 25 2 AE A S A R = B
FEAH 2R % () (301 FE B 3. Ty Rastrigrin PR 251 5% 0
it {1, xe, -+ ,xn} = {0,0,--- 0}, FrLAU AL
WIS SR FH 258 R T 108 P A A 2 [ P i P R
SRS BRAR AL I T 2 . S AE 40048 40 A 3k 31 I
DL, WLZ2200~4001K P4 145 1 A T 13 38 Y 1 O,
5 2% B A28 11 PR M 56 T s O 29 M S35 340 FL 179, TR Ay
SEAE2004% 20 A7 i A LRI e AL AE, T PAAE IX
— AN P, SRR N R R B, MBS
KB ERE. d 6~ 14F H R4 K
AR AR A R i R I LK, B LA
F18) 32 6 MR 25 328 3T sl /), T 163 P A AT /0N 1) 1%
1, WEPRME R Z WG K. LE4001R LG, Sk ATy ok 1E
AT JR 84 2R, T CAIRCAEL /I P 168 2 AL I 170 3 6 A
SRAR LN, TR 2 B AT S R K UE AR
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T AR T AR D i A7 3 A e gk S/, (H A TR
FERT DR IR, — S 15 1 SR E A 5K 1) % 42 [ A
A7 AE 1 3% 7 () AT BE (P 13), 3% FEARAIE T 492 8k
H R B AL I BE 7. B2 SRR T DL H,
AS-PSOH T ij #1K FH 22 H: 0 458 1k A5 0 556 s o 3%
AN ()4 2R, 78 S (R 390 e AR DR 1) e 380 03k
BRI B A, A A 52 A0 AR K I B[] Py 2 3
Bk EAT )R A 2R, 1T JE AR A T et T B
[FISPSOF VLK & T 1 3R FH 5 K 1 45 1k AN T gk
ITA R, 2 T 8L R WA BT R R, X
FER KPS 1 T S0 I R0 8, R IR A
1 FEIS A LA L, AS-PSOMLE K] 2 8 A 36 N 7
VA A AT R Y- S8 A A 2 A 1R ) S e KA
Sl IR TR RE, BRI R & i Y
BN B, X AR B A e A
Je 48 ZR M AE R A2 B AT S L PR T R 4 R
(1) S 1 HL, 3xX — b R AR R 7 2k T
T D0, 8 Tk WSO S N T R, N6 R LG
3 I 7 B 05 R = S N O e 3 R v el )
R AT PRI M 5 Y (B 1794, BEE FHEAS T 1)
HEA T 2 818G n, B — e FERE LLE E — AN ROR TN
0.6 Uz 9% 5y, FF 5 & W SR IXAME, 31X 1 I 48
JIN PRI I A AR A R SR i 7 AR A A ok
T B3, 145 BT 56 115 AT U K %
1, LEFIEAIIIROE B MR — 8 = TR T3
H1/9, AH 22 Ja PR Ig 1) F B 080 A 0, 15 B R FH 3R
KIS PE A TR AR AE W 1 4 JR 4 2R N v e T B
PETF5 BIRLF, ARl AR AN R 2R 1k, B 15 1
B ANF T 7= A S0 U IR T, B 2 % 8% 42wt bl 55
EFTEE. S Ak, — S A R B AE R KN
TIXIH], AP — Lo Wi 7~9. K12, 7E
X e AR I HYPR M R 2R mT A IR R I 2 e I
SHE TSI REZR /9T, W AE 5090 5 1, R UK 4L
P 42 0 B8 A2 R U AR, AR AR R IR 1)
R AN G132 PR/ 1A 0 M LR OF (1) v E T AR 1)
TIXIE)_E, 12, 13, Lk d b i S 2R E
BB PR Z )G, XL pE Bl R 5T, Wk e
MERBEE 0. ARG, TEBAR I+ b, 55t
A A A /NS A R B A2 1 S R MR A 2 TE PR )
B, TSR ARG KBl A AR AR, {1
VL RE NS 1 B LA I B 42 7 AR A TS (kL T, X
AR EVEAE — e FE S RORAIE T I AR (1) 2 R,
HA— MBS Bk B A (E. &3 Bk 24T,
Al DL, AR SO SV R AR A R B S A

PERCE T IUE, 276 TR FAE L I R TR 1 25
M2, o R TR s &k 5 Bk
ARV R AR v Re.

5 AS-PSOAi ot S KREAAL B ) 2 B A
2 B(AS-PSO Applied to preferences esti-
mation of Hg oxidation kinetics model )
TRAR 2 AT TN T ) B3 20 B8 75 e ), SR Je LA

Jii 7 AR R K AR S Ak A W AL S KA KA DL K

T A AR A R A Y e, AR Pk

JHA AR I TE A TG KHE, Ak kHg? Al

WORL A5 R HgP )X AR 1) 25 B AT IR K (5 i, 24

SR, o 4 s HO Bl AL e H g2 T I LR B, R

AR I D Hg 175 GRS, S T RS oK

BRI S N AL B, gt ST e A T /K AR A A 2R R (1) B))

J1 R WA AR AT R L. Agarwal 55 X0 7K HEA

HLEAE TR B 08, e T — M54 O

P RGEHELE, 5AN s 3 FLAL 75 24N ] 3 s W FH3AN A

AT N s N AR T R R

H>0(g) + Clao(g) < 2HCI(g) +1/205(g),

Hg(g) + Cla(g) <2 HgCla(g),

2NO(g) + Cly(g) =2 2NOCl(g),

HgCla(g) +502(g) k+— Hg(g) +SCla(s, g) + O2(g),

Hg(g) + 2HCI(g) ~ HgCla(g) + Ha(g),

Jrp: Hg: Ju#K; Clo: S HeCly: & AkK; HaO:
/K HCL: #h1%; Og: 28 Ho: A/ SO LM
SCly: & ALHR; NO: —5 4L %; NOCI: &AL Al
Wk (@) TA; (s,2) R i ] fg e [l A (s)th ]
e A (g) B LA,
SANAIDAE iy I
r= Av () - ([H:0] - [Cla] -

[HCI® - [05]'/2

exp(13.707 — 4769-2))’ (16)
ro = Ay - eXp(];‘ ;) - ([Hg] - [Cy] —

eXp(—17ng3ci2]17133.1))’ (17)
ry = As - eXp(;?;) . [NOJ - [Cl], s

-F
ri = As-exp(—z) - [HgCl] - [SO2], (19)

°) - [Hg] - [HCY.  (0)

75=A5'8XP(R_T
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WA e TIOR8 2 & R RE S S SN 1487

oA [Hgl: TGRS [Cly 1 SRR
[HeCly]: S ALK UL [HoOl: /K I [HCI:
IR IR E; [Oq]: SR E; [SOo]: —5ALH I
WRE; [NOL: — AL AR S, ryr RIVIER, i=1,
2,3,4,5; A BN T, i=1,2,3,4,5; E;: AL AE,
i=1,2,3,4,5; R: SAE G T 4. o A,
ME;(i=1,2,3,4,5) 5210558 K30 1% 4,
A IXBERT i 200 H broae Al =0 (16)~0) 1 H 15
B A R R B A 2 5 0 A 1) 2 (e /. T H
N A

min EQS = (¢ — )%, (21)

NE

1
m ;=1

Horpe g WL B ) 2E 7T FELG 19 B M Hg i 16 %,
¢ SEER N EE AT B M Hg ¥ L% EQS: Hg#e b 4
G IR J7 R me: SEE RN

K FHAS-PSOH. 7% 3F L2 DA H #x, Al 8 20
(16)~Q0)H 1) [ N 8)) ) *¢ 2 3, A7 % I FE A 5
05 B8 B A SCHR[15,16]. AS-PSOS 21 F 2 #
BEH NGy = 400, o = 0.8, 3 = 0.5, p = 0.3,
c1 = cy = 2.0,w € [0.4,0.9]. £3%4 H T AS-PSOH.
PRI B S AR E A 0 LE . AR ]
DL, HAS-PSOKAF (1) s LA 4177.66, 11 SCHR
WIEMHEQS = 88.134. N [4I& &1/ 2.

%3 AS-PSOH ik 5T kP R4 54540 B 475 HAA 49 bd

Table 3 Optimal parameters and objective function values corresponding to reported datal'6! and AS-PSO

Aq Ao As Ay As FEq FEo FEs Ey E5 EQS
Agarwaletal. 62.271 0.37688 98.682 138.85 36.113 8.8668 0.089337 23.509 17.638 15.108 88.134
AS-PSO 3.7943 0.51374 70.551 7.6191 33.426 3.8570 0.4516 17.383 12.861 15.204 77.66

6 458 (Conclusion)

FE T WU R G (WA A [ OE N R T 5
1%(AS-PSO), 18 ot WU 3 27 b 1 A A Ak
JE A5 5 R ) o A A DL, SE B R 1 3k 4k
AL RN, B O 2 B AR ) B
N4k, 4 BRI R E T 7 FLRE AR B, AS-
PSOS VL (B AN T Rt o S VA R U, HiE
N AR R B, PRAE SV 4 R S e S R
KA, Pem FIEMWCSOE S, DL AR RS 5 AS-
PSOSIE IR, UL KA B LA R FE 340
T-APSO-VI, SPSOM ™ #L 1R [1) |5 1 5 ks - 50025,
)5, ¥ AS-PSOST LI H sk it I S /K B A A 3
TR S 4, KRR (P 0045 G 5 B TR T SRR
THAH.
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