4 25 p A

5 33 B 5 W Vol. 33 No. 5
2016 45 H Control Theory & Applications May 2016

DOI: 10.7641/CTA.2016.50779

EAERE, (THEEAT, b % BB, WKDT

(PR B ERIS TRESERE, iR K70 410083)

FEEE: AR — I T A BT A 1 N SRR S (CAFOABM), H T SR Ak I i i ARy s In AL e
). B S T A B AR P SR ATLEE R, I BN R R ST AR T I B S AR TR AR HY B ORI
AR AL MR e Y N T T e R SR IR AR I FE DS L %, CAFOABM 5| N 2 FHEFIFITHE R
TR N A8 2R BT o 4 ZROIR A IR R B U R AT s ISR X 43 AT AT B S AN AT AT R VR AT L R AR B, R —
LU AR P AT AN R, A X081 78 F AR B2 2% PR AE P30 B0 IE 45 TR R W, CAFOABMSAIA AR 4b 15 5 ()4
WIRINE 5 N THAE AR HEE A LR 7.83%, H B B 19 B 2 sebrd: 7 sk Hoata T 72,

SRR L BREL AR BN PR SO IR AR, X A AT AT RS AN AT AT R

R E 935 TP273, TPS13 RRFRIRTE: A

Application of improved fruit fly optimization algorithm in zinc powder
dosage optimization of cobalt removal process
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Abstract: This paper proposes an adaptive fruit fly optimization algorithm based on the bacteria migrate (CAFOAB-
M) to solve the zinc powder dosage optimal setting problem of cobalt removal process. Firstly, removal rate of cobalt is
introduced as an intermediate variable to help formulating the relation models between the zinc powder dosage, oxidation
reduction potential (ORP) and outlet cobalt ion concentration. This nonlinear optimal setting model is carried out based
on the reaction mechanism of cobalt removal process. In order to avoid the stagnation of fruit fly system in iterative opti-
mization process, parallel strategy of multi-population and improved search operator are introduced into the CAFOABM,
which can make improvement on the transition rule of search state; In addition, to avoid losing the solutions with better
performance, a proportion of iterative infeasible solutions will be reserved by separating feasible solutions from infeasible
solutions. Experimental results based on practical production data indicate that the zinc powder dosages which is optimized
by CAFOABM are reduced approximately 7.83% comparing with the empirical solution, and the cobalt ion concentration
after purification satisfies the requirement of actual production smoothly.
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16 5 L7 1A (oxidation reduction potential, ORP) 7E {$
PBR BRI P R, AV BE SRV Hh 2% 5 1 1
TR FE AR LA, 9 5 Pl HH 3410 o i R ) S ST 28
L, SunZEEVR YRR b AN R B -k BE A AN IE] 1
SAGIE IR AL AE, 3R T —FPdE T ORPIE MBS 25 1K
JEAE TSR, 55 Bt SR Bh /M T iR S 1 Al g
TR TIN; JFHE T R 7 1S Bl Rl
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FbE FYE (fruit fly optimization algorithm, FOA) &
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HA 7 10 9 HLE A SRR 2 A L A 1 5
R EAC 2N T 2 IRk, INFOAGRNN!IAT
bFOA (binary fruit fly optimization algorithm)!'3%%, H:
HIbFOA /& A U BE I R S22 —. SR, TS
R A R AR DA T, T R AT B =
ARUE BRG] T, KR TR, T EbFOA
IR WSO AR b By LS. v, B2 — bR T
PRI HE R H & MR AL % (CAFOABM); dlH i 5]
N2 PR AT 48 2R SR A et 4 2R ok G LA
IRACGE R S, R X 20 AT ATl 5 AN T AT i
TRHEAT L) AR AL B, 3 T S A 10 R A ROR A
P& 75 14 T A B Bl i R by A A 1€ 1) R,
SEBRAE PERAR I A RO
2 Fp RO RR B R R B DAL B E AR

4 (Zinc powder dosage optimal setting mo-

del of cobalt removal process with arsenic

salt)

2.1 i Eh AL BR G FE#E A (Description of cobalt
removal process with arsenic salt)
T ER A SR Bl A 7 T 2R an B L s, SRR
i T 2 4 0GR A, AREE H B IR A4 I ZE 1)
PPHE S B b S ER B AH SO, ARSI Zn
5 Co? A AR TR M 1R 22 53 R A U i, ZECu®t
AR ERAE FH R, BERAS 7 Ak H IR 7Ry Fi 3, 3R T T Rl
FERIAs — Cu— CoBd, &R ERETHLER
(HFR:
2C0*" + 2As*" 4 5Zn = 2Co0As | +5Zn°",
{ 6Cu*" + 2As*T + 9Zn = 2Cu3As | +9Zn°".
(1)
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Fig. 1 Flow sheet of cobalt removal process with arsenic salt

SEBRAE 7 o, AR R R Rl RS R A DAAE
LA, FERAE R R0 X A R B S S A HH AR
FIORPIEZEAT F-2hill &, T E H LK. ZBR 6 IR
TR AR R B R R TR AR AR
AL, #AF G IOk S B IE R BOE (E, S BULH
FUB B TR BERAR, I kT BRI
2.2 FpERELERE S R R B AL BUE AR B (Zi-

nc powder dosage optimal setting model of
cobalt removal process with arsenic salt)
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WRFE (L) AR B AR, S8 I AL &, SRIE B e /)
BRI E R H AR
221 BRERSERRINEZ R RER (Relati-

on model of cobalt removal ratio and zinc
powder dosage)
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13& NS EER NI A

U = (A(Cy = Cou)7:)/5, 2
s NN RS EREE R, o, ¢l P IROR S
A AR N UMY 7 P Bl 8 5 IR A (mg /L))
NEETCERAHN R T 5 (Arg,, ) 555 70 F AR JE R
B (Arco) HIHA, BN = Avpn/Arco; uh, BN R
FEA ISR & (kg/m®); oy NS MFALIE T EE A 1)
R, o S0 (T ) R0 LR ] (77) 45 PR 3% e s
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222 BRENFESEIE IR Z AR R R (Relati-
on model of cobalt removal ratio and cobalt
ion concentration)

MRHE BBl 2 e X, nTRIBR B R SR B IR 2

[ R A=) FR:

ni - (Ciin - Cf)ut)/ciirﬂ (4)
HES \
Z 777 = (Ciln - cgut)/ciln’ (5)
=1
A
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Con = (1= 22 0) ¢y = [1= (1 115+ )5
(6)

TELETE FRREN B TR cop 9 EVRIFORTAR T, 194k
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223 BREE5EBORPHE )55 R (Relati-
on model of cobalt removal ratio and oxida-
tion reduction potential)

R ORPEAE AT A B 5 1) — AR A M4
B, R T SR T B HEAT BIAR SRR EE L, i, A
I A, SV ORPAE I o0 RS, R #4515
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Arrelnius A K AHEH: k = Agexp(—FE./(RT.)). H
Ao TR BRI SR R 7 (1/s); ROGEEAR S AR
#(8.3144 J/(mol - K)); E, N N iE AL BE; SRR R
B SR AR AR THIAR (m?), ekl IE S

S = (VilVo)Aso = 8V gs)/(pr) = Bgs. (9
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BBl 1 B D ORAE AR 77 IE W I8 4T, T2 X % Al
ORP P AEEARHAT 1 B0, WIR1FR.
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Table 1 Set Range of outlet ORP with each reactor

NS IR 2HINE SHINES  AHNES
Corp—max  010/V 650/V 670/V 690/V
Corp—min  S05/V 570/V 595/V 600/V

224 LR RSB BRI BEREE (Zine
powder dosage optimal setting model of co-
balt removal process)
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6zinrp—min < ef)rp < 6/ci)rp—max’ 1= ]-7 27 3747
s.t. 4
4 1
0 g Cout = cin<1 - 21771) g Ctgt~
i=
(16)
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3 ol SRSk (Improved the fruit fly opti-
mization algorithm)

DN T A SRR A R SR A A4 R SR A i
96 2 LA (16) IARZ N F AR B (15) BT AT A%,
7 i =% 18 SR g R 205 AX AL A v B e LA 1 )
R, et SR SN T et
3.1 ETHETHER BE R R FE (Adap-

tive fruit fly optimization algorithm based on the
bacteria migrate)

S EAGA)NT KL TR (PSO) B I%AX
TUE AN A SR 0, SRR L (FOA) R 1 “ k55
K7 AR AR BRI MA, B — st e,
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PEACAL I R, Fm e SR B B N SR A A, i R B il
SE R L D, S5 R ST IR EAR, il
51N R AT 1 2R SR AN A 2 B R
HALIRACT I RE P B, LG NOR R EER L
i e B ) F oK. 2R R TR & B
20178,
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S
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Fig. 2 Searching food of fruit fly with multi-population

3.1.1 R R KK 5] A(Introduced the search
strategy of multi-population)

Bk, TEVIGE S AE (bestSmell 1) it b, K S

FEAR ST P 20— o R 7E best Smell1f iz, AR

PEIEAE B B R AR R, PO LSS

TR AR, 55— 8B R OREF RAZIR
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(B I S TR R AR R & ISR A Sk
(AFOA), 4482142 R AT AFRIFIBUE w(g) RSLH
FEERN R, W=(17)—(18)Frn:

1
w(g)= { S0 (o0 » L9/10] # (9/10),
1, |9/10] = (g/10),
(17)

R(g) = w(.g)Rmaxa g = [17 e 7Maxgen]7 (18)

HH: Rypax €[0.01, 10)R /R e KA R P4%; | 9/10]5%
IR T 2B IR 57 Maxgen N KIERIREL,
w(g) NEET EARIRE g BL I BUE, Hw(g) € [1/2°,
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Fig. 3 Adaptive curve of the weighting w(g) with iterative g
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AT IR PEERAE. Qi 2 il 5 2% 1R, DU DA — [ 5 MR
PYg i #oE o2 SO0 a b, A FEAMA R S
FIE R AR T AN A E @ BOEPERER P (4), #ETis
ARG EREIME. P R MR 09) iR
H @ NIRRT

Pli) = (Smellbest — Smell(7))

((Smellbest — Smellworst) P*)

AFOABMEARENRT IS IRIT

19)



5 1

FEIRAG: it R SR B A R b B UL B Th R 583

O WIEE S BRI Sizepop, & KIEAHL
Maxgen, BEIHIEE R IBHFAANT B X oxis, Yasis, ZE4L
R = 0;

@ X FOA 5315 bestSmelll % B A& R
(X axis Yaxis) N

Q) 1E(Xaxiss Yaxis) it I, JEF 2 FhiE I8 2 5w
AT ERAE

@ A (20) 10 T I OR B S5 R TE IR B2 (i best-
Smell2 S0 SiAEDR, SEBTE S D4t ;

if (bestSmelll < bestSmell2)
Smellbest = bestSmelll

else t=t+1 (20)
Smellbest = bestSmell2
end

® A=t < TVRBWAL, #HERNEEED; &
MR HE (19 THE AR R AME RN AEREZ P (1), 3%
RS AL B0 T I R B 7 e B M AT IR A,
HP IR AR, RIEHERAMERE D,

© XITHERTSHRIEE, EEHATSERQ-@#T
BRI R, 10 IR B B R E IR B E best Smell2 J2
S REABE (X aior Yacis):

D %gen=gen + 1. N gen < Maxgen, MF% |
Q); ML IERET.
32 IR & I R BV (Adaptive fruit fly

optimization algorithm with constraints)

4T AFOABMBE L& —Fh B2 R AL 7 i, 4
TEEA X A AT -5 AN AT AT AR 2100 20 R 26 A A T
Ab PR, RIS OR B — o LU DL 5 AN v AT M, B 3L
WEG | AT AATIEIA A ER IR E BB

1) B, K15 —16) 2Rk FEA:

4
min F(X) = min UZn = mln(z uiZn)7

=1
9:(X) <0, i=1,--,p, 21)
s.t. 9 hy(X) =0, j=p+1,--,q

X € [Xonin, Xonax]s K =1,-++ 1,
X X = (2, ,2,) € RUERGEL T &, F(X)
N EAREREL gi(X)RARE i MAERLAE, by (X)N
iR TR X, 76 [ Xmin, Xmax] SIUH.

¥ ok ) @ B AN H AR 2 B AR )

L A B AN A8 B AR (X)), 552 s
RS R TR ARG (X)), Hod 3 —AMRx)
NI R KFMIBAFEE € SUHG(X):

4 ) max{0, g;(x)}, i=1,2,---,p,
Gi(X) _{max{o, |hj(z)|—p}, i=p+1,---,q,
(22)

A s SR 2T 2 PRI G (X))

G(X) = X Gi(X). 23)

T 4% 29 SR 4 A ORI ), BT L S O
SRRV P, 5 5 — 240 T 46 e 20 7 B 7 T
Q) FFR RO AL B
1 a4 Gi(X)
=5l Gi

BRI, 75 (X) A5 1 T4 R BT 47 AR o
SRARII LR LRI DA A7 E 22

a) AP X R E AT AT, 03E RS F (X))
MO R

b) 4 RTAS R XX A 147 I, Ui 240 7
{EG (X) e MR SR

c)%imﬁﬁ§§MMﬂim%cm§q<5a
F(X') < F(X), WX MENE: B0, X Mt

Lo, e ANV 24 R B 1 5 KM, HL A
K, RS ATAT AR L1

2) AR 2 AR T4 )38 S

P9 T A AT AT AR B L 72— A B K T
pe > 0, BN IE AR (10 1 (25) BT

¢'(X)

(24)

1.2¢, pr < pe,
e =4 08¢, p, > pe, (25)
e,  Hith,
Hrbp Bt ARG AN AT EAERE AR R BT 5 A7 1)
FEME, B
kxK+K
pe=_( Y N)/(Kx*num), k=0,1,---n,
i=kxK+1

(26)
A N R BHA AT num 2k R
R R MASE.
g5 FIRAMAL S LGN, SEE T CAFOABM
LIRS RE TR AT MR 5 A TTAT MR 55
boA, ek 2R SR AR A bR T AR Bk B LA
SEARAL ) H .
FT _ERI T, CAFOABMBLE AL
Step 1 W EFIEMNENSE
Step 2 WIUEFIEE P, K FHFOA S SIIG S E
bestSmelll XAHRAAAR (X axist, Yaxis1 )
Step 3 L TSHOME  BENLIHEO MR (FIHEQ),
S Z M IATI R R, P = P + Q;
Step4 While (g < Maxgen)
for FIHEQ AR Rl AN4K F AFOA i3
ITHEER MR B IERAE R T, Wil
WA T SEB s VPN A7

end for
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Step 5 for Bl Py AR Rl MR R
A1 RAVERIEAE R R B &
HRTTHE, SRR AR AT ST
VA FEAS
end for
Step 6  HRAENQ0)HIWT R EAE, T,
Step7 if (t <Ty)
A9 T FESEEM R Py, WA
BT RER F AFOABMSLEBH TSR
T, FFEE A B AR B A
end
Step 8 UHEARREE LI IR TR G, TR KA,
A (25) B 1EefH;
Step 9 end While
4 PiESAES 5535 #r(Algorithm simulati-

on and analysis)
4.1 %A (Example validation)

T A A SCHE H [ CAFOABMS V£ L AL
RE, B T 64 v R BB E IR . 1 B IS N:
CPU 3.06 GHz, 2G, Windows 7, MATLAB 7.1. ¥] i

SR B PP B sizepop = 200, #1146 A7 B N[0,
10], FEAL ®AT I S EEEIX AN -1, 1], R PER
= 10, EAR X B Maxgen = 1000, 4£F D = 30, P*=
0.25, p.=0.2, Ty =5, 6§=20, £¢=0.8.

F2e5 T oM R B A S R VG AR
A, F £y /& Rosenbrock b8 %X, % bR £ 7E24E F134E
I A FRLIGE PR B, TE R 4251 TR ZIEREL, f1, f3 — fo
FEZUERRAL, IR R E 5 9 HME R AR AL 1),
HA R GE, EA SO % CAFOABM &
ERIVERE. B SFRUEFOASE . L HE(GA)Y .

b P REERPSO) N 1 sz ae 28 Tk AT Lk, DAIRAIEA
L CAFOABMBARAL P fE

T3 Tﬁﬁﬁuﬂmaﬁiﬁzfiﬁ [ PR 2% AR T
SLIEAT 30 WK AR B IR 45 R, 3K Best, Worst,
Mean, Std 1 Time % 5l N & L8 « & Z1H « F 1
B brAEZERIZITIS (], o Best, Worst [ Bt T fig ]
Ji &, Std R B TSR I S A TR AR E P, Mean
ST RS e M B I Rk B ARG FE, RN
ST BRI SIGHE FE . 3 iR s B e B,
AR IR R . B4 578 450 572 B LT 6 A
RERECEAT — IR PSS FE X T .

® 2 RS
Table 2 Benchmark functions
BRI B # i eS| RIRE E(E
D .
Griewank fi(2) Z H +1 [-1.28, 1.28] 0 Lk
4 i=1 i=1 \ﬂ
D
Rosenbrock  fo(z) = 3. [100(zip1 — 22)? + (z; — 1)) [-2.048, 2.048] 0 B
1=1
D
Rastrigin = 3 (2 — 10 cos(2mx;) + 10) [-5.12,5.12] 0 EAS
=1
D
Apline fa(z) = 32 |z sina; + 0.1z [-10, 10] 0 Z %
=1
D
Schwefel f5(z) = 32 (= sin(y/[i]) [-500,500]  —3005.4 %%
i=1
D
> (aF) - 0.5
Schaffer fo(x) = sin(—-"——— )+0.5  [-100, 100] 0z
140.001% (> (22
=1
1.4 . . . . pRaLUN— . . .
12 ---PSO . . ---PSO
k. e GA | 3 e~ GA A
08 _‘._ l__| —_ CAFOABM | - — CAFOABM
v ----FOA 7 2F L -—FOA il
o 06 - ! Q ; 1
m 5 Ly m E -
04t L 1 ;s | il
0~2 _,_._.A."_'.':'.‘-u'.',‘;;‘;.'."_".'_","_'."_':;'.'.';','_".';,"_':;','_. O - s —
0.0 =
_0.2 1 1 1 1 ,1 1 1 1 1
0 200 400 600 800 1000 0 200 400 600 800 1000

BEARRE
(a) Griewank PRi%{

EARIKEL
(b) Rosenbrock %1
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250 T T T T 20 T T T T
200! e PP . she - 1&10 |
150 - o E}SAO A — CAFOABM
- H | ey ; [ .
g 100f o — CAFOABM - g 10f N FQA 7
[aa) : ~ m : L
N i e ssss e nnnas 0 _\\\
7500 2(I)0 4(I)O 6(I)0 8(I)0 1000 0 Z(I)O 4(I)0 6(I)0 8(I)0 1000
LA EL AL
(c) Rastriginank BR%{ (d) AlpineBRi%
25 - T T T T 2.0 T T T T
20 L 1(3}10 1 e 1(3}10
15 v — CAFOABM - Lo, & — CAFOABM A
g 10y T FOA . ] S " FOA 1
2] ~1 23] LA
SH M 1 0.0 f== e
0 iz 05| 1
_50 260 4(I)0 6(I)0 S(I)O 1000 . ‘00 2(I)0 4(I)0 6(I)O 8(I)0 1000
IS PESANU €V
(e) Schwefel A%l (f) Schafferpfi%{
B 4 SRR R e R B S 12
Fig. 4 Evolution process of optimization algorithm for benchmark functions
& 3 ERFARMCHREIT I
Table 3 Comparison of optimization performance for benchmark functions
PR i =R Best Worst Mean Std Time/s
PSO 1.97e-02 1.211e-01 4.116e-02 3.1229e-01 5.4751
3 30 GA 1.89e-01 2.457e-01 2.013e-01 2.714e-01 3.6754
FOA 1.719¢-01 1.9165¢-01 1.8214e-01 1.1629¢-01 1.1279
CAFOABM 0 0 0 0 0.7789
PSO 17.0815 41.931 28.6625 32.1194 5.9317
£ 30 GA 57.4683 72.318 63.1749 22.3941 2.3726
FOA 16.0451 32.1749 20.5574 17.3519 0.9438
CAFOABM 14.1481 19.2271 16.3994 6.26726 1.0443
PSO 14.9244 16.3641 15.2149 6.8315 6.3317
fa 30 GA 31.8437 42.1393 33.9271 18.3167 3.0172
FOA 190.000 190.000 190.000 0 0.8931
CAFOABM 0 1.0e-08 2.027e-09 7.5316e-03 2.8376
PSO 1.1954e-08 3.1954e-06 6.2519e-07 9.2319¢-01 3.119
f 30 GA 9.1152¢-05 5.1217e-02 1.7138e-03 8.3379¢-01 1.845
FOA 6.3178e-09 1.5876e-07 9.9271e-08 6.393e-01 0.957
CAFOABM 8.1778e-07 2.1753e-03 3.4639e-06 8.5117e-01 1.239
PSO -119.1813 -77.4858 -89.7147 16.7396e-01 0.7940
fs 30 GA —78.8464 —74.3175 —77.4693 9.2201e-01 8.72500
FOA -9.870e-02 -1.1004e-01 -1.0703e-01 2.1432e-01 0.91622
CAFOABM -78.8486 -77.9561 -78.6191 4.4190e-01 4.8010
PSO 1.48e-02 4.72¢-02 2.253e-02 5.021e-01 4.371
fs 30 GA 1.3916e-04 3.501e-04 2.147e-04 6.026e-01 3.684
FOA 2.09e-02 1.0403e-01 1.0214e-01 3.8596e-02 0.9693
CAFOABM 4.70169e-03 9.8908e-05 1.37979e-05 3.12526e-02 1.2052
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Table 4 Comparison of Uz, and c2, after

optimal setting

EIzL ROVE  REE CPYE bEE

RALRTU,,  0.991 0.553  0.702  7.147
AUz, 0986 0545  0.647  4.572
AUz /%  —0505 -145 783  36.03
ALRTCE . 0.821 0285  0.463 11.37
MALRTCE . 0572 0417 0476 1743
Act /%  +3033 44632 4281  84.67

H ORI 0, DA e B 2H L R s ik s A2
ORPAH #2 1il] B 3R MARIE ¢y, PR AR A, X B %20
BB 8 B A X IR D T 7.83%. HHULERE T TR
CAFOABMBLIA LR AL BR A T R S Fr AN I &
PABEE IR R
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