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Optimization Design of Holding Poles Based on the Response Surface
Methodology and the Improved Arithmetic Optimization Algorithm

TAO Ran, ZHOU Huanlin, MENG Zeng, YANG Xiaomeng
( College of Civil Engineering, Hefei University of Technology, Hefei 230009, P.R.China )
(Contributed by ZHOU Huanlin, M. AMM Editorial Board)

Abstract: The computation consumption of finite element analysis for structural optimization design of holding poles is
large, and it is difficult to determine the feasible region. The response surface method (RSM) was used to simulate the real
response of the holding pole, and an improved arithmetic optimization algorithm (IAOA) was proposed to optimize the
holding pole. The fractional-order calculus was introduced into the arithmetic optimization algorithm (AOA) to improve the
exploitation ability of the AOA. The Latin hypercube sampling was applied to select the test samples of each member of the
holding pole, and the least square method was employed to analyze the sample points. Then, the 2nd-order response surface

surrogate model for the stress and displacement of the holding pole on the cross-sectional sizes of each member was
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established. An optimization model was constructed with the minimum mass as the optimization objective and the allowable
stress and displacement as constraints, and the IAOA was implemented to solve the model. The results show that, the 2nd-
order response surface model can accurately predict the response value of the holding pole. The solution accuracy of the
TIAOA is significantly improved. The surrogate model can greatly decrease the calculation cost of the finite element
analysis. The mass of the holding pole is reduced by 8.2% after optimization. The RSM and the IAOA can be combined to

solve the optimization design problem of large spatial truss structures effectively.

Key words: response surface method; arithmetic optimization algorithm; fractional-order calculus; surrogate model; holding

pole
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FUFT 2 7 R o e A P K A EE e T A U ) FE e R T e RS i AR, iR T 2 B AR )
XU T, & FHUFT AR FE A0 45 24 P RE 20 B A ™ AR nl 5 B2 AL BE T ST A BE T — e S 25 4T
BRI A ML RLE, SR B VR L 0300 5 o 2R AL AN 2E 4 BB, It T A FROT M, AR YR 2
T EEAA A T AL e Y. B AT, BB R A 2 AT R S5 HRAT R DL AL BT 5T R, B 4T O
BT, XHUFT 25 A ek A B 3L

Pk Ty T 35 2 L A Aok B 2 B OB 4 (0 0 0 & AR AR TR AR I AL SR A AR i 2 H 2
W, HLKCHS 43 Ta] U A 22 e Ak H AR A2 o 2 515 A8 d 22 ) ) BRSO 2R . 20 S 4 s S R0 g sk 288 )
R HAT DL G : O 752080 (5 BOR SR dn s @ SRS [ Lk B 25 b AN JmiB e . Sk
BPA L, Jo & A B AN Z AR BRI AN Z BT MR 2R R S, H i, ot &
A7 BT A2 2 TR AR I R, AR5 (AOA) & 1 Abualigah 5™ 7 2021 4R4& H Y —
T 24T I & U575 AOA G55 HAE AT RFEAS L AL TR M, DA — LA gt o 0 52 A 5 R s 1) B
i . AOA HAT JCTs PHEE 80 . WSl B TR A4 4. R AOA AR RERRAR, (HARTE “ VAT %0 3% 448 (no free
lunch, NFL) & # 7 L) J&¢ Abualigah &5 (1 43 87 "%, 75 A7 b ZE X AOA #E 47 Bl #F LA IE B B &2 24 1) 4R £k [7)
. AOA TEADFE = AL A5 2 22 AR, FEAESR RS BE AR, 255 B AR de R A et . BRIt mT LG 5 A
Jey AR A AR, 25 B Bk Bk R R e A R RE T, M0 AR A SR ARG BE UL 43 BB B3 (fractional-order
calculus ) PR H BRI CAZAF B RRPE B S AR AL, Horp Pires 250D 0 B BV S0k T RESE IR 25 4, ik
3 T B IRIICSERE. Mousavi AT AL SR 43500 B - B e it 1) 1261 0 B s 17 ik U ik i b B, O
B TR TE 2R 48 i) 2 508 ] 85, Deshmukh A1 Rani'™™ F1) FH 2380 B AL 20 a5 7 IR AR PG A6 34 1 B9 W 8I0E
FE. R, SR B B el AOA Bk (EHARIFSY.

KAILERG AT Tl 8 Ok v AT, AT R A5 A, ST A s v, i ELR ol T £ 7
fiff T R £ RS AT BROCAMT 045500, UE T S0 Ak Qi b A QB Ry vkl i /D AR A 8, M 5 5
PRI 258 SR CRO{E 40 st e UL 4 7% ) RT3 AR ] LR R el /DN 5 A . 2 i g R B AR ) 45 22
i 7 TR 28 | A8 1) i R RS AR | Kriging ASEAE AT T Aol 425 ) 248 A 0 25017,

ARSCHE T — R B AR TS JAOA), I A EUN Bt AOA W JRFAE R AE T, 1 T8k
P18 SR FffoR 3 RN AR 32 . R FH IR 07 TR 72 (RSMD) A4 AT 25 R AR BASE Y, i TAOA 5 RSM AMHZE &, XHELFF4544
HEAT AT
1 AOA

AOA FLIFHILRAL . IRR T & = M0 M B, AOA SR BENLA: s figt i 7 205e LT i 1. AOA By
PREFNTT K B Bt o0 5l % o P2 B4, IR B B FRRTE () FISReik (), i A& B Bk sk (<) Fii
®+).
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AOA SR (D) BEHLAE v tnfi X, b N Al d 43 53R i A B0 458
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_x1!1 e -xl,j cee xl,d
X2,1 e xz,j e xz’d

X=| - . . @)
xN,l xN,j xN,d

FEIEARTF R Z T, S B AR I S R4 I B RAE IR R AT R Z [l 46
rMOA(I)=rlr\n4i8A+tX—’Jl\r/ioi_rl\n}[18A, 2

For rvioa(t) A M HTIEACHY r (8, ¢ Ry 2S00 2% AR UKL, rdin, FlLrmax IR ryvioal(?) 14 55 /NME FI R KAE, 43391 B
o.z%ﬂo.9, tna FEFRRIEICUREL.
1.2 BEME

AOA MR B B A B 6 R0 e 15 355+ A2 s o A (8, LUK UE TR RN 1T 2 R IRE W H
Fr. AOA FER B B iy B ik 20k

" xéest‘j+("mop+E)X((xub,j_xlb,j)x,u"'xlb,j)’ ry <0.5, 3
bl xf)est,j X Fmop X ((Xub,j = Xib, j) X U + X1b, j), otherwise,
tl/a
Tmop(t) = 1— o 4

max

Hrpa s e+ 1 U\L’TJCH]L% PR SR U, xRt UGEARERAR B B DAk 56 RS S, ¢« D BR AL
b, Al j A EFS j AEAR S 0L BRAEL, gl R I 2 R P 288 2 p<0.5 i, *Fﬁl‘f%ﬁ?a&ﬁﬁ%ﬁ, ez
Ux%i!ﬁ’ﬁr?. ’ﬁl%ﬁﬂﬁ%irmopjﬂ AOA 1) F & N FEL, rmop (VAN ¢ YK 1 BREE. o U AL,
FHORAZ M 502 AR HE AR SR [9] P A IRERIIE, 2 o HX 5, wli 0.5 I, Sk A PERESRAT.
1.3 FEME
AOA [ SR M2 A FH Bk MUIE 1K AT 0 A BEAR AU EL. AOA T A B 1 T IR A Xf
LRI TR IR, X PIRHE R AR AT

t
il {xbest’j_rmop X ((Xub,j = Xib,j) X 4 + Xib, ), r3 <0.5, )

ij t .
Xhest,j  Fmop X ((Xub,j = Xib,j) X f+ X1p, ), otherwise,

M 13<0.5 B, R HIE A TR, SO R AT
1.4 AOA MIfEILiRTE

25 Lk, AOA MY AL B S AR Bl R MIL A0 6 M 1R 1) FE 38 M R b R vy, 7 A A e O v g
BUE B AT 58 AOA WAL TR AR W Il 1 B .y A BEMLEL, 5 ri<rvoa BF, B85 BB i AR R B B 24
ri>rvoa B, S HE AT & BB

initialize the initialize the ond
R
AOA parameters candidate solutions —l
determine the . calculate the | Y¢S Wil 11 no return the
best solution fitness values max best solution

update 7o, P <

division multiplication subtraction addition
operator operator operator operator

t=t+1 i
1 AOA fifbiifs

Fig. 1 The optimization process of AOA

1.5 ACAWITHEZE
WA AR | 38 0 BE PR TG AR A BT 5 AOA 4455 2R 85 1 = A e R 22 Wl tA Ak R &2 4
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N ON), Hoy N FoRFEER/N, EH R E ZRE R O(M x N) + O(M x N x d), Ho M FR AR B, d Fomik
THE R AL I, AOA BT AR ON x (M x d + 1)).

2 TAOA

21 EFHEMMSHBERIERREE

TE AOA ™, X T4 Jay foe UL A AT AR AT AR 1) BECRT SRS L DR, X6 LA 7 el it vy DA e B0k ) 1580 B
WSS BE . A3 5B R ok [ R A L S 107 LA B A AUL A PR B B T AOA T & B BN 4 SR e A
JRi RIS R, 2 TAOA, I FH kA g e v 4 Jmy e 0 ik 9 5 S8 0T 4 Jmy 35 L i 14647 5287 . Grunwald-Letnikov
(GL) /B B 2 oy

DA(x') = lim hid Z (—1)V(§)x’—vh, 6)
v=0

(4)- T(A+1) CAA-1DA=2)--(A-v+1) -

vV T+ DI(A-v+1) v! ’

Horp D'(x) i A B GL 238541, T(OFRR Gamma pREL. TERTHIUN RN, 2 (6) TTCE

. Loy T@+ Dy
D=7 ;( Do v’ )
Forb TERAESAM, r J2 Z B AP BOCACBR TR, X 2 AR i 24 =1 i, 2 (8) TTRAME
D'[x'] =X =X, 9

Horb D[x] AR S Y 25 0
N TR B SORME SR FE B Rl R BT, KX (9) 5 (5) 45a, nlAs

Dl[xt+1 ] L _ —Tmop X ((Xub,j = Xib,j) X 4+ Xip, ), T4 <Q.5,
best, j best, best,j T'mop X ((xub,j - xlb,j) Xu+ xlb’j), otherwise.

BT GL & LB S A AL (10) 7115

DIt = —Fmop X ((Xub,j — Xib,j) X 4+ X1p, ), 14 < 9-5,
best,j Fmop X ((Xub,j = X1b,j) X 1 + Xip_j), otherwise.

FIFHZE (8) ) GL 5 X, Al 4% T=1 B8 (10) Yk,
T2+ Dty {

(100

QD)

_rmopX((xub,j_xlb,j)X/l+xlb,j), r4 <0.5,
Tmop X ((Xub,j — Xip,j) X 4 + X1, ), otherwise.

Dt J=xt 4 1y bestj
et 1= best Z( PTG+ DTA—v+1)

i TS 4 R LR B B A
A+ Dxi+lv {
+

(12>

~Fmop X ((Xub,j = Xib,j) X 4+ X1b, ;) r4 < 0.5,
Fmop X ((Xub,j — X1b,j) X U + Xip_ ), otherwise.

t+1 . v best, j
=N 1
Thest szl( "ToeDra-v+ D)

VEFERT =15 S s 5B Y A 2R e (=3), Wl
+ %/l(l ~D)x

(13)

1
t+1 t
xbest 1! /lxbest

—Fmop X ((Xub,j — Xib,j) X 4 + X1, ;) r4 <0.5,
Fmop X ((Xub,j = X1b,j) X 4 + X1p_j), otherwise.

best

1
b A0 = D@ = DX+
' (14)

22 IACAMIItEERE

AOA MR ZEE R ON *x (M x d + 1)), IAOA FFAR MR JF L I i Ak B2, A R GE Y S AT 4>
Jey b D 0 S AT T et ph e (S) RN (14) T R0, BB HE %) 24 A7 4 S o O A 14 BT QO ARS8 ol () 0
TR I, TAOA 5 AOA HAHHIE M58 4.
2.3 1AOA Wy s iE

I &AW SIUE SCRE AT LAET XA, AT DUER X S AR AR R b R AR ¢ B 2007 N
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x(0), x, W R A RN RS, WA I SOE SR,
lim x(t) = xp. (15)

TSR FPRE P B BT AR TR B SL, AR R AN PR AL, iR BIREERAS, BRI A SIS, ARV
Xpest THEAFIAZIE. TAOA F1 AOA AH IR, FEFF %2 T W2 ) U IR B8 ok SR A3 A 2% FEE AR A1, F55 3l Bk
s rEfe. Ll (5) A s

: +1__ .t
lim x"™ =x; . + {

—o0

Selales, h=(4) il 15
1/a

1im Finop() = 1 - lim —=0, am
t—00 t—00 tm/a‘;'(

FRODRAK(16) 775

1+1 :xgcst. (18>

—Fmop X ((xub,j - xlb,j) Xu+ xlb,j)’ r4<0.5,

. (16)
Tmop X ((Xub,j — X1p,j) X U + Xip_ ), otherwise.

lim x

A (18) AT, B LA AHEST, TAOA Hh ity i A KL 1~ e 2 BB 4 Jmy Foe R 1 BT e A o2 B, IR i vh
IUE IS T2 TN SER

3 RSM

RSM 3R B RIS H-H A T He b LRI A KGR 2 18] 1095 28 H 403 — 2% 2 Tl 0 S R ikt el
Fa b AL I, RSM I 5 — s KRR REAR SRR AR (L, 3002 5125 b 5 4 M S b i ) 6 B e ik
2, Hg 3 T G AL RO AT, 52 RBERLA X AT BT A RO BR AR,
LRI X SRR » 2 FII0C R AT F R F%:
Y(X) =3(X) +6, a9
RO 7 BREC, BT, & S A4 i WA TS0 AT L Sl

9(X) = ao+ ) api(X), (20)
i=1

Forp ag T ROR, a; J5 A FE KA FR B, n o5 pRBCINE e e L A TS, di(20) Rl AR R
LA

)AJ(X):a0+Zn:a,-x,-+ia,~ixi2+ i aijXiXj. 21
i=1 i=1 1=i<j

IR TR 125 [A] s BEAE A A, 10 o, (X)FITRT N7 [ L S0 7 2% £ SR e/ e, Dhim 25 e/ MEh H
Foe, b g 17 1A I AR TRY 18 R W @ AT AR, SR AR 7 4 B A e ik =X, g oz e X BRI fr ) R
BT BT AR 2 S B X T T AR A 22 i R A 2 (R R 2R A, TR v i (o 7 TR A7 i e e Ty
e BT ST T G R T AR HE SEME R REAIL 1 58 07 4 S 001, AT D e A 2 8 6 a5 A5 381 A v A %) e . T
U FE.
4 JrHeie et

A SCHFSE AT = N 87 m, &5E M #E N 7 600 kg, WA 2 FrR. A0S 26 FdndiETy (3 m/7Y), iy
1,52 m x 1.52 m FIEHTH . HOAFNA R Q345, SR N 206 GPa, %54 7.85 x 10°° kg/mm’. HFFA71HE
T BIFFE S R AT REFTRURHRE, 2 D7 T 25 O A . B — AR i A RS e AR i, ST R
IR R YRR, AT T i/ ME A DAL BAR AT Db BT, B i it A8 35 B O 5 & JAF 8
AT AT 7R
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find X=[by,t1,b2,12,b3,15]",
min W(by,t,by,t2,b3,3)=15 546.76 +2.731 8 X (4b1 1 —4t%)+
3.824 5% (4baty —213) +3.631 6 X (4b313 - 213),
s.t. 90 mm< ) <150 mm, 6 mm<¢; <12 mm, (22)
40 mm<b, <100 mm, 3 mm<z <9 mm,
40 mm<b3<100 mm, 3 mm<7;<<9 mm,
o-0<0, d-d<0,

Horpr X et As i, G AT RORA R by FITERE ¢ BFF RO E by FITERE &, SARMT AR EE by A
L 15, WORHEAT B SEPRITRE, o A o233 B R R T3, d A d o35 i (SR R RS 7%

SPGB

4

) S04 T
/N

mkv“m

DIRDIX

POANA 4

2 Jfr
Fig. 2 The holding pole

4.1 HWHERTER
JAT AT T AR 22 R TR S TR JEAT A L AR Ty mr 2, KUer e, B CROA M 4 S 1 A 224
i), VIR G T AU AEAT S5 M #EAT AT BROT T, 15 BT RS | B R ) FHEAT it
4.2 F 7GR EREE
S NI UCRL, = T IRACR, SRR T S T IR B 2RI 30 MREAS A, il FROTIHTAR, T4
AR R EE R PERESE bn . A R 026 1 s,
SR /N 3k 43 SRR 3 15 A% ST A AR R 58— e i R A2, BT
& = 0.027 5b% + 0.089b; 1, +0.207 22 —0.014 Thyb; —0.057 9byt; +0.001 253 +0.030 41,b,—
0.453 8t21, — 0.039 1t2b; + 0.071 7% —0.007 5h3b; —0.069 9b3t; —0.002 2b3br—
0.000 2b31, —0.005 7b3 +0.043 6135, — 1.092 2131, — 0.102 Tt3b5 + 0.245 41312 +0.004 213b3+
0.841 15— 0.719 3b; —0.303 8¢, +3.183 4by +0.265 3, +2.476 0b3 +0.440 113 +0.058 6, (23)
d = 0.005 867 +0.150 5by 1, +2.093 312 —0.033 8b,b —0.371 4byt; —0.020 0b3 — 0.118 3125, —
1.940 31,1, — 0.086 8t,b5 —2.438 115 —0.023 3b3b; — 0.286 6b3t; +0.003 8b3b> — 0.075 Obs 12—
0.010 965 — 0.305 O35y —2.952 1131, — 0.241 3135, — 0.822 2131, — 0.152 dt3b3 — 1.494 55—
0.867 8by —32.942 21, + 12.184 0b, + 78.867 61, +8.409 9b3 + 121.475 813 +20.672 2. (24)
SR U5 26 53 Hr i XAt i 1) AR BB R AT VR PEA 36, 1R 227 5 67 ARXT P28 X5 R 28 Spaag AIAHXS iR K
YERFURIE Sppmap HIEMATHR T
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i
§=1-— , (25)
2,05’
i=1
o i
6RAAE =, (26D
m
6RMAE=max{5)1_yl,---,yi_yi,-n,ym_ym}, (27)
M Vi Ym
Forb m g BEA LU UEREAS s 80 BERLIEI 10 MREAS S EA T HERR PGSR, 25 2R AN 257,
R OURERRL T B RO TSR
Table 1 Latin hypercube experimental design results of the holding pole
number b/mm t;/mm b,/mm t/mm by/mm tz/mm o/MPa d/mm
1 112 10 41 3 81 7 112.776 618.502
2 96 8 46 8 73 6 144.207 855.603
3 145 7 87 7 76 4 112.785 640.648
4 147 8 56 4 96 7 112.759 589.670
5 131 11 94 4 44 8 112.745 503.594
6 91 8 85 4 49 5 154.753 879.046
7 143 10 86 6 58 4 112.738 496.787
8 90 8 71 8 81 7 157.628 931.646
9 127 9 65 6 87 7 112.765 618.600
10 109 8 93 6 56 5 120.008 741.433
11 104 10 49 9 60 8 112.789 672.708
12 115 6 47 6 84 8 158.176 925.155
13 140 12 55 8 67 4 112.725 455.399
14 110 9 51 3 60 5 112.800 672.017
15 137 9 92 4 79 5 112.755 563.238
16 128 10 63 5 85 8 112.750 571.317
17 94 8 84 7 80 4 147.380 865.021
18 141 12 64 6 86 8 112.726 472.743
19 121 9 52 4 87 5 112.793 623.275
20 123 12 72 6 54 4 112.746 498.627
21 120 7 76 8 99 7 123.901 800.895
22 106 7 54 7 88 9 147.233 893.174
23 97 11 56 4 94 6 112.787 667.220
24 100 7 76 4 68 5 158.786 903.924
25 147 11 45 4 89 6 112.729 467.172
26 119 10 50 6 50 9 112.764 590.889
27 129 11 69 5 49 3 112.746 507.854
28 105 7 88 4 95 9 148.844 902.907
29 144 11 98 5 91 5 112.723 480.494
30 127 10 87 5 52 8 112.753 558.483

2 2 A, IR 22T 60 AHXT L XF1R 25 Spanp FIAHXT B KA XT 1R 5 Spaag 173 W X 8] 23 3 Ky
0.9~1,0~0.2 F10~0.3.6 FrnEL(E 50 Ny AR 2 [8] (ARRIRRE . R® BGEUT T 1, BRI ) 4 Ry L)
TRZTRIE s SR Ang Ormag TEAEIT T 0, FE WIS 41 25 T JR) TS 150 22 /). Wi 17 T S 751 P B LR AAS S G B0 235 SR 240457
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TRIE PR A, HARRAIT T e DL {EL, W1 Bkt o 1o A TR LA R G U5 1
F2 BB HLREAR SR R4

Table 2 Test results of random sample points for the response surface model

item & ORAAE ORMAE

o/MPa 0.9257 0.0115 0.0635

d/mm 0.9774 0.0195 0.0174

high adaptative interval H 09~1 0~0.2 0~0.3

Sl iy, A B8 P BEHLE £ P AEFEAS 55 51=130, 1,=9, by=T1, 1,=9, by=41, t;=4; b;=138, 1,=10,
by=43, 1,=7, by=57, ty=4 FRHEATRAETEI, BE T 25 05 Wi 7 T R SR A5 R e 3 Fs. BEALARREA 11
IR A IR/ N, W .

R 3 R R SR AR

Table 3  Test results of random non-sample points for the response surface model

number o/MPa 6 /MPa stress etror €,/% d/mm d/mm displacement error £,/%
1 112.7705 111.0160 1.56 576.5725 585.7213 1.59
2 112.7441 115.6223 2.55 515.2002 535.5826 3.96

43 izt

FET RSM A8 9 10 3 A A% 114 vl 1y T A QAR SR H] TAOA XHEAT#EAT IR, L0 254 R 1T PR AL
HEAT AL P

G -0<0, d-d<0, (28)
HAFFAE R S o B 235 MPa, VNS d B 500 mm. SR TAOA XA HEA TG4k, R T A I8 sl ka8 vk iy vk
e, B B 5 it 15 Bk (genetic algorithm, GA) | F T 5% (particle swarm algorithm, PSO) |, % K HUB 1k
(firefly algorithm, FA) Fl AOA #4715 bb, 46531 EZSEMRALEE AT L WL 4. 5. Frfs BIEFEEECH 10,
B RIEIRECH 100, 4R FH 5T s B IR 54 AT IR L B S A S 1248k, DUECR A R IT
AR AR 07 T R AR AT A T B A BT A (] B X LR LR 6. 16T 345 Y T AP R kARt £, o £ ok H bR pR B
(38 I BEAH, ¢ R SRk RER.
x4 BHBENSEME

Table 4 Parameter values for each algorithm

algorithm parameter value
type real coded
selection roulette wheel (proportionate)
GA Crossover whole arithmetic
(probability = 0.8, o = [-0.5, 1.5])
mutation Gaussian (probability = 0.05)
i . L (€1, 6):(2,2)
PSO cognitive and social constant inertia weight . .
linear reduction from 0.9 to 0.1
o 0.5
FA p 0.2
Y
a 5
AOA
u 0.5
a 5
TAOA
y 0.5

M 5. 6 FIE 3 AT LA H, TAOA 153 T HIAF M Fe L vei T 5 &8, |40 39 780.55 kg, 5#1iR¥eit
AH R T 8.2%. HHER T GA. PSO Fl FA, IAOA REFHH /D ISR S (25 45 ) SR e T 6. MR
F AOA, 5 A BB L) TAOA YTHEAKE 45 2 IH i (s, S sk Bk Rl e A i O BE A58 TR T 5
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W [RIEF, SR FA R JC HAE 3T HOAT S5 4 4T 1 000 YR 43 A BT 75 B 18] 4 24 060.15 s, i 35 T 2o 178 55 AR B0 v
RSM XHFFEFT 1 000 YRMHTHNTTZE 0.06 s, S E FEAK T THA AR,

R 5 ARG L

Table 5 Optimization results comparison by different algorithms for the holding pole

algorithm by/mm t;/mm b,y/mm t,/mm by/mm tz/mm Wikg evaluation number
GA 146 11 40 10 40 10 40 721.26 1 000
PSO 150 12 40 10 40 5 40 773.77 1 000
FA 144 11 59 9 85 8 47 689.62 1000
AOA 150 12 40 10 40 4 40 164.25 1000
TAOA 150 10 40 10 40 10 39 780.55 1000

£ 6 HUTILALHT SRR

Table 6 Results comparison before and after optimization for the holding pole

situation by/mm t;/mm b,/mm t/mm bsy/mm ty/mm Wikg time 7/s
initial 150 12 70 5 70 5 43 335.21 24.06
IAOA 150 10 40 10 40 10 39 780.55 6x107°

T T T T GA
4 +- PSO
6.0%10 fe - FA
41 0()0[ ——————— l AOA
i G | il IAOA
| |
r 5.0¢10°F [ : .
‘ 40000 “__ -2
2 70
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Fig. 3 Comparison of convergence curves for different algorithms
+ A
5 4 e

ARTLHEET RSM A TAOA, SR EE M T LA DL F 0 BB B 51 AOA BB 4= SRy fre Lk, M HI D B2
2R A AR A AE S, BB SE AT RORG L K RSM S ASFOL AL BT ID, AR T AR ) FIALRS G T H 32
FF - RS AR AT R ST B AR, s 57 U AT it i de /M D A6 FUAR, SR R FERS 2SR 2% A,
PR R 2 i AR SR TAOA X FT AL A B HEA TSR A TR 25 SRR W M A — o i
RIS B 6 A AST AL AT 45 440 14 i 37 {5 AH B TR AOA, TAOA IR ffAs FE A5 31 B b i, HL Bk i Jmi
FRALAR B RE I3 2 1 $E Tt w7 i A RS (R F AR 1A BROC M B 5 AT SA X, i ELBE S 1 ARl A7
fige ] RE -3 B A AT BROC T A5 AN A QAP T 04 TR0 5 S5 0 R AT B, AR 2 B MRS R 0L T, LAk
JEAFTASAE B4 B D, DSR2, SR B AR L B pdidz 1 8.2%. B 1] RSM 1 TAOA Rl &Ik
i R 23 [AIFT R A5 A AU AL BT RN, AOA 1y — i & e BT IR A U, AR ATE 5 9 4 6T | S lm)
> IR SE TV, SR m Sk R ORI, DA R i 2 o s ARS8 R R AR A R A B Iw)
WL X TR TS5 22 FARAL B, i ol LUK FEFE T Pareto SCHCHIZ HAR AOA.
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