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STUDY ON THE CONTROL ALGORITHM FOR
POLARIZATION MODE DISPERSION COMPENSATION IN
OPTICAL FIBER COMMUNICATION SYSTEMS

ABSTRACT

In recent years, to meet the need of communication capacity, the bit rate of
optical fiber communication is improving all the time. The polarization mode
dispersion (PMD) which was not serious in low bit rate optical fiber communication
becomes the main signal distortion factor for high bit rate optical fiber communication.
Although the particle swarm optimization is a comparatively good algorithm for PMD
compensation, the noise in the optical communication system makes the algorithm not
satisfied, and needs to be modified.

Particle Swarm Optimization algorithm is a direct search algorithm has been
widely used in various types of optimization problem. The comprehensive learning
particle swarm optimization (CLPSO) and the adaptive comprehensive learning
particle swarm optimization with history learning (AH-CLPSO) which we will study
in this thesis are two sorts of improved PSO algorithms and use in adaptive PMD
compensation system. They improve the iterative equation of the particles’ velocity,
as a result, they have improvement advantage of fast convergence to the global
optimum rather than the sub-optima. The main task of this thesis is to get an improved
PSO algorithm and to test its performance in the control unit of PMD compensator,
finally elected performance better algorithm applied adaptive PMD compensation
system control module. The work in this thesis is summarized as follows:

» The program code of the CLPSO algorithm is given and its performance is
tested. The result reflects that this algorithm converges fast and will not be
trapped into sub-optima. The only disadvantage that the algorithm has is the
slower running speed than the PSO algorithm,

» The program code of the AH-CLPSO algorithm is given and its performance
is tested.The result reflects that this algorithm converges slower than the

CLPSO algorithm and also will not be trapped into sub-optima. Due to its
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more complicated construction, it runs slower than the CLPSO algorithm.

» The DOP map which we get from experiments is treated using the CLPSO
and AH-CLPSO algorithm to test the efficiency of the improved PSO
algorithms. The result reflects that the CLPSO algorithm is better than the
AH-CLPSO algorithm. It converges faster and will not be trapped into
sub-optima and is easier to find the optimum. Also it runs faster than the
AH-CLPSO algorithm.

» The two Algorithms will be used in the (DOP) "map" which is researched
from PMD experiment .the test results show that: CLPSO performance better,

it is faster, and easier to find optimal value.

KEY WORDS improved PSO algorithm Particle Swarm Optimizer

Polarization Mode Dispersion Compensation
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BILFCRA T SKBAME . ZEAMERGET, WHmIRIEHISHER. —RERMHT
KR AR, —RERWINIES AR, BT/ T 4238 B S I ) o

32 SCERCOSRE A S SR P I R R R 1 R R B — KR FE A IR
Wi, SRR TR A RERERATAA, SRBERIIHEKRA. BT
KBRS T B,

ARl 7 1) aRHT R AT

s

/48K 1286 ) 1/48

B2-12(a) AEF4L A KB 9 Rk H B

Sy AT aa 7 1)
Oon

A2-12(b) AERIH LR thbiRis 4] B
Bl 2-12(a) F 53 KRB 14 R R—A 1285, =R ARTEL
ek . B 2-120)FRIEANFA A TEEHR 0 £, 45 FR 0 E, BANFEAKIX
P I A, HRERFEEE, whRF Iy a LRI, #uk
MR R, WA RPIRR M RPI%%, TURSRFRHCY, d
ARETRMRARBHCY, BRARHLHEEERMFEHEREN, TERNS
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b K 2E IR 2247 18 5T FZE R EREPMD)H

PFFRE 2-12 MIFBFHERRRZESR. TREBHERMRBEEHR, Sk
FAER AT LA S92 R FC 70 39722 ) X N DR A5 0 Jie i . F 10 2 DU 50X F A s
#itl .
S Th R e 12 1 88 S AT

BRI LA A iR 2% . =BT BLAKKR N6, , 6, ]
6,,, BREE TINS5 EMRR, 172 A KERER S

¥4
( cosf, sind, ) exp(J 3) (cos 6, -sin 6,,) 22)
-sing, cosg, 0 exp (—j% ) sing, cosg,
BIAS 1/4 B B RERE 43 51 R
T
. j— 0 .
( COSBql sin aql) CXP(] 4) (cosﬂql —Slnaql) (2-3)
-sinég, 6 in 6,
sing,, cosé, 0 exp(~j Z:_) sing,, cosf,
.1
cosf,, sinf,, exp(J Z) 0 cosf,, -sind,, 2-4)
-sinf,, cosé,, 0 exp(-j 1) singd,, cosé,, .
4
W) =A% J RTR JS BV B0 1 S R R
T(6,,6,.6.,) = —c?sacosﬂ —{'s.inﬁsin y sinacosf -~ js'irfﬁco.sy 2-5)
7 ‘ -sinacos B ~ jsinfcosy —cosacosp + jsinBsiny

K, a=6,-6,,8=20,-(6,+6,),y=6,+6,,
5B PR A G 5 i 3
W= BRI R R RAB AR 300 6, 0,0, WENIRITE 5 5 5 B
450 A
(cxp(i¢, /2) 0 ) ( cos(d,/2) -jsin(g, /2)) -
0 exp(-j#,/2)) \ -jsin(¢,/2) cos(g,/2)

exp(jé,/2) 0
0 exp(-j¢,/2)

( cos(¢, / 2)exp[j(¢ +4,)/2] - jsin(,/2)expl (¢, - 4,)/ 2])

),ME¢&HﬁﬁE%ﬁ%%

—Jsin(g,/2)exp[- j(4, - ¢:)/2] cos(d,/2)exp[-j(¢, +4,)/2]
SXPFH SR B e e 12 ) B8 A0 T LA S BRAT B (i A 22 [T O
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b i R YR R T FE mREARPMD)FME

2.5 KT

FENUT WWECHEFIANTERNIR, BE T W Az,
(i 3 PE AU TR 5 I i 4 BE 5 D A A2 420 L 2 2R LA R i FE BB PRV O S R S TR
FEMET ISR R A RS = P R R A iRz Ela a6, 8
T AR e R € AR A AMEE SR B TR 41 T BIRRLAL
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b R F KRR 2R 3 H=% PMD tMREHIE LR

F=E PMD iMEZHIEEHAR

£—Fr PMD REHDLEAMES, Ll DOP HiZ4/5S, DOP X, R4H
AT RN o I FTEERE IS (] Y R E IR BIRAR, X R RS 51 G T S R
H ) B

3.1 PMD #MERITHIE £ REIR

KF PSO HIEMAT—Hr PMD B IE N AMLH 1 i Bl 3-1 Fiox:

el sl i AN AN

ETPSoHERT |
BRI 5T

M3-1 —MPMDAEAMEN ZBEE
iRt B HME RS E = HRK: PMD #5138, PMD M2, EBEEE
MIEHI B . PMD #H1287=4E PMD; PMD #M2325M% PMD; K {i{k M PMD
R4 BEE RS HIREH TS PMD #M224ME PMD.
—Br PMD MR AER W E 3-2 7:

1
Signal with ] . ) Compensated
1%order PMD 1| FPC [7|Fixed DGD 5 Signal
LA _A A_ _ e ] )
“Logic Control Feedback Signal
Unit Sampling Unit
(@)
e i
Signal with i L Compensated
1*order PMD 1] FC j7 Var-DGD ! Signal
L.a. Y PR YO
1%
Logic Control Feedback Signal
Unit Sampling Unit
®)

B3-2 —KrPMD#ME B eif mes 4. (a)DGDEIZHAL; (b) GDGT EHA
PR B M 22 T DLAME — BT 3B 4 B RIS £ 8 (B PMD i
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2|y Nl T e AT =% PMD FMEIEHIEIEIA

R, EHFEAN—BrMER TR (B 3-3) .« HTHE B ELEE,
BB ERBEEE, RETE. RIEH B ELE R, BHEER
Bzt 6 ME TN 2R, BT 6-BHEEHEE 7-A i E R,

i i
Signal with PMI) PC1 | Fixed DGD |--b PC2 [-{Fixed DGD |- Compensated
up to 2"-order [ : L : Signal
iy wouy W Wil B 1y Yoy ey WilpSmm—
FET P |
Logic Control Unit I—‘-—[ Fe;:z:i:‘ﬂ:'ﬁ:?:
(@
i ittty i
, . - - i ‘
Signal with PMD_ L} pcy || ixed DGD [H{ PC2 || Var.DGD | Compensatec
upto2"®-order | : :_ i Signal
LA - —teimimmm = LA A AN
B - |
Logic Control Unit (] Feg‘::;ﬁnsg'g&':ilt
(b)

B33 ANRGREEHKAEAIMEBLH,. ()68 QERH; ()-8 dREH,
D-H MR BRI R . RAEHEE, A DASH, E£D%EZN
FREAFRE—RBES (BESERSRER DOP 55) MERBEKE.
¥#EERFRA:
MAX ( function)

parameters€P

G-

KA, “function” & H ¥R R %, 7€ PMD #MER G+ ] LUE DOP, “parameters”
AT LA S B K/, P RIS “parameters” F7ERITERE . @il WA 1R
FiEHI2% LB EEER N £70, BIARARME. N BRRTIMZE XA
4K,

DOP 5 {3k B 525 fh i JE i) Stokes ZERIX R T :

2 2 2
DOP = _____‘M (3-2)

(]

Her, s, 08068%, BABREN, HHI=ZASELNETHMEL R
WA BZBIMEREE, S AKFRELMERDSE, S, 045 wikDE, S8k,
hliEwiR s &, Feemit, DOP=1; XT#HMWikIE, DoP<1.

% 1 o P ELE B A 1 . —TE T 30 R 00 PRIV B S N SR8 B 1 i A
B 3-4 RS s hl M2 88 BT B R 4 B 2V~ 6V 3 I T I B 20 i) — 4=
BEAREBELERBAENHER, TUFELREHERZRTRLFAREXE
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b AT HE FB K2 B A8 3 HE=F PMD AMEEHIFEA

b, BAFEVEZ RIS, ASMPEBCRIIGEA . 8 28 B i 2048
i, DOP MEKFEHMRERIMNHL . XFEEFFEATUTHEE: 245
BIERAE S, POEKSRES), FIRERES, A2PBARBIRMENEES .

B3-4 5 AN EE K PMD4ME £ 2 A7 13 49 DOP A
Bl 3-5 A I P R AL )y PMD #MEsERBT1S DOP Z /4 404 I o
Bl T A] DA i f TR ARBREEAE P B 3 DOP H 43 At 0«

6 |-'- T - T T T 419 - r—;—.'.

55-9305 S o L -F'_

5%13 _
’gis o5 P19 o

wsfo st e :
R e

gl A e

25F..-L DU

o) LI i) 1 AR L - 1
2 25 3 35 4 45 5 55

B3-5 =4 @A E T _HPMD4ME £ 1 AT FDOPH & 4504 B
SR PEE L MR IR UGS S B DOP, RBAIHIER, RIgEHE
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By N e e S VAT F=F PMD HMEEHIFIESA

EARHE /2216 DOP EiRE RIZN PC, HOURM ELKEE, ATIESIFME N
PlRiEAR (PMD) B #. 7E-40-75ps TGHI AR iEL, FA113F DOP
B8 DGD LR %k, i DGD MIRME T ik fa 0 (PMD) #)K/,DOP B
DGD H)38 KT 538 T B

32 EHRIEZENA

BB ASMRE R IR AR E I AMET KA EEA R TREMEZE, £
REFERAEHRNFE, H—: BEERZRERFEWEKR, E—ANREK
BAESEREETENER, NIARZIERPNEERR R, 2. BEHEEE
SHPRTBEEHEHERE, >)PASBARTREKE, ERHFfkEikice
R AERAME s

R T BHL AL H Ik (Particle Swarm Optimization(PSO))3 | A\ ZI| i Rt o B B
ERLAME, BT REFIRE, KRIER, PSO AR RIFMPIESR S, B
R H BB RMEAME, RIEREEMEN.

3.2.1 RIFEM LB % (Particle Swarm Optimization)7T 43

PSO HizR—FHEEHERHEY:, H Kennedy Al Eberhart T 1995 42, B
Vs EHER T ALE R RME ML . PSO BVEN A, B, BTN
ZHLRBEBRAIEEEFN, ANBEHETLAEL BARRE, X—SEEE
BRI EHRZEK PMD M2 &

PSO MUl B HMHRT A REEXE— MR —HEEBNEREY. X
MBERE LY. TENSEADERYERE . BRAATNE 2 50 KA
BEEAYEE L. BLAKIBYHERNFEEAARIRFEFTHANREET
ERIER S/ e i R o) L |t A

PSO MIXFER P AR BRI A THRRMALEE. PSO &, B MUALRE
- MEERERERTH RS, BRIRZLH “BLF” . BERRTFEHE
WA R BB RENAE, BMRTFERE —MEEREMIIN AT mAES.
RIERFATRER L B F R m g g™,

PSO AW A—BERENLALF. REELBRRI BB £58—KEBRF,
PFEERERAN “RE” REFBED. B—IRENTEERIVBNME. X
AMEBANERAE S5 RENFE B i R BN R UE. XMRER S BRE,
Bist B3 2 GPSO Hik, HIMELTT LA AR RS AELFHMIRTHES
BE, BAEFESEPRMERZRIRE, NN E LPSO Hik.
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65 B R S B - 22 A8 X F=F PMD AMEEHIEERAR

XtF GPSO M1 LPSO, AjHEEER, AIBEHSBARTBEML, & WSE
Ee—t, it RAEBARIBREMR.

3.2.2PSO i p )R8

PSO H kW K 2| #1824 = 8] P AMEKIR AT K, BAANME(particle )EB AT LA
BRI RRERNTRTIC R . EBREHRP, MR BFRES 8 e
B, SEMZ LS ZREMENER, MR —AMMERIGL B B AR
BRI, REVMIIZBMER N RENRE, RANEECLRITEE
&,

PSO HEEE XM MAE T HE R £ 4 2 [ 18 R 9 B — /M, D 18 R 216
PAME | LB RETTURIRA X, = (x,,%,5,-,%,) » MK i X B S UL B 4701
EREBP=(P,P P)WBERIZ, MM i WEBFRETUE R
V,=WVisVir Vi) o EF—IRTEASP, EEMERHBEMEANME | 5TEAR
—EHBORMNEAE A BENMR)T, SEERRENMEIERERP,
Fr, Py RESARNME P REEGER, MAMERERE REHITHEY,
RERZXNMEERERTENMTHNERE. AEERENEY S, ZACH
Hi B A B R B (P)LWHIB S ERER M NG S, SREMRTFLE
(P )FEWIRIFR 2 e FREBAE 21385 . PSO BVEMEA LT A:

(D7E D EH R R D YIRETE MERI AL E g,

(kB D 4 & TH HIRREME,

GFMMEK B RBER B SRR B ARTHR, RUEE, Fida
BRERKIME, FURERE,

@OEENMEARMBERFRRERR, WRARE—IMEHERRK
BERT AR E, WERZ, FCEBRFNMMFESRME, FURLE,

G EFEEMLE, FNT—KER, HERLSLKIEEME.

PSO Hikh, WHEEMIIBRME TS KIILRARME, ENHT PMD A
BN AME R KR ), A 0 Bt ik P TR SR B 5 AR A R 4 o
MEZ RIFIR ST IR

323PSO B EEEHMAR

LEWE
BHIH PSO Bk, EEMULBEEHNAR AN
Vy =Vy+¢,*rand()*(P, -x,)+¢, *rand()*(I;d —xid) (3-3)
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b5 B F K 2E B AT IR 3 $ =% PMD FMEEHIF LR

Xy =X, +Vy,

Hoeh, %M A g, ARTRNMENER R B EE, RE T MEAaRIR
BRI WAL E. RERENRKES -, FUREMEERE
FAK.
FR2:

FRNEFRARER WEENEH, ERBHEROFERS, 5
iz —RIAANRERT O, fFRHARLER, PSOMENLRIERE
HANRBEER, EETHORERY

Vg =V, +¢ *rand()* (P, -x, )+, *rand()*(};d —xid) (3-4)

WEETFHPSOK YR RAZM, CHAMRE THENLRAEHHE
BIHE, KMNERTFENTLRNEER, BRBBEROMERE, NIRER
FALERGRNEE, ERENEE N LRSBNRNERT MRS HEE
A RBRERENRBEERE, KRR RRE, LMD EERRE,
B O R IR A E R TR B, SR BT LAZE R A B T P
W%, WERAERTEHR/D LA TR, A8 4T B T
WEET.

FHA3:

R, HAREAEPSOMEFIINREIETK, B BRI, ¥
BRI R A ORIV, 44, TAKEHPSOMMAL. KIEERY
K=2[-p-p’ _4¢|", Hofigmg +,, ¢>HXREPSOMIEETHFEiks N0

Vy -k(v,.d +¢ *rand()*(B, -x,)+¢, *rand()*(Pgd -x, )) 3-5)

EH — M EH 5 R EESHEAN T RECE, e, EHREEE.

3.24 PSO Bix P 4BiEMALA IR NG

PSOEEWIMRILEY, FTAEMER S A TFDERE DM, MnkILBRE
IR, S5 —FEMX RN EER A SEMAER RN SR, X
R-MRERMAE, FHEINMBEERESHE, XBBTHDRITE.

HANMA—TPSOHEEALRAFMFHAZH, FHE4BE(ocal neighbor)F
4 J5 40 JE (global neighbor). &R B HREMFEMERRKFTENMEERED
AR, BlindtH 200 ME, 2 R[REEHREMMEUEARI9 MK 8 B 2R,
BARAXMER[HBEMRPEHRET . EBEEEEMEEMERBGE £
AR THSEN BTHEE, XHERESHNRINEEEEREM.

MRS LR PE, 2RBEMSEN T EERSEER, BRXMEH— T4



b R K 2 B 22 AL R S F=E PMD AMEEHIE LR

RIEE—ANMETRIEFRBEE N RS, XEREARIEN, BT HEXA
EHREVRERBNEE MARLREE, FHLESBARIBIRME, it
TFHEEZMEMRE, HHEES TRERDHER. RBSEEHANSZ MK,
BRESMEEL2REES, BREERILBRENRIIEER, RAEXH
gHT, B-ANVEMAERE 8O- B, BdMAS5MEE 2 [ 8k
REAXLRAEERS LN LR UREGENMETRE BRT2RPESEH
PINEHY. ZEXHFERRAE, BEFRRE NS SRR SGERE g
RIERBRMAENRINE, RAMEREGHER, MUBSEREES, HER
BB m, BEHEEENESAERE R M.

LR REARE R B MR, BT RM B RBEENEHNEEREN
e, XA T SMHRMAEHLMT PSO HikmERs. Wb
BEEAN: RS —EHANRAERIANERREB A5 LRRIEENE
B, ZEHEN, vEREEE: ZRELEEFHTFENFERRE, £RIEETL
HEHZEHORIIE. AR EREZ2RHOANRE, BEPnsHh: 4
EEER 20, BEMEEEN K, 20 KiHE. P p=201, x=0.729844,
U(0,1) BZE(0, 1) ZIBHAAAifIBEN S . SCE G T 1343 F neighbor
g1, 2dURE/ITHNLER:
() BIhEHLERT 20 4T, F 16 LI k=5, 34 k=10, FE k=4;
(2) 1000 XTEH G, HEREBIFIIET 20 BT, F 12 £/ k=5;
(3) FIELIEAMFHFXRERDHIE 20 29, H 198 k=10, —4% k=19,
M EHEMSERE, WRERFRIERDEREMELENE, k=5 RBOMERE, WE
ERBSOEERE, k=10 HWEEE. THA HEEHENEN/LMEH, LUE
ButHEEA.

BN EIE B G 5 2 B =R 4 B W E3-6(a)fR:

B3-6(a) AP FL100%5 44
ZRERRBEXRTH T EZAREER:
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e BR i K E B2 A i 3L

F=F PMD tMEFHIRVEAR

£3-1(a) M4 E X F

ME| ME | M HE ME A M A
1 |23456 6 |1,24,12,13 11 [49151619 | 16 |8,9,11,17,18
2 |1,356,7 7 |23,5,14,15 12 156,13,1420 | 17 |8,10,16,18,19
3 [1,2578 8 |[3,10,16,17,18 | 13 |6,12,14,1820 | 18 | 8,9,13,16,17
4 11,691011| 9 |4,1011,1618| 14 |712,13,1520| 19 | 10,11,15,17,20
5 [1,23,712 | 10 |4,8,9,17,19 15 |7,11,14,1920 | 20 | 12,13,14,15,19
A3-1(b) £H2HNE X%
ME WE | ME W Mk Wl ME W
1 23456 6 |1451013 | 11 |3,5,10,13,19| 16 | 8,12,17,19,20
2 113,789 7 12891415 | 12 |48,1516,19| 17 | 9,14,16,18,20
3 ]1241011| 8 |27,121516| 13 |56,10,11,20 | 18 |9,14,15,17,20
4 1135612 | 9 |27,14,17,18| 14 |7,9,10,17,18 | 19 | 11,12,15,16,20
5 |14611,13| 10 |3,6,11,13,14 | 15 |78,12,18,19| 20 | 13,16,17,18,19
£3-1(c) #MI4RE X %
o ABfz ME s M Bz Mk )=
%
1 234,56 6 119101617 | 11 |3,713,1620| 16 |5,6,11,12,18
2 134,78 7 12911,12,15 | 12 |4,781620 | 17 |6,89,14,15
3 {1,29,10,11 8 1210,12,17,18 | 13 |45,11,18,19 | 18 | 8,13,14,16,20
4 12121314 | 9 |3,6,7,17,19 14 [4517,1819| 19 |9,10,13,14,20
5 |1,13,141516 | 10 |3,6,8,1519 15 {57,10,17,20 | 20 | 11,12,15,18,19

R R RERI Sy, HERTE MMM SN, HihitBW 3-60)FiR

B 3-6(b)R R Aot it L AT B 694 H

XA EHESEXRMRE 3-2 FiR
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bR R K2 W 22 A8 3 H=F PMD AMEEHIE R

®3-2(a) HH1MBERR
ME | WE | ME] BE (M B Mk A=
1 23456 | 6 178910 | 11 |81213,14,15 | 16 |12,17,18,19,20
2 [1,34519] 7 [6891020] 12 |11,13,141516 | 17 |13,16,18,19,20
3 1124518| 8 6791011 13 |11,1214,1517 | 18 |3,16,17,19,20
4 9
5

1,2,3,5,14 6,7,8,10,15| 14 |4,11,12,13,15 | 19 |2,16,17,18,20
1,23,4,10| 10 |56,7.89 15 |9,11,12,13,14 | 20 | 7,16,17,18,19
£3-2(b) BH2HBBXER
M B ME B fa M AN M B J
1 |23456 6 |134,1016 | 11 |3,12,13,1420| 16 |5,6,12,17,18
2 [1,5789 7 (2381517 | 12 |4,11,15,16,17 | 17 |7,12,16,18,19
3 11,6710,11 | 8 |27914,18 | 13 |4,11,14,1519 | 18 | 7,12,16,18,19
4
5

16121314 | 9 28101920 | 14 [4811,1320 | 19 |9,13,17,18,20
12,10,1516 | 10 |356915 | 15 [57,1012,13 | 20 |9,11,14,18,19
1000 iz H LS5t REHFE BT ORI FRE5 49, ELm Mt 3-6 (c) BTR

B 3-6(c) 1000:KE Fvh 5 BEHE A RT I 6 B Fh 25 4y

XHMEHRBERRNE 3-3 iR .
#330) 4H 1 HREXER
ME] BB | ME Bz Mk A ME WE
2,3,4,5,6 6 |[1451415 | 11 [3,10,12,1419| 16 | 89,10,18,20
1,3,7,89 7 1235913 12 |4,58,11,17 17 | 8,12,13,18,19
1,2,70011 | 8 |24,1216,17 | 13 |7,1517,1920 | 18 | 10,14,15,16,17
168912 | 9 |2471016 | 14 |6,11,151819| 19 | 11,13,14,17,20
1,6,7,12,20 | 10 |3,9,11,16,18 | 15 |6,13,14,1820| 20 | 5,13,15,16,19
£330b) G 2HMBRE
ME[ O BE |4 A fE Mk A Mk B JE
2,3,4,5,6 6 |12359 11 |59,10,12,19 | 16 |8,13,15,17,18
1,3,4,6,7 7 |24,1314,15 | 12 |511,151920 | 17 | 8,14,16,18,20
1,2,5,6,8 8 |3,14,16,17,18| 13 |7,14,1516,18 | 18 | 8,10,13,16,17
1,279,100 | 9 |[46,1011,19 | 14 |7,813,1720 | 19 |9,10,11,12,20
1361112 | 10 |49,11,1819 | 15 |7,12,13,1620| 20 | 12,14,15,17,19

NMiH|WIN |-

NI TWIN |-
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AL R K2 AR A 3T =% PMD FMEEHIHEHIA

)

B 3-6(d)H AT 45 sk sk 4
BEBRNE-THIMIROEESEN, —RERMELEH, ZRAMHKEN,
wIE 3-6(d)fTw, HAE 3-6(d)FHALRERMBLEH, AURAHIELE
H, XR—HMEERMRMELEH. XFHEHNAEXRIEEH SR, AR
.

3.3 CLPSO #1 AH-CLPSO & py[E1g

BRIEJLEHR T REZ S04 B MPSOH Z, HWUPSO,FDR-PSO,CPSO-H,%
%, RSCERRKRRHF SR PSOSE:, Hclpsof AH-clpso g™ 1,
THRNB—TFXHMHEENRE,

—. CLPSOH KRz 4

T % ) MR F B H % (Comprehensive Learning Particle Swarm
Optimizer ,CLPSO) "' " RZEEB MM SRR F R (GPSO) HIELRL L 1E
— ST B R . BARCLPSOHIEHKPSOH ik — L] B IBSMAE &S, R
CLPSORZIRf&j $.f7. CLPSOH 1%L 5PSOH LM —MAR A EEENERARAR
Fl. CLPSOHZEEERRARR:

vV, =@*Vv, +c,*rand, *( pbesty,, —x,.,,) (3-6)

fi =), (D), LDNRET BIMKF ERBNRF %3] pbesty,, 7
CARAEFT—AMHLF I pbest Al M 48 B A b5, BAARBANRLF N ERRTPCPCH—
IMNGEXRE, NARTEH). EAFMNTFHE -S4 —AMEEHESPC ()
b, HHKXTPC (), WikgmB %y, FUREMRFE]. Y58
MLFRRE— R ERER TR, EAFMINADMR TP EEENHS, RE
EBOX AR T SN R EE, REERFAR MR F. R—HF
ARSI TRRR FAS, BARDE—HEEIFIA. MB—NRF
EEmW LS, REEERTHT.

CLPSOHE LMW T

D VBFTAER TR ERNEE, HHRETHENRBE. REBHATF
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Bl PN e A7 F=F PMD MEIEHIFIEA R

fizpbest, & Xpe(i), H HABMFEBHRETEHTF .

2) MTEAMNTF, EREFOINIOABENEE. WREIARF BT R
& 5 Hipbest(i).

3) WREMNTEEmRBERIIFRMEE, RENX ML FEH GEE
JoRF .

4) MREEFERGAEHRE, HRE P,

—. AH-CLPSOf iz

ETHEKBENSE% IR F B EE (Adaptive Comprehensive
Learning Particle Swarm Optimizer with History Learning, AH-CLPSO) " #E & 2%
SRR B RAHE L (CLPSO) MR EAEE BRI ARF XA T —44A,
A, = pbest,, - pbest;;" . T BHHPSOEEMCLPSOL L R A& i B(5 A,
I AH-CLPSOS. % BB FEE R T F2 MK A, = pbest!, - pbest;T REHRT T
TREMTAEMNSE S . FEEXA T MENEGHFHRIBMNE.

Vg =0*Vv, +c, *rand, *(pbest;(d) —xl.‘,)+c2 *A, 37

AH-CLPSOHEMCLPSOH BB T HE IR A BA RIS, T8 — A RF L
PCIIF=4T7 X AH-CLPSOHiL, SERENLF=HE—/[0, 1JXEIKKBENE, &
NXHPC. REFHE—MBEES, XABHTFHERNPC, WEEH01, MY
N (NWRTHO. BTR, HH f(pbest;™)- f (pbest ), HBHRBUR K
#, BUXMRFIIPC () X PC, RIGLMHRIF ER=4£EPC, BIPCHEF T .

AH-CLPSOHERIRBW T -

D MG ER T ERESE, HERTHENREE. RERMRKT
fir Epbest=X. #pbest5 Apbest-hist. HIETAE X PC P=4pe(i), 3 H %A
BT EBUETERLF

2) ¥ THMT, SREFMOOLENEE. WEBMFRIFRA
& , FHipbest(i). ¥ 5 fpbest 5 Apbest-hist, 3 H ¥ 55BLZETH LT pbest
pbest-hist® 2:5% .

3) MREMTFEEmRBEA KB FRUE, REAIMFEFEFE
TaRF .

4 TR, REFMRTFHECHER, BOSGERK, HBipc () TXH
FHImpe, = Epe (1) .

5) MARELFEAEHL, EREZH.

3.4 GPSO 5 CLPSO #1 AH-CLPSO B :tb#s

AT 3% GPSO(Global Particle Swarm Optimizer), CLPSO(Comprehensive
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Learning Particle Swarm Optimizer) #1 AH-CLPSO(Adaptive Comprehensive
Learning Particle Swarm Optimizer with History Learning) =# & i=H ] A~ [A], A
B B BOEEAT EL R
—. JAEREBLHIRE f, = (y -x*) + (x -1)° Lk

BRI =g E A 3-7 B, BREEIRERTY: 2REB/MES 1, D
=0, RFEBIR/AMEN £,(1.22, 1.5)=0.06, f, (0.707,0.5) =0.086, f,(1.5,2.25)=0.25 %54,

FUNCTION

B3.7 &4 f, =(y-x*) +(x-1)* B
FIGPSO, CLPSOFAH-CLPSO=MH LB RILREE/IME, ERLEHS50
W, BFEITS0R. SHEWREWT:

£3-2(a) GPSO#) A4k &
GPSO
TIAMF1 c1=1.4962
FAWT2 €2=1.4962
R E w=0.7298
B Nk R E T=50
BRI D=2
VISR A BB N=40
A&3-2(b) CLPSO# £ 401X %
CLPSO
FIWF cl=1
RN E w=0.7298
ARSI T=50
BRTEER D=2
K% A N=40
WERK S A m=7
wWHE pc FHE mpc=1/D
WH pcf pc=mpc+0.1*randn(N,1)
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%R cl=1
IEASES c2=0.2
M E W=0.7298
sk T=10
TR #E C=4
RS " D=2
¥ ¥ H N=40
BE R S m=4
B pc FIE mpe=1/D
BH pe i pc=mpc+0.1*randn(N,1)
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s 2 X B %K 0 5 4
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B38 HkHARNRIMAERRAKLAEZRE
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05|
n

5605 N 5 D B 0B D
Aeraton

(a) GPSO (b) CLPSO (<) AH-CLPSO
B39 FEBEAFANRMELBRAREED (HANK)

ME3-8, 39T LIBFHUTER: =8 kW S0E R bk 718 5 GPSO,
CLPSO, AH-CLPSO. GPSOH &R, AH-CLPSOH 18, —HEEHEE
FANREIRE, E505 AEMAT LS RIIREREL R,

RERMNAERERLE ER=HEENRS. TARE—-ITIRE
foc0.01, B RFUFETOK, BURBKERLE NS08, LxBIE—L,
HRBEDMTIIRME, WERLIE, MKBRER, LR FHABRITANER

37



ALt BE K2R AL IR =8 PMD #MEFEHIF LRI

P BACUSIUDEO AR, LRGSR D SRS X B0 1T FRAE B8 R IR 3L
AP LR AT RE, ME3-105T7R:

(2) GPSO (b) CLPSO (c) AH-CLPSO
B3-10 MERMEERAMLEZEA

ME3-10aT LLE H: GPSOZE10 AN 2 HFiA B IfR{E, CLPSOE25 AR
4k F) | IBR{E, AH-CLPSOZE2045 L&A B MRE, ME®IKFAGPSO,
AH-CLPSO, CLPSO. MHRE LEHMKSEE B &HEMEA: GPSO,
AH-CLPSO, CLPSO.

EEHEBBENERE REBETEFENERE FREEERRSS
% b, PRHEHE ERIBMABHR FRPENES- 1R (AEAEA, &
BALR) -

18] # L

. ' .. 1*

; S w1 TS

o o . ® i # g

02 ?J A 4 A
(2) GPSO (b) CLPSO (c) AH-CLPSO

B3-11 &HFHA LRI ZMRAEE BT HE

MEB- 1T AE H: BT ESHNEEDERRRENE, HPHRE
#r, RTFEBERRLE, REERREMLAMRLERRRME. HP

AH-CLPSOHI E & & .
sin’ (\/xz +y? )—0.5

2
(1+ 0.01*/x* +y’ )

BHH=HEREWE 3-12 fix, RENOREERRY: £REXES, O 0
=1, RR/MER fz(\/x2+ y =7)=0970, f, (|Jx'+y>=27) =0943 %%,
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FUNCTION

sin® (\/xz +y? ) -0.5

LRES

B3-12 & f, =0.5-

2
(1+ 0.01*/x? + y? )

M GPSO, CLPSOFMAH-CLPSO=ME LB R REE KM, EAEH 5100
W, BFEITS0R. SHEEWT:

#3-3(a) GPSO# A 4% &
GPSO
FARF1 c1=1.4962
FIAHEF 2 c2=1.4962
RN E w=0.7298 -
BRERIRE T=100
BRTREL D=2
b A S ] N=40
#3-3(b) CLPSO#) A4k .
CLPSO
FIARF cl=1
#muE w=0.7298
WEBAEAKE T=100
BERZEER D=2
HrHE N=40
RERE S K m=7
BE pc FHE mpec=1/D
WE pcfl pc=mpc+0.1*randn(N, 1)
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#3-3(c) AH-CLPSO#) A 4L .

AH-CLPSO
IR cl=1
IR+ c2=0.2
PP E W=0.7298
B A T=10
T 25 C=9

LR Y D=2
$if % H =40

W R S A m=4

B pe FIME mpc=1/D

W pcfE pe=mpc+0.1*randn(N, 1)

BRI BB RESIERKE KR NE3-137R:

(a) GPSO (b) CLPSO (c) AH-CLPSO
B3-13 BB FRNRXEERRAKXEZE
RIWRBBRESERREXR GIKIR) WmE3-1475:

0 0V »@ ¥ 0 D 0 N 0 D 0w
teraton

(a) GPSO (b) CLPSO (c) AH-CLPSO
W3-14 B EFN0RRALBNRAKLEZR (AXR)

ME3-13, 3-14TLBHUTES: =R RKSuE & hitk 218 A GPSO,
CLPSO, AH-CLPSO. GPSOH &R, AH-CLPSOH%ERI®. GPSOH EH /LK
FANT REiRE0.97, HERMHEEERERANRBRE. =MEIEES0D HER
U RIRAEESR.

BRAITHAERER LR ER=FEENRS . BERE—NTTRE £,=0.99,
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BHEREFEBITS0R, BRERERIENS0L, LERBIE—SH, HREE
KRFIIRME, WEALLE, RREREHR, R THRKERFTANSRES. &
LLNERPEOA AR, DIAHRLIE A D B4 178 B PR A MR R IR B b5
HRE, WE3-15F7R:

O
%w » R ® W AW AW R e T SR R R

(a) GPSO (b) CLPSO (c) AH-CLPSO
B3-15 #EAMEERRAHLXLEA

ME3-157] LLE H: GPSOTE30L AN 241K B IBRIE, H6XBENJRHBIR(E
RAEEZN IR CLPSOZE20 LA A F PR, AH-CLPSOZESOL L4
EIERIRME, BERKFACLPSO, GPSO, AH-CLPSO. MFERE LE HH
WSAE B = 2 : CLPSO, GPSO, AH-CLPSO

SEHRENERE RERETEFENBREFISEmERKSRLE, .
BV bR S 2 b 4R B B AL B KR BB [ B 3-167R :

(a) GPSO () CLPSO (c) AH-CLPSO
B3-16 L% FHE LRI BRA T 696 TF Mk
ME3-167TLLE . BB 7 &S IR L £ BIRREME, HPERS
HAT, BFABLRRME, REERREMTHFERLEIRRME. K
GPSOMI M E & .
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WALHIEPSO) FRE P FIA AR BOE MM TIE (L2 fbF B AL Sk
CLPSORIEE Ty 5 b & 1 % 3) BUKF BHU AL 513 AH-CLPSO) , &5l id 5t #A4
SRR B AT IR X L B 18 SR 84T T .

B _EATEREERT 4N, AW Sk FE L i CLPSORIAH-CLPSOSL #: EL GPSO %14 %
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B SN REBRE, TCLPSOMAH-CLPSOHEHIAS . G WSEEMETR
FAN R EX PTG bRk @ &7 41: CLPSOMAH-CLPSOH i& & fift % #% i 1)
&

EPMD HIEN AME R G, EMRIIDOPHTEH L/MRME, BTN % KA
CLPSOMIAH-CLPSOH /% . F LB — T CLPSOFMAH-CLPSOH i%:, &AL
CLPSO%AH-CLPSOA &, CLPSO7 B 1 ity K 403 FE i HL A\ J3 S8 AR A8 1y JL 2R
LGN

A1, BT CLPSOMAH-CLPSOHIFEFFEITH MK, JLHZAH-CLPSO,
HERFRRE%, BTRE, FUATPMDEENIMEREFERG AN, X
BREPARZ 4.
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BT R RHPSOH 5 R IEPSOH LML S . &= K A1% F CLPSOF
AH-CLPSOH %A ¥ —2H —MiPMDAME LK (FIANALLAELL) Fif8 IDOPSL K3
¥, BRETKZIDOPE AME, 7 B MR RIFEELES, AT VRN 35 Fh B i i
HERE.  (BUREM R

4.1 A CLPSO #1 AH-CLPSO 4t¥2 DOP SLI& #3E

B=HENAL i RREAREME LR R, XEREER. BRI
SKRATHIHA B ER WA HDOPRE A (F4-1) MEHLE (E4-2) BEEX
B, E4-1R 550 P F bRz 38 f 55 2% FLUE 2 31 M2V~ 6 Vil [ T 2 3 ) — 4
HEER AR REREM T E, fTLEZBE B ERER PR REKE
bb, A ZRMRKME, AIMEEBRKIGES., Hh2REKHERAE KA
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DoP |
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CLPSO:

cl=1; (FIHEF) w=0.7298-(0.7298-0.1)*t/T; (1 #EAL )
T=100; (RERKERKXE) D=2 (BRZn4EL)

N=40; KF%E) m=7; (RERRBUEMRE)

mpc=1/D; (WE pc FI{HE) pe=mpc+0.1*randn(N,1); (X & pc {H)

AH-CLPSO:
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V1/V2 2.0 22 24 2.6 2.8 3.0 3.2
2.0 0.99995 | 0.85548 |0.49733 |0.13745 |0.13119 |0.1429 | 0.12359
22 0.66795 |0.77097 |0.59371 |0.27712 |0.11036 |0.24387 | 0.28124
2.4 0.24032 | 0.44346 | 0.51096 | 0.34332 |0.090763 | 0.25177 | 0.37355
2.6 0.075831 | 0.045331 | 0.24749 | 0.30006 |0.18241 |0.17404 | 0.37241
2.8 0.20444 | 022548 | 0.14708 | 0.15115 |0.21991 |0.19997 | 0.26591
3.0 0.22063 |0.3277 | 0.34616 |0.26844 |0.20136 |0.23318 | 0.23238
3.2 0.23728 |0.35813 | 0.43234 |0.40843 |0.32316 |0.23063 | 0.26778
3.4 0.30026 |0.34376 | 0.43081 |0.47628 |0.42873 |0.31028 |0.23104
3.6 0.37335 | 0.35047 |0.3721 0.42935 | 0.44435 |0.36722 | 0.22386
3.8 0.47494 | 03749 | 0.32399 |0.32224 |0.36065 |0.3566 | 0.24874
4.0 0.53832 | 0.42059 |0.30404 |0.25495 |0.22563 |0.24534 |0.23636
42 0.5219 | 044642 |0.30363 |0.21004 |0.21145 |0.17098 | 0.14616
44 0.38461 |0.38721 |0.29831 |0.15624 |0.23309 |0.28919 | 0.23604
4.6 0.11655 |0.24166 | 0.24932 | 0.16655 | 0.14668 | 0.34669 | 0.4277
48 034669 |0.1502 [ 0.12892 |0.15092 |0.10602 |0.21418 |0.4152
5.0 0.69213 | 0.58614 | 0.2871 0.12295 |0.14206 |0.10289 | 0.18037
52 0.75113 [ 0.86113 | 0.67514 |[0.30109 |0.12047 |0.17371 |0.13372
5.4 0.50372 | 0.81085 | 0.82966 | 0.58121 |0.19327 |0.15721 |0.27515
5.6 0.34981 |0.4646 | 0.70116 | 0.691 0.37481 | 0.072302 | 0.27714
5.8 0.23156 |0.21264 |0.28173 |[0.4755 |0.40815 |0.18214 | 0.18652
6.0 0.17068 | 0.084923 | 0.066538 | 0.074039 | 0.25678 | 0.26471 | 0.16505
V1/V2 34 3.6 38 4.0 42 4.4 4.6

20 0.17143 [ 0.22683 |0.34321 |0.50187 |0.58282 |0.54706 | 0.40603
22 0.26971 | 0.27085 | 0.31886 | 0.41347 |[0.53721 |0.58569 | 0.51076
24 0.39863 | 0.36085 | 0.34047 |0.35725 |04191 |0.51084 |0.53344
2.6 0.45297 |0.4496 | 03745 |0.31882 |0.30428 | 0.34506 | 0.44459
2.8 0.4194 | 046311 |042522 |0.30979 |0.23403 |0.20017 | 0.21775
3.0 0.27726 |0.38289 |0.39762 |0.32938 |0.1992 | 0.18696 | 0.16002
32 0.24623 | 0.21949 |0.29628 |0.3108 | 0.21745 | 0.15606 | 0.29511
34 034496 | 0.31985 |0.19421 |0.20322 |0.21439 | 0.14751 | 0.26428
3.6 0.30708 | 0.50603 |0.4975 |0.30328 |0.18919 |0.18387 |0.17702
3.8 0.17268 | 0.50364 | 0.74171 | 0.69594 | 0.44319 | 0.2405 | 0.18826
4.0 0.16142 [0.2758 |0.72817 |0.93801 |0.81564 |0.4713 |0.21643
4.2 0.15704 [0.18425 |0.38526 |0.79344 |0.90342 |0.73389 | 0.37936
44 0.14353 | 0.15412 | 0.21126 | 0.39743 | 0.70783 | 0.76542 | 0.54737
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Tt K2R R 3 i
4.6 0.28957 0.13329 0.13585 0.14568 0.2763 0.53661 0.55824
48 0.39067 0.21855 | 0.1229 0.18268 0.13066 | 0.12944 | 0.32894
5.0 0.30842 0.24436 | 0.10108 | 0.22854 0.29163 | 0.2282 0.088372
5.2 0.097173 | 0.1588 0.13776 | 0.19613 0.36166 | 0.40082 | 0.32078
54 0.25642 0.19203 | 0.19743 | 0.23006 | 0.30536 | 0.43948 | 0.44611
5.6 0.39174 | 0.3819 0.31274 | 0.28618 0.312 0.3594 0.45305
5.8 0.40608 0.4847 0.4567 0.36547 | 0.31403 | 0.3008 0.32597
6.0 0.29357 0.46983 | 0.52247 | 0.4655 0.32677 | 0.24762 | 0.21622
V1/V2 4.8 5.0 5.2 54 5.6 5.8 6.0
2.0 0.17695 0.17886 | 0.20641 0.14456 | 0.16548 | 0.22475 0.42313
2.2 0.3421 0.11073 | 0.22311 0.26312 | 0.20334 | 0.19276 | 0.24552
24 0.43833 023633 | 0.12992 | 0.31459 | 0.31157 | 0.21199 0.15981
2.6 0.454 0.3556 0.14006 0.19065 0.32983 0.28106 0.11777
2.8 0.34869 0.36645 | 0.27855 0.089426 | 0.17353 | 0.24198 0.14437
3.0 0.10274 0.28896 | 0.36366 | 0.31339 | 0.13947 | 0.11045 0.1622
3.2 0.23932 [ 0.031718 | 0.27847 | 0.38922 | 0.37724 | 0.24732 | 0.17867
34 0.36256 | 0.24891 | 0.034953 | 0.33062 | 0.4504 0.45292 | 0.372
3.6 0.30627 | 0.33595 | 0.13642 | 0.13867 | 0.42997 | 0.53787 | 0.54117
3.8 0.1702 0.24028 | 0.23212 | 0.07384 | 0.2594 0.50046 | 0.58283
4.0 0.15367 0.098164 | 0.1328 0.10823 | 0.1478 0.3247 0.52138
42 0.15496 | 0.12416 | 0.061355 | 0.072167 | 0.10728 | 0.16964 | 0.32011
44 0.23507 | 0.10929 | 0.13753 0.078146 | 0.076374 | 0.13111 0.12982
4.6 0.39348 0.12445 [ 0.12034 | 0.13909 | 0.061781 { 0.15404 | 0.26006
4.8 0.38777 | 0.29427 | 0.094779 | 0.12918 | 0.12805 | 0.10126 | 0.36402
50 0.2419 0.37178 |} 0.29204 | 0.13843 0.12623 | 0.14708 0.27783
52 0.11664 0.24642 | 041293 | 036217 | 0.25173 | 0.21017 | 0.27503
54 0.32839 | 0.10014 | 0.33368 | 0.55866 | 0.53211 0.36972 | 0.3146
5.6 0.41656 0.26235 | 0.096164 | 0.44829 | 0.65511 0.60375 0.42295
58 0.42124 0.3622 0.19821 0.15364 | 0.56644 | 0.75933 0.60746
6.0 0.23905 0.34866 | 031205 | 0.1581 0.17133 | 0.50939 | 0.6229
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