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8§ O EFXTIE PM2.5 R FE TR0 2 B ORI e, i e T e e K R A SR ) B LB T A (TFA-
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(FA-SVM). HE S5 BN (GA-SVM). KL T REHVE SRR IR (PSO-SVM) H AL, 45 B3 WA LAt
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PM2.5 Forecasting Based on Improved Firefly Optimization SVM

FAN Wen-Ting, WANG Xiao
(School of Computer Science and Technology, Taiyuan University of Science and Technology, Taiyuan 030024, China)

Abstract: Aiming at the problem of large deviation in existing PM2.5 concentration prediction, a novel model based on
Improved Firefly Algorithm optimization SVM (IFA-SVM) was proposed. In this model, two neighborhood search
strategies and variable step size mechanism were employed to improve FA. The IFA was applied to dptimize the SVM
parameters (C, , and ), and an outstanding model was constructed to forecast PM2.5 concentrations in Taiyuan. The
neighborhood search strategies can provide better candidate solutions; search st‘!ep sizeé was dynamically tuned by using
variable step size strategy to accelerate convergence and obtain a trade-off between exploration and exploitation. The
performance of the proposed IFA-SVM model has been.compared v;/ith FA-SVM, Genetic Algorithm (GA)-SVM, and
Particle Swarm Optimization (PSO)-SVM. Experimental results show that the proposed IFA-SVM model has achieved
more accurate performance for PM2.5 forecasts 1n 1 day ahead and 3 days ahead compared to other method.

Key words: Firefly Algorithm'(FA); Support Vector Machine (SVM); neighborhood search strategies; variable step

size; parameter optimiiation; PM2.5 forecasting
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BRECAE T R (N AR A SEBRIF L SVM B8
B B BRI T P e, FR B — AN S IE M X SVM
ST MEFREE. HH SVM SEAAL 7 k55
F£577% (Genetic Algorithm, GA). i FHEH % (Particle
Swarm Optimization, PSO). = K HE L (Firefly
algorithm, FA) 2. ik 5 #i " M ] GA flifk SVM
S, BT KGR TR 2= AR GA A 7 A
TH5INE] PSO 1% SVM S5 G AR K 24 /N
PM2.5 RENTHRAE AL, by 95 M FA ik SVM 2
B, BAT I SRSy 2R LT GA R PSO, FA 454
s, WSS, 5T, B LT 4 R AR
PRPEREL O (HARIE FA A7 AEBREG, Q1i%AC s sk
AR, [ e K AR S I g T ok, Aot
FritE FA 23R4T Budk, FH S FA X SVM 25051k, 14
@ IFA-SVM [] PM2.5 TR A, FH b A R TR0 K Ji7 Tl
AR —RF= KK PM2.5 &8, MRzl T PM2.5
R P T AT HE A A,

1 PM2.5 Tl i £

PM2.5 TR AKHE LG 15 YIRS R = A g
S B S S R SR RO AR Sk PM2.5 M, R
LEFES TS

y=f(x1,x0, 0, X,) (1

Hodr {xq,x0, -+, x, PRSI F, noNsZm BTN £O
NTRIAERY, y >y PM2.5 T

T PM2.5 A G460 To LR, MBS )4 %
Foft R 2% 3 [ i A 8 SR, B P AR bk, AR S
SVM K Fiill PM2.5 8.

2 BEFENR LA

¥

2.1 SVM EAK[EE A "B
SVM HA EABRES 6 PM2.5 JELRHEREA, SINFR

[n] 3£ (Radial Basis Function, RBF) 1% b& %, 5 ¥ 74 il 5
I /5 2 25 0], 75 4 2 R SR AR R ST T, {545 9 R EA 1
Vo) g A R, BSR4 AT A i
1 "
melrézw w+C 2 & 2)
Hh, CRETI S, BEHIXE S FERMNENEE.
RBF #% B HR ik =0N:

K(xi,x)) = exp(—y|xi — ;) 3)

BLLRI SVM PEREM EBSHIN C. 6. v, &
SCP B K B L SVM S8
2.2 ¥Rl FA BRI

FA 52 FURFFEUK AR DR I R, St SVM 2
BB

F4PTH SVM AT S AU E K BAE, J5 L
S L X B 4, B S 8 3
BRI H RS, 7L AR b A P 47
VR 22 P AT A, L SRR, BR8P 5
OENGIA R P8 \

S RPN R, K S R T RV
SR %

[=Iyxe i 4)

B=poxe 5)
S, g A9 B SR, B = 04 1195 R
Bo A BB, Bl = O4b (I 31 FE: y 9 e S K 5
M MK R 2 R,
TR st PR B B K RSB o
HEHARN:

xi=xi+ﬁx(xj—xi)+ax(rand—%) (6)

Hor, g, x A KL R FTREIIAT B, o AR T, S
[0, 1]_EF 5L, rand [0, 1] AR IS EI A (R BEALIA -

FA £ 5 A \

(1) A4 I g bR O B e L PR S P

(2) TEEERIE EOK duis A 30 (6) AT I K
#a,

T (3) ML K s FE A MR BANHE R, R B B

K

(4) EEIEA, H BB 5B
2.3 BTSRRI AISUHE FA

PrvtE FA %R o 58 BE B s i ok % A 30 (6) )
B K RS BN, IR S W A E B, K OB
BEALIZ B, I US S50 R T B AR A 3 g R e )b
PA 0 QRN e o o ol B S O N ) 2 R
BEATLIZ ), LT S5 PR 28 P 4 3R 1A N R i e P T e
R, FiEM R TR, BERZE. G
BR[19], BETH P A 4RI R SR A S TRt 2
s i 10 £ 35 72, 5 Bl it K ERUK HE RS 0 e R S s Wi S,
BRI 2R 5

x;' = Ay XX+ Ay X pbest + A3 X (xi1 — xi2) (7
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Hor, xinn xp a2 B2 A4% N BE AL B 8 A5 K
pbestzE 5 ¢ YOERA BRI BARREUE, 41 v 32
[0, 1T EMIHEL A+ b+ 23 =1, PLARIE IS R SNE7E Y
R K B2 B 2428 SR A I A
xiz = Ay X x;+ A5 X gbest + Ag X (xi3 — Xi4) ®)
For, xiny xiase INEEAS P A B AL B AN Bk R
gbest & H T A IEA R K I HARREUE, 4v A5+ A6
0, 11 ERIH B, Ay + A5+ 26 = 1, PLAR IS R S ng 1E
AT IEAR A A S 3 ] P I8 3 G A
WA R, B s RE KRR EEYS -
1 RSEFEAEAR S, PAT Bk i}%ﬂﬂﬂzﬂi% 21 e
W x2 ARG M xit s xR A M.

R A 2R SRS T L e 1 B 2 B A (R I A, 3R

e e K U 98 2R B I S
24 ETFRAITHKAIKEH FA -

br#E FA o, */Fkl?rwalfém [ 5 45 KA 15
ﬁ/ﬁﬁ,ﬁﬂmkﬁ/\jlli?fﬁ%uﬁi PRI i S 3 5 B v R Ak
P T W K R R S R = A RS, AL PR R I,
8 K A AF 5 K AR GR 2 T07% ) s S R gk —
W), FEAE IR, FER B MRS SCHR[20], SR A
AR K Fa, TEIEARHII, KRB R IR R &R
2, B A R R AE Jy Honig ik o 7E S 3 &
AT R, B R Y. WA e A AR BRI R
WK KT FA 04 R R AR R Re 71, kel
K /N WA R

a=0.4/(1+exp(0.015 X (t — maxG)/3)) 9)

b, 24T AR IREL, maxG i KIEARIREL

3 m KSR R &L (FA SVM)PM2.5

ot A 24 '
3.1 IFA-SVM PM2.5 B

IFA-SVM PM2.5 wﬁiiﬁlﬂﬁ‘ﬁﬁu?:

(1) WK T PM2.5 9 B s 3, %0 Il gh s
AL, FEA— L T

(2) IFA-SVM ZH0ER TR

1) MIGE L & AR S HY, BN AL K

2) vhEEE KR H AR R EUE, LA SVM XFIIZRER
) PM2.5 Titill £ ReAE A H s bR EfA

3) o Kk B B AR R B AT S HE T, $RE)Y
AT MR IR B oA AR B O R K L, AR A 30 (6)
BB K
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4) IR R T, 5 ¢ DOEARH AR R BUE S -1
IEACH bR R BUE AR SE, $AAT 2.3 71 v o A R 2R SR

5) F ik B ORISR UEL, B 21 ISR A,
W% 220 5K 6), 15 M 20 IR 2) 854K

6) i i B K F b bR BB S HxE L R K R, B4
EXlE=quie 18

(3) {3 FH g DL 2 Ko ) 105 PM2.5 AL, 45 Tl
S5 R A — Ak, 493 SR PM2.5 TIOAE, %t 45 1.

HARGAEIE 1 Js.

PM2.5 Hdiicde K A — AL Tt b 2

.

IFA-SVM Z 31k

v
IFA-SVM 57 Fii ]

y
TN & RS A — sk

A 4
45 Rk

Bl 1 IFA-SVM PM2.5 Fiillyifs

3.2 BUBRWERTALE

Guit R I, KT RK A2 I 5 58 0% T i, 4
BB RFA NG G, KR T 2015.10~2016.3+
2016.10~2017.3 F12017.11 IR #&. K. K
. 0’. CO. NO,. PM10 3t 8 15 PM2.5 S0 A1 i3k
e, Bk 1 R, Hdr, 2015.10~2016.3
2016.10~2017.3 YERIIZRFEA, 2017.11 VEJ9MHAFEA.

N B A S R R AN (R X T S P ROR
PIFER, @A AT A — L AR B, A — 1 A 0k

x; = (Xi = Xmin) / (Xmax = Xmin) (10)

Forb, x R BT IR ME, x93 — LS IR, xmax A1
Xmin 27 BN A 1 B K AT R /IME.
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1 LB
391 B (0) o (C) A JE (hPa) R (km/h) o’ co NO,  PMI0  PM25
2015-10-1 38 -1 1021.62 23 56 0.6 15 36 13
2015-10-2 54 2 1017.8 6 66 1 41 99 40
2015-10-3 59 4 1023 4 70 1.4 53 148 68
2016-3-1 29 ~14 1022.95 6 59 2.3 49 111 60
2016-3-2 32 11 1019.23 7 7 22 46 107 57
2017-11-29 41 12 1027.6 6 23 1.4 70 180 68
2017-11-30 44 14 1029.54 6 41 1.3 57 168 63

F: 0. CO. NO,. PMI10. PM2.5 HJ5fi 150y pg/m’.

3.3 WHNRRE
KPP AERHREZ (MAE). %5 8% % (RMSE)
X P 25 SR AT VR, TR AR

N
1
MAE:NZ|O,-—P,-| (11)

i=1
i

(12)

Hrr, 0, WM EH, RISBR{E; PN TAE.
34 BEMRK

T BIE IFA FPERE, 1BHX Ackley PR3, Sphere B
AT 7 FE. FREERCE R E N N=50, maxG=200,
y=0.01, ¥JiEHKa=0.2. A KB ALIZAT 30 X, 15
B FA. TFA fOf7 B LR, ik 2 518 3 fis.

Ackley
1 03 -

\

IFA 38 SVM ZH 4 5k 8 311 SVM S35

10° 1

_.
=
"

—_
(=)
E)

— IFA
e FA

Sphere
10* 3.
102 1 I“". .
— IFA
z% 100 \
lﬁ 107 1 \'\ . FA
\
10+ 1 “LIFA
10°¢ T T T T \.I F T T T 1
0 20 40 60 80 100 120 140 160 180 20
AR
\
B 3 BLykt) Sphere BRAL I YSLE il 28 5 LL
.5
' b A g e s
\ %2 MAARFIN & SVM AL S
\ M)

- it ¥ C, e,y
IFA-SVM C=2.11, &=0.54, y=0.75
FA-SVM C=1.95, £=0.68, y=0.87
PSO-SVM C=1.44, £=0.37, y=0.56
GA-SVM C=1.59, £=0.43, y=0.44

FbR B
2

_FA

~._IFA
107 4 =

0 20 40 60 80 100 120 140 160 180 200
EEZANYE 14

B2 5%t Ackley BRI B S h 25 b

10

ME 2 5K 3 FEH|, X K4 Ackley 55 Sphere,
IFA W SIGH B SE I, 4 P 5 .
R T e vERE, A AR H#E FAL. GAL PSO.

7: 0’ CO. NO,. PMI10. PM2.5 KJEA1I5H pg/m’.

3.5 LRERSHH
3.5.1 IFA-SVM SZi 4t 3 5547
PR IFA-SVM Z 310 2017 4F 11 H KR
T FiFh PM2.5 1H:
(1) T Ak — K PM2.5 ¥ FEAE;
(2) TR AR =K PM2.5 W JEH.
SLIGAT B B A TNME, % SEPRrE 5 IFA-SVM T3
MME AT XL, 455K a4 B,
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250
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2 100 |
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100 -
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Bl 4 IFA-SVM PM2.5 il 45 Bt L &

4 R ER, TARETE 2017 48 11 A/ PM2.5
WREE, 18 3R K— R Fm 25 R 5 s BrAE & Bk, 1Mk
K = RIEA W2, HEARARAL A, FOE 552

PR AEL A h e & FEAR . MEES SRR IFA-SVM RALR

AR, AR AT DL B TN K 5 T PM2.5 B T T
AR =R ICRE B EE AR OR — R IR JEAIG, X 22 i
ARSI £t 1 O 4 17 2.

352 SRERSE RS T

I3 MR GA-SVM. PSO-SVM. FA-SVM #1
IFA-SVM Xt PM2.5 % & EAT Tl L 5 22 45 S 4
% 3.

1% 3 AT, 4 PO AR5 T 2017 4F 11 A
PM2.5 ok — R A = RKIKE TR 5, 15 2 1 T =
Z MK R KL IFA-SVM. FA-SVM. PSO-SVM.
Bl 547 GA-SVM. PSO-SVM #Et, FA-SVM [ il
g5 R AR, B S BRE RN, TS FA-SVM AHEE,
IFA-SVM & Z H /N, B IFA-SVM #E 8 () MAE FI
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RMSE #l 52 4 AT AR R b e A Y, A M e B 4T 1)
IFA-SVM Tl % >k — K B PM2.5 WK FE{H, MAE Fl
RMSE 435128 3.85 A1 4.07.

%3 IFA-SVM. FA-SVM. GA-SVM #1 PSO-SVM Tl

ok MR RE LU A
i i)
A —
—R =R
MAE 3.85 9.84
[FA-SVM
RMSE 4.07 12.09
MAE 4.0 10.2
FA-SVM B
RMSE L 468 12.77
MAE _ 5 7.02 11.58
GA-SVM -
v RMSE 7.79 15.35
L ) = T MmuE 6.1 11.12
. PSO-SVM
\ RMSE 6.72 14.49

CEE IR 3.4 IR HI LR AN 3.5 TR =SS R, ]
DLE ) 5 hR7E FA AHEG, TFA WSl B o ) ks R o =,
[E]H} IFA-SVM PM2.5 TS 1 e it S BrA .

4 g5 RE

EF 0T PM2.5 5 520 K7 (] ) g B2 AR 2R MO R, 2
B — o T e e ok e SR SRR IR ALK PM2.5 Tl
FHY IFA-SVM, F:LUR TR T AR K — KA1 =K ) PM2.5
TEAE RSB A AT L, FEXT EE GA-SVM., PSO-
SVM. FA-SVM HITRINACR, 4528645 24T 4518

(1) IFA-SVM Tﬁﬁéxﬁﬂ%ﬂ%—ﬂg%ﬂéﬂﬁ PM2.5 18
HRT LU 2T T BOR E SR R, — KT
WU P2 B . 2 ¥

(2)'F A fit 5 Bkt J5 5 08 EL i SR, FA-
SVM A GA-SVM Al PSO-SVM 7 ¥2= Tl 5 k.

(3) BI NI 28 A0 0] AR 0 K SR U FA, AT
TSRS, S R A R PERE, 145 IFA-SVM £
T &5 5o 2T S PR ) PM2.5 AR Ak fash, N % 5 T
DAL T — o k.

BT PM2.5 WK B AN 5 A SOk R 7 0%, ik
R R IRREAE . TEBRAT R AL B2 R R
S, AR G 0 AR, S X e (5 BRI R B
FHER, d3E— 08w PM2.5 T 1 RE.

SE 30k
1 INESE, BT PM, 5 X N\ PRg R 52 M F 0 A . BRB5E 7}
1, 2013, 26(4): 76-78.
2 JHHZE. PM, 5 M0V Jefe 3 KB 0t 3. Pl SR iz,
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