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Environmental air quality assessment method based on immune
optimization algorithms with particle swarm

Yu Zongyan' Han Liantao’
(1. Faculty of Electric and Control Engineering, Heilongjiang University of Science and Technology, Harbin 150022, China;

2. Harbin VITI Electronics Stock Corporation Ltd. , Harbin 150036, China)

Abstract

volved into original immune algorithm, and the immune optimization algorithm with particle swarm is proposed.

To increase evolution speed of immune algorithm, the idea of particle swarm optimization is in-

The formula of pollution harm index and assessment model of environmental air quality, which are suitable to six
pollutants including O,, PM2. 5 and etc, are derived by using the algorithm proposed in this paper to optimize
the parameters in the formula. In order to obtain correct assessment result, the air pollutants kinds, number and
concentration limit used in this paper are from the Ambient air quality standards issued lately by Ministry of Envi-
ronmental Protection of China. The assessment method proposed in this paper is applied to the field of air quality
assessment. The experimental results show that the method has correct results, good flexibility, practicability and
application perspective.

Key words immune; particle swarm; index of pollution harm; assessment of environmental air quality
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Step 2. WIIRALTUIATIRE AB = {ab,|i = 1,2,
o NP REEV = {y, i = 1,2, N}

Step 3. HE A PUA PR R o, I
P34 AR AE gBest F1 425 H FRME objgBest;

Step 4. 58 B A AR BB 2 — & K B i A
L% gBest F1 & i H #5 {H objgBest, 7 W $h 47
Step 5

Step 5. LA ab, (i = 1,2, ,N) FHLIE
ab,(j = 1,2, ,N) ZE W £ ay, ; s UK ab, (i
= 1,2, ,N) BRI o, FIAEAF I RH e,

Step 6. HCH I B E B A AT N1 (N1 > N/2 )
UG BITUAHE ABL |, I Xf H R A7 22 CH 2 53 4%
B FAREEAB2 = b2 |0 = 1,2, N1} JFitH&
TGRSR T 5

Step 7. ¥ TR AB2 5 RME ABL 5 F
FHE] 2N ASBUAAR B S5 R0 788 B RT N S B R )
FOAR AT R T SRS B R — PUIERRE AB

Step 8. P15 4 R gBest #1142 J5 H AR {H ob-
jgBest, I Xof 42 Ry e AH HEAT BT o

Step 9. 1% [A] Step4 .

S BRI i A W SR (13 ]

2 RBHNTFHAUHNFRETSSEREESTE
MmAE
AETLRMERMTLEREEHLAR
HRAESCHR L9 ], KA G it 3 5 R, F Y5 G4 3
FEECA L a3 E LN
R, = 1/(1 +ae_bx‘) (1)

I, = 10R, = 10/(1 + ae™™) (2)
W SN SRS R Y kSR e W R ER S G
R RTG R BEAR XA, x, = ¢/, ¢ BRI
T G W) 00 S VR BEARL, ¢, A E IS @ FPT5 e
) e — 1 (L, 3 IBCER @ AT e W Y R AR AR I TR
JEAE AR SCBE Y ¢ DL 1, Hirp O 1 RIRAA K HE
FEAE R /B S H B B T Oy DAAR A 5 Fis Y
YW RIRA S BEAE R H P W xS RS %
S5 B W DR I e BT D 0 R 1Y s A RS e
14 [ b VA BE AR X v, 22 S R 2 AN 1 A
B,

Ry e TAAARSCRE R 6 F KI5
YL R SR A v B R ] e fe R IR (S %
), ey e e R GEIRBE LR 4 EB A A 14 B B =5
SIEECCAQD) Ho AR HL & (1847 ) (HJ 633-2012) h 45
Y 6 R R AT YW VR BEBRAEL, %y © 20y %y 2
Sk B VA BE AR EL 28 TSR Y 6 T L 1 45 Rk
JEEAH X

£l CHASTRAUNRRARRER ¢, FRRE
RERE c; ERFRBEBHIRERE c,

Table 1 Pollutant unpolluted consistency values,

2.1

obvious harm consistency limit values, consistency
limit data issued by Ministry of Environmental

Protection for six pollutants

0 % 1 % 29 3%
R 2]
Cio %y ¢ Xy Ci X c3 X3
S0,  0.025 1 0.05 2 0.15 6 0.3 12
NO, 0.015 1 0.04 2.67 0.08 5.33 0.18 12
(6[0) 1 1 2 2 4 4 14 14
0, 0.05 1 0.16 3.2 0.2 4 0.55 11
PM10  0.02 1 0.05 2.5 0.15 7.5 0.25 12.5
PM2.5 0.01 1 0.035 3.5 0.075 7.5 0.115 11.5

2.2 BRBRTFHEEINSE . bBRKL
R TR AR A X (D) RIS o
b, T 2o B I T AL )RR SR Y H B pR R, B
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8%

fla) = =% T (R =R (3)

YAk [B] REAE Sy SR e Al H bR pR R f(a,b) HUAS B
MEWZE a (b,

KO, m IS EWFEHRH, Bm =6; K
R R TP VK =4 5 R, B MG R
k AR fEn) 15 gt 2, Tl (D) MR 1 b4
(19 6 Fhis Y ) 1 2% Gk 2 A XA %,
Ko R, 575 G YR 28 TC I b PbRE 1) 75 G 45
FHRBEWME, ZHOCH[9 1R [0.01,0.99 15 Bl A
R, Fic BR A5 LU IREL, 55 25 43 907 0 b B 45 55 0]
¥Rl =0,1,2-,9 310 g, A 5 4 95
AR AR 43 By 0.2.3 .5, KT i3 53k 1
4 AN G AR R 1 TS Qe B 2 B ARE R, 2 B A
0.01.0.02776 .0. 0463 #10. 1284,

LSRR T RS o L b WP IR 1L
0,100 R EE R /N N = 200 , HE 1L AR %L
G = 500 B — AR BL M4 A A7 07 B8 28 5 0 ok
HEAT 28 SURIAR S LR A4 N = 120 Be AR AH L1
FHon =08 BRFp, =07 RTHE LM
FRw =0.9 FJHF e =2 hFEB—dENREK.
w/Ph#ERE 0, =100 flv,, = 0.1, 8 —4Em K,
/N FR v, = 100 Fl ., = 0.01 , Hifk ab, FIHL
SRR M E LR ax, = 170 1

>R B 5 b B AR A A 1R B ) S AR IR
B Stepl-Step9 X a | b I T, 15 2 0w L fE R
a =55.6997 b =0.1682 , HILEFXFEL 6 Fh
KATG Je W 3458 H B9 R A0T5 Je it 3 R, A5 Je i
TR 53508

R, = 1/(1 +55.6997¢ " ')

I, = 10R, = 10/(1 + 55.6997¢ " ')
AR R 1 4 i vk BE AR S A 2K (4) L (5)
TR R P& HARUER 6 Rl T5 B Wy 075 Y i
FARECF A 1, MR 0 BARHEAE, IF 45 B R B =
Jox 5 VP G 5 7 Gl 4 e T 22 [R) R R O & A
RV N | N 1|90 A A P o P U
0.20807 ., (0.2080, 0.2736 1. ( 0.2736, 0.4605 ] .
(0.4605,1.2305],

2.4 RBEEEREGHITFMEE

32 2 G WG e i PR B S R 2R BT G

FERRBOEM B

N N 7 SN )

(4)

(5)
2.3

s
P

m

o
10

I= ;w“[“ - ,Z;w"l + 55,6997, 0 (8
K 1O RS R R E R w, N RS
e a — A BUE , B RS« Bpis Y9 il Sk
X HB 2 1 B0 A2 /Y B A b v 2% 1) ) A X B PR A E o
RE SCHR [ 14 132 i 37 52 BR300 2 0 A R 5 2>
(7)) s A5 5 4 AR B9 T5 5 W) 1) R XS AUE 53 5
B, = 0,0, = 0.3162,1', = 0.3873,w', = 0.5,
How, MRS L {H 535 H0.0.2.0.3.0.5,

, (u,/2)"
e {1 (1 —u) /2]

O0<su <05
0.5=su <1

(7)

S B ) 3 i BRI A5 T G 1 BT Ak 25 1Y

FHRI AR w0, K75 G M B0 Ff A — Ak, 75211
— A B AR w, , FFARAK(6) BEATIHHE

3 ZRESMW

AR SCUARAL R R 8 A W 1 6 Fljs G4y
£ 52 I e S A A 491 e B Al oA 1 e T A 0
ul ) 2R R 5 RE 5 A A0 Ak B PR BT s U R 28
WIFEX X 8 A I m g 2 R AT . R 2
~ 24 7B T 6 B G YL S A ¢, , o)
PFIRE, B — AU w, o RS ST 4 I
S ERG TG Y B 188 T SR &

MF S 45 PR 45 2R 0] LU A SCRY Y
TrES AQUUZE U 8K i ZEAETK Y RPL % K&
B PSO J5 ik VR4 45 R B A — 2, P Hr K dls
ATRLAE AR 6 Ay 2 RO A B A Y, I 8 A S
AP SRR ZEN o XTI 6 A ST IEHr 45 2R 00 1T
%, AQUILFI RPL IE WY PEA 45 R T 4%, {H ik — 20
PR RO T DU AR SR Y R TS B 4R B
0.2744 AR5 w1 1T S 4 Gbr A 0. 2736,
BOPEA O T 9l IR 5 B

F2 FE8 AN S8 KN KR

Table 2 Detecting data for eight dots of a city (mg/m?)

m s SO, NO, CO  O;-1h  PMIO  PM2.5
1 0.14 0. 041 0.18 0.011 0. 06 0.034
2 0. 007 0. 048 0.932 0. 088 0. 057 0. 036
3 0.012 0.075 1. 137 0. 083 0. 061 0.039
4 0. 006 0. 002 0.916 0.031 0. 055 0.034
5 0. 024 0.076 0.111 0. 082 0. 067 0.036
6 0.012 0. 048 0.488 0. 056 0. 047 0. 035
7 0.01 0. 056 0.479 0. 003 0. 056 0.033
8 0.013 0.115 0.757 0. 008 0.072 0.05
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Table 3 Separate index of pollution harm of six

pollutants for eight dots of a city

R6 HURBRESH b E

Table 6 Optimization generation and value of a,b

WAL B 50 100 200 300 500
HI S0, NO, co 05-1 h PM10 PM2. 5 : a 46.7553 70.5902 58.0189 55.3619  56.7469
I 0.4402 0.2765 0.1817 0.1829 0.2888  0.3083 b 0.1487 0.1871  0.1687 0.1640  0.1709
2 0.1847 0.2984 0.2057 0.2357 0.2818  0.3185 5 a  95.6951 53.9622 65.9354 56.3742 56.6295
3 0.1909 0.3996 0.2127 0.2319 0.2911  0.3344 b 0.2012  0.1662 0.1835 0.1705  0.1717
4 0.1835 0.1803 0.2051 0.1954 0.2772  0.3083 ; a  56.1168 49.9142 69.9343 64.8224 54.6510
5 0.2066 0.4040 0.1796 0.2311 0.3058  0.3185 b 0.1694  0.1600 0.1862 0.1811  0.1663
6 0.1909 0.2984 0.1912 0.2122 0.2596 0.3133 . a  55.1142 64.4890 54.8877 55.9771 60.4363
7 0.1884 0.3255 0.1909 0.1781 0.2795  0.3033 b 0.1613  0.1828  0.1666 0.1637  0.1763
8  0.1922 0.6120 0.1998 0.1811 0.3185  0.3996 5 a  49.6487 55.6625 54.0309 51.0564 59.2764
b 0.1474 0.1663 0.1647 0.1603 0. 1755
a  42.2163 43.9767 58.2842 61.0890  60.9832
. — 6
F4 ETS8A LA 6 FTRYHET—HNE b 0.1531 0.1509 0.1719 0.1769  0.1764
Table 4 Normalization weight of six pollutants ; a  70.7325 105.301 50.6306 58.1389 56.6262
for eight dots of a city b 0.1811 0.2102 0.1617 0.1719  0.1680
a  56.4748 68.1879 56.1752 62.7557 55.2513
s 50, NO, co 0;-1 h  PMI10 PM2.5 8
L 0.1678 0.1850 0.1691 0.1792  0.1675
1 0.262  0.262 0 0 0.262 0.2149
a  108.504 36.8328 57.2335 61.2880 55.6997
2 0 0.2620 0 0.2139 0.2620 0.2620 9
L 0.2288 0.1256 0.1707 0.1763 0. 1682
3 0 0.2159 0.1762 0.1762 0.2159 0.2159
a  70.4732 51.9392 51.3946 58.3009 53.6979
4 0 0 0 0 0.5505 0.4495 10
b 0.1896 0.1624 0.1631 0.1741 0. 1645
5 0 0.2620 0 0.2139 0.2620 0.2620
6 0 0.2753 0 0.2247 0.2247 0.2753
7 0 0.3551 0 0 0.3551 0.2899 .
4 # it
8 0 0.3923 0 0 0.3039  0.3039

RS EMSMENANGESRRERYERIINER
Table 5 Total index of pollution harm and assessment

result for eight dots of a city
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JRi AT VAN, SR 7% 07 I A T AR AT
SUBUREE S/ PO EENIE AR ¥ S SR/ BTN AR W
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BT S BERL 1 Bk 10 AL 1 R B 25 U R
WOk 2L 6 Biis ey ], x5 i BoA R 5 i H
P, R SO 5k P 75 e R 2B m B R %
i A T A5 Hh 3 5 AN TR 15 e i 6 B H AR 3 58 25 U
PN T, S8, o T RS A SR A S L
6 Fift R AT5 YW 4 5 Y 0 45 ROF BIEAE D 7 Hobw
HERY BT LA HE W0 A 6 i e ) M 0 R A 4, T)
BE AT LADEA H B0 BEAT 75 2 4y s 0 40 114 3 5 2 <
B L B PR A5 R o WA SO 1 PR B 2 AU O
AR R AT B IO T S o

2 % X #t
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