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Design of Air Quality Classification System Based on

Visual Features

ABSTRACT

Ensuring air quality is the foundation of protecting our survival homes. Therefore, people
need to know the air quality of their environment. The existing air quality monitoring is realized
by setting up the air quality monitoring station and inserting local measurement point outside,
but this method is very expensive and the spatiotemporal resolution is not so high.

This design aims to develop a set of system to estimate urban air quality level with the
combination of the image processing technology from the visual angle of view. In this thesis,
we first get the scene image database about air quality. Secondly, we extract a series of data
features that can best characterize the air quality, such as the dark channel characteristic,
visibility characteristic and image entropy feature. Then, the image classifier is constructed.
Through the comparison and the improvement of three classifiers including BP, SVM and ELM,
we can derive that the optimal classifier is the improved ELM image classifier. The sample rate
of the 300 tested sets is 98%, and the accuracy rate of the 150 training sets can reach 98.67%.
The final step is system function display based on the MATLAB GUI. The first function is the
three kinds of classifiers’ classification towards image air quality, and the second function is to
determine the air quality level of every arbitrarily imputed images. Experiments show that this
design has the advantages of low cost, high resolution and wide application range, and it will

be a good supplement to the existing air quality inspection technology.

Key words: Visual features Air quality classification Image classification Dark channels

Neural network algorithm
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FIFH SVM g7 he WS 55 LR 2 AR R, B2 b Bl N S A sh L
GRS BRI e LB RO

ST IRAE AR R BT S AR B AR B B R, MeE . B
Pl 7 vk b T E A B SRR ) AL I 5 BV RRAE I AR S gt 0 O 0 09 B LA R VI 5 2
S RATVERL B W EEAE AR A AR 1) H AR, WRREE . Bk, ARiHEH T —
FlCHT I RE L TR 710, RIZE &3 S5 s ERRS J5 60 25 SRR SRARAT = 3 SRR (M g
WEE. THgE—RINARIET, NAHRXPEERRRELIR.
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LIRS R AL REM L 3L, BE WD B AR [ 5 EE XS EE T2 Uk 21 5%l 1)
PEE, WARAE A (3-2) Wi A WEITHARX (3-3):

I =1_pe?+1_(1-e") (3-2)
3
V ~— -
B (3-3)

KA, p AR, | OVRFOEIRE, fONERE N d RHE RS | O EAELAE
MR EMER . Azt (3-3) AlAlL, SRKHE G R E0] BT E R WS . 18
HREEREAE TR ER, BATTURES RS mRGER nfdts. i
A PL R a8 HD, IRk 2 2045 2R PR IN AL & A S0

4z (J —-80 27(J-8)) 12(SM -L
t=t,+0.170sin M —0.129sin ﬂ( ) + ( ) (3-4)
373 355 T
(27(J-81)
0 =0.4093sin| ——— -
[ 368 (3-5)
b, :f—arcsin(sin I'sin & —cosl cos&cosﬂj (3-6)
2 12
1
m ~1253 (3-7)

) cos6, +0.15+(93.885— 6, 120)
Ao, AFHEBIRRAER ], 3 i FE, LA | A AL, SM A

PRE T e X . THERAR RNt 6 L 6, 73 ) Dy RE R BN« IR i K FH 7R 48 L
RBARTGA, FIHANAIL (B-7) G ZIR X O T E me MXDEEREA Kk E K
PRI ER 5 1 KU Bk -1 T A BR AR I B BR DU R KA T ELEE S . M AR OG5 o
B m A EE AR E R T, WA (3-8) P, H A TR S o
I JRAE H o
r,, =" (3-8)
Hrb, o KRS, T FIL3. A K, Ay am i IR R BUK
I 0.55 #M . itk A 9055, Ty i e BV RE R, 5 X VR MUEE 1) 6 Rl
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R~ (3-9):
T, =0.04608T —0.04586 (3-9)

He, KREMERTHEARN (3-10) &1,
T=(t,+t,)/t, (3-10)
t, 2T BT KA T RS, t, T B 1) 2 5 Rt S R . Ty e
SRERS, F 50 PR ] ZESANTE, T3 B [\ 2% 58 PO o R 280, S5 A5 (3-
100 5T 4R ¥ TRAAR (3-9) BLERFAFiEFT,=000022, #%T, AAR

(3-8), AlRAF 7,0 XT, AR (3-11) FoR:
r, = [k(2)dz (3-11)

K(2) Al e R % i T TE15 e i AU B R ORI 6 B e 30T 4 7 B 5 P
FEHL FIAR (3-12) WIRFR:

7, = KA, (3-12)

Her, A GBS, —Mohskm. BAR (37D T, ALK (3-11) 1]

K o KA R By ARG A HIUR 't R % (0.55 #4m Ab) S RAIFERIH LR
Kz A B Hh 2 B R U T 't R BB 90.01159124, AT 15 B Ty Y s AR T KA

RIS B FIUEE I S AR AR B ] DT Rz s R Ui E R IR RIEE R
By o ABATS B TR N R R OUK SR B S B ORI, BeA T
SIMERRKTIER R, 46 b MHERDREIKTIEERE S AR, HATAH
BHR 22 5 BoR h g I (SR R BB S AT : (D) A THER BRI B ST
HARHEFEG: (2 i ZEFEGHATEN R . BTEHRt=e, /5
pd =-In(t) (3-13)

MK A (3-13) AMERT A E NIHE AR
Pt
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(3-14)

TS 2 B A N3 (3-3) BVl sRAG =41 b 506 B 22 U5 B e ILEEAEL . 4n
T EIS-3BLAL AL & BB, A ) A U5 A R B AR e L RE R i B 4 2R

V 15. 3601km V = 13.3802km V =12.1009km V =11.8122km
OEERE: R

V= 25666km V = 1.8690km V = 1.5318km V = 1.2768km
E3-3 B aEERLETESER
T PR SR A RE WL SLVE, JATTAT LATHEL B I Ziopmil a2 B 1 e I B2 H AR AR

e, FrORAE N .mat SCHF

3.3 H=EEGNHEE

331 ABAEENSRITRAE

H TR 808 EUG S5 R A S LA AR 25 05 2 TR K B AR I i, i ik 5 A
FHIE i G TR B, WA B LR THUE R SRR, IXH0R K 2 0 Gt 5%

(¥ AR J IO F A AR U
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g(A(x, y)) =9(x, y) - g(x+Ax, y +Ay) (3-15)
X, g AKEZS . B B TIRATT I E S g(x, y) MR ESG T ETE. &5t

FEFEIT AL IR, 19I5 EE A IX R — AN RF A

(LD FAFEARMEG, RE T RIAREE L, BUGEEARCRE T JERIF B

(2) 2R EB B, T EGAR Son], — Lo S A i i s e
ARGNERE, N IR 2y FEACSS , AR o BB B CH, OB T ok
A R B

FITLA, WA 2K RE 25 47 JE 49 B GRS i, FRATTT DA 80 B 72 43 A 3 )5 11 BB oK
FoRfE . OIS T R B BB S A 8UE B2 /0, AT DUERAE R L 445
FROEWARRE, Bl #UA XM SRREME, SUKEES SIS
SRAF UG R R TR IA UE S, OB EREN Sz I R (K

PR, FRATTAT DO N BRI S — A s ST R 2R

332 HEEHFREMBMMAEGTH

EI3-4ff, A SR AR FG G 8 1R S s e

REEZST
LERE
RHIE R

®

O |Bsse| 0 |mEzs| @ |esse
WAER—P 4 GititE it

E3-4 mEENGHERBEGBERETEE
wn EEFTR, BIEILS AN R

SR AT AR EGARERIE, BEEREGHIKERBITZE ST EES
EFREGRIABEE. L, A THREEZEARGER, BBt E 53 R
G. B3NM=[AIN, HHT N —PKEZE AT,
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AUR2:, R IEIE B EURHEAT IR EE 22 0 1H 5, IR 2203 BN A K 32 EZ o IR
WBAGFR RAER—AE*BEE 3*3I T L LR £(, ), W1 FEIB-5H77R, #4577 HePyANTh
R FEAB A ZE B T 45

G, =[9(5)-9(®)| (3-16)
G, =19(6)-9(7)| (3-17)

BB R AENE SRR Y CRITHBIME Y 3200 #EAT HeAst . HH/NTRME Y I,
Hp-

G, &&G,, <Y (3-18)
YU FE R 5 Sl (0, ) AR PEAE N0, SR DR B 2 s K FEAEANAE

£(3) gih)

#T) %)

El3-5 &EZESHISSE O
3: K Ry G. B 3MHUHIHIE B B4 A 2 72 73 Ab B (0 BB & oy —

MOEE, X P WA R 2R E YT I BB A K 22 7 A 25 DR B R R N5
BRe BEAE LI 20 o
LRRA: BGRERHE, HAATHE AKX T (3-19) P

255

H :—Z p(i)lgp(i) (3-19)

b, HRREGRIE, PO)ERKESN | MG ERAEETGR ST RLE, 1g NHE
SARTH, B 256 1 KD
NEIB-6 N LUE R AL G B BB, AR 2R RS ) R E R T 5 4G
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s& alzr P = | }|

H = 5.4003 H = 5.3626 . H=52638  H=51626

H 4. 5514 H=4.3788 H=4.2499 H =4.0081

O=E5HR=E: R

H‘=3.9864 H=3.7743 H=3.3788 H = 3.1008
(C)"’_ SRE: =
E3-6 ItREMEEEARZSHRE FTEIGHBERNLER

I RO 22 00 Geit SRR BB FEAB B S0, AT AT DATH SR RIeAT I 2t 2 B

G E R RAEEER, JFORAE . mat U

34 KB

REFENPET T AR R SERHE RS, BRI G4 S8 XA 1
JEAE . Y5 UG R B L DA B 28 0 P 22 43 G v i A B I SRASH 1 BB i o D% T LB DX ok
(RO AR, B 2 o] H g T R S 0 SRR, IR R 1 I JRUEL I RN b MR 25 56 TR BE IR R R
REMTAA T s S5 A R R D73k . X TR BRI RE LB, 2 0a R T RELE e
SR RE WL 52 SRR R R, SRS TEIUA MR T UG IE SR AR RS DL JEE (0 S5 ¥ B At
R T R A 3 T3 SRR AR A R S € 2 5 R R R A AR A UL FE F B
o i — MNEURRHE R BRI IR FE 2 53 J5 sRAS I UG, & e MR IR 2 5y Geik
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SR BE DL R K L 2203 Gt 0 T AN RS AU R T R A AT S BRI, R4 T
KAGAE S S BRER BB fa, MWIRATR H AR 2 o & 55 5% T I R AE

AE DL LK GO0 EL I R AR AU oK, IXEESERAE BT IR X P, £ — 2 1
K& = K i 2B BRI IR
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XA oo o e ETMSHENE SRESBRKEH

PAE ZHEHREEG S RFANLT

E—sRASa S T B ER ST TR E AR L PRI, AR H R 2R
S ANIETF LA ST 1 EUR 7 2 8% R NSRRI IX S i AR, SE e T B =R
JREM. R Z=DEHM KGR, ARERTEENH BP GREXRFELRE). SVM (3
FEFENLD . ELM (BRBR 22 SIHL) 35X =i R R Ly R i Uik &oa, 3K
TR = BB 70 285 10 73 SN REHEAT LU PR, AR S B 0 2R 45 SRR 70 K28 P ade 1)
HHR PR AL AT it NERAR 3R T FUEm

41 BP #HEZMEEGRSEE
411 BP ARy EHE LR
BP #145 /X 2% PBIR 5 22 I AR SR v, AT LB AR B S kB . T H 4k 45

s o ) AOROR R ST i PR R TSR AR M W R . 304
Fa o F4-157 7

ESEREE
BESIRS IPN= E125E E-EaE E==
W W W
X e >
/
N > E——

\ 4

EERAEE
El4-1 BP M4 BN EE

M ETE, BP AP 45 (47 AR T SEBedan H 5 B B ) i = (B AR D — A

TRZE S, A W IR B A I R A 2 T 18] BB AT BE RN — AN iR %, H

B A A5 2R AR A 5 S P 2R AR T 2, S SRR AT I R A 3 R s 1) A 49 R A I
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o

(1) ErfEd R RMmANGEERMANE . RBEEEaiml =, 785 w4 f
HAE 5. ERXAMERRE RS, BT CRERBUER AN, B LR ZE R 4T
W& R~ — 2 AR

(2) S AL R A2 o A 5 TSR AE BEAT LU B, 5 38 2 T ) R 22 AT A2 G 5
ORI, A 2 S AR5 iz AR 22, ITEAT 25 J2 22 1] BOBUE LK AR B 1 2, fif
15 100 £ 1) S B 1 5 300 B A S U (AR 22 IR T, LR AR R EOR . BP MR R 4%
FRIAE B8 A0 A2 R I 25 11 552 o iyt 5 300 52 A Y ] £ 3% 22 VA 45 08 45 J2 2 TR BUAEL AT B4 T 2

Bt F27, B ol I a4 7 1 B K ik 22 0 MELS 25 N 4 o0 I RUE LY R E -
412 BP A4 M % B2 5 £ %698t
AR BP #4245 MG 7 2R 28 1 R AE Matlab P& F 28, $E4 N8P IR.

(1) BEHCIZEHE M BE3TE A C L RB MBI A . =D X
g IR AE . EIR e WL DL AR FH K B 22 43 G v SRAS I BAGRAE - J9 il X 1T 2Rk e
P i UK e Bt ey i DR A7 .mat S A

YN ZEHE train_final.mat:

K/N150%6, YIZREEA 1505K B v 3515017, ATSHINRHIERE , &)m 18 9T <

RS RIS (1~502491,51~1002492,101~150493).

AP test_data_1. test_data 2. test data_3:

K/NN100%5, I e fg — A2 Uit SR 4 R 3L 1005K BT A 910047, FE5F1 R AL £
P (3FIEJRAEARFAE, 1106 WAL, 15 BRI (AL o

T SO 77 10U 75 22 load 3% LEHHE SO ) 44 BR N JE 28 .mat BIFT .

(2) RN H I — b H 1 — A 2 — B A 27 0. X B E %
FH Matlab B 11 (1) premnmx B8 06 Il 2R 82 12E 4T IH—14k, A tramnmx XA 2E 47 1H—4k,
HARE A 77 20408 fhos

[trainl, min p, max p,label, mint,maxt] = premnmx(glass _train, train_label);  (4-1)
A, glass_train I ZR AR I ETSFRFIEELYE , train_label Il Z5bR%5 , trainl A glass_train
FEREIR— 258, minp. maxp 4 glass_train iR —47 1 s/ IME R B K AR -



SRS g i e s
XY oo EFRRBENTSRESRRGRT

[test] =tramnmx(glass _ test, min p, max p); (4-2)
I, glass_test AR K, test Ay glass_test fUH—4L 5 HI45 H
(3) B BP fiLe 2% ERAEH] newff s G BP #i2e k4%
net = netff (min max(trainl),[10 1],{'tansig" 'tansig '}, 'traingdx’); (4-3)
A, [101JFRE — IR MEMZ I mBON10MI1. “tansig” RN iX /= #1 28 R 44 1)
0 pR AR OO IRV S TR pR R, “traingdx” F 7~ B2 T B 3 B 2 =) Z2 1 kbR 2R
(4) WEINGSH:
PRZE IR H bR R ZE

net.trainparam.goal =0.001; (4-4)
SN M EIE S0P R iF
net.trainparam.show = 50; (4-5)
R RIEAR I -
net.trainparam.epochs = 5000; (4-6)
IR
net.trainparam.lr = 0.01; (4-7)
(5) FTUEUIZ:
net =train(net, trainl, label); (4-8)
(6) MR ZREE 1) -
TEST = sim(net, test); (4-9)
Z = sim(net, trainl); (4-10)
(7)) MR R AN ZRas R s A —4k
[y1] = postmnmx(TEST, mint, maxt); (4-11)
[z] = postmnmx(Z, mint, maxt); (4-12)

(8) MIASEAII R KU R G it

KNSRI SOH — A 45 2R 5 LR S8 TR AR 25 2047 E A, 2R — 38 AN HH ]
MR I INES 2, a0 R = FAH R s 7 i . AR — i, FRATH 7 51 7T BLSE
T BP 2 82 MRS A R 4 R R . HRETRE B T B 4-2FTR:
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42 FFFEEN SVM B9 %R
421 SVM % EHEHA
Y FrIA &AL (Support Vector Machine, SVM)#& Corinna Cortes 1 Vapnik $2 Hi 11291,
e Rz 38 T A R A e SRR
SVM & — A7 KHFHE Lo 3eds, Wl i e — A b AR,
7R A NGRS RORAF LA S, X T8 AR 70 SRR A, SR 2  — A s ok T i
X HE AR ARE A BEAT 202 AEA BT, T Matlab B 7 SVM T AAE R BEsEBl
K, PrLAE R libsvm BT SR SEIBA TN Tt BG S AU EN =02, F—
ANTTREXS libsvm AL A T EAT PR U
422 SVM Bfg sy £ Bt
libsvm & 5 {8 K SRR A (Lin Chih-Jen) # <5 AJF R it ORI — ANl 8 5 5
P AN PROE A R SVYM BRI 43 2 0] A 1 34 A 290 (AR A T g BRI 1 R AE
Windows #:1F R Gt HYIE AT M, R AE 1 2 R IARERAE R GANTE S A9 IEAS, 5 3
e RGO P IAEH s BT libsvm $24E TR Z BN S 4, I DS A 148 %
B 0 BB T B AT T B S BORE R D T LR B X e BRI S HER AT AT
DL RAR 2 W) /8. libsvm b $2 48 7 22 XA 36 (Cross Validation) I Zh g . 1Z 814 7T DA%
% C-SVM. v-SVM. &-SVR Fl v-SVR %5 @, A45 5 T — % — 50k 1) 2 2 R )
SRLVE 5 THD B 1) A
AL B libsvm T HFG#EAT =70 K A ARAE Matlab T SEI, 350 BT AN
PR
(1) EHUIZREs A s . X —22 0 BP /28288 U & V52 —FE, load
FARLUI R A ) .mat SCAFEITAT
(2) IEREAM AR H 1 FARPAEEEE 15— 53— BI[0, 1]/ IX A B, iX
HLSR IR 77 1 2 BUANLE [0, 1] DX T[] R )4 — 270 )t BT de KA, AR5 I3 — A I Rk
e HZIIR T A T &= R A AN K. a0 R 2R
max_i = max(train_data(:,i)); (4-13)
train_data(:,i) = train_data(:,i)./max_i; (4-14)
(3) SVMtrain CIZREER): B A libsvm #4-E BL i svmtrain %, S50k
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WGARZAN BT, FHBOARRE: SVM % B (BRA0) — C-SVC; KRB E
HKAY(BRIN2) -- RBF B EL: exp(-rju-v|*2); VAR HABRIER N E . BREELIN:

model = svmtrain(train _data _label,train _data); (4-15)

(4)SVMpredict (ff FH 2 A B AL, AT T : E—AP RV IRTS T —> model,
X5 R N U R B R AL AT AR 2R RI AT, X — 28 ] PLRAGI AR A ZRER 1Y
o RUERAAR, HpR ARSIy

[ predicted _ label] = svmpredict(test _ data _label, test _ data, model, 'libsvm_ options’);  (4-16)
[predicted _ label] = svmpredict(train _data _label, train _ data, model,'libsvm _options’); (4-17)
HEAERmAR B Bl4-30R:

Fia

BN EEIE
FAR 4R

v

MIZRE R
SHa—1t

v

Svmtrain

GNZaER)

lModeI

Svmpredict
(FREHERMER, #HITH)

DRAEHE

[El4-3 SVM Elig LR ERIZE
4.3 tRERZF W ELM Blf§ 5 288
431 ELM %X HEEA
BRI C(extreme learning machine) ELM J&—Fhfij g 2. 5 18 FH () B 2
AR 4% SLFNs 22 2] 57k, T 2004 4E R PEEE TR R0 a2 i 1By,
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ELM BEHBENL™ AN 2 SRS 2 B BEEBUE KX e & Z M & R sE, HAE
AR LR IAE, ARERERYEMEICMNE, ErLERE—RiE. 5
RGN GRINEALL, %07 BA 2 SR 2 AT AR RE1S B 4 J5) i A A S5 A 1

B IRAT LA

(1) i Ba & 2 MR oM, BB E & TURUE A1 IR

(2) RPEHGE R B sig’ s ‘sin’ flhardlim’, +HHEEESZEFHH H;

(3) T % EAUE .

432 ELM B¢ £ E a9kt
ELM EG s Ras i @mfs 5 BP B /s s iR A —2L, N 27EQ s

LR YIGRANINA TS T A —#F . SRR R I E4-4FR -

FHa

TSEERINZ $R
Fumnst B4

v

WIS
ERYR—1

ELMEIE /4%
I

\ 4 Y

ELMIIAEE ELMIl T E

v v

MR NFER
RYa— RYA—1t

v v

Mitg % U
RS MR

P

El4-4 ELM Bl o ESERizE
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e, H%t elmtrain A1 elmpredict #3473 B -

[IW,B,LW,TF, TYPE]=elmtrain(P _train,T _train, 20,'sig",1); (4-18)

T _sim_1=elmpredict(P _train, IW,B,LW,TF, TYPE); (4-19)

T _sim_2=elmpredict(P _test, IW,B, LW, TF,TYPE), (4-20)
FHE=ARK T

B——bias, A2 BI1H;
TYPE——RHUB A %
P_train——4 A Il 2R 5004 5
T_train——4 A I ZRPR2E s
P_test——4 A\ A 204
IS UREISE (€
PO R B R A
1— A ade B H Al 2 75 R BUR B3R
TF——active transfer function, i o $ 3 5
IW——input weight, $ARE, %A JZ B EZ R
LW——Ilayer weight, #itHAE, [&E )= 2050t = FIRCE
SEIRUE, elmtrain TR M2 FIR1EFIZk, 1 elmpredict FHT-#28 W25 ) T
M, &z A IWB,LW, TR TYPE S50 1T L R
4.4 ZMEGS AR LML S
441 =APEE LB KRR
AT =974.1. 4.2, 43[BT T57%, £ Matlab "F5EE BP. SVM A1 ELM {4
e g afe
St AL AR & U5 (1) 1507k MG REAT IR, ARAFUF IR RS, JE0F I3 A 3005K
B WZRPEIS07K MR BEAT 22 IRAIE . K7 s B 45 SR 5 AR ZREE TRSE AR I AQI
B E HIARAEBEAT LI, 700 B LR 3R MR 7 SRS L IIZRER I 70 R 2 .
HAT A R~ Bl4-5f7R
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