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ABSTRACT The conventional method of PM, 5 prediction requires high-precision instruments to obtain data on the concentration of
pollutants, resulting in a high prediction costs. In this work, we attempt to use image data to estimate PM, s concentration. The
concentration of atmospheric PM, s is closely linked to the image’s dark channel intensity, contrast, and color difference of HSI. The
increase in atmospheric PM, 5 concentration leads to a decrease in the non-sky area dark channel intensity, image contrast, and HSI
spatial color difference. In this paper, a Column-Generation PM, 5 prediction model based on image mixture kernel was proposed by
analyzing the relationship between PM, 5 and image features. First, the sampling period was taken as 1 h, and 8:00—17:00 was taken as

the sampling range daily. The scene images were recorded in different weather conditions, and five image features were extracted,

Y #5 B #5: 2019-07-15
EETIR: HEHRP¥E4 %I H (61873006, 61473034, 61673053) ; 4t 51T B 2% 8 L T % Bh 3 H (2181100003118012) ; [ 5 & /5 #F
KR B H (2018 YFC1602704, 2018YFB1702704)


mailto:yangxu@ustb.edu.cn
mailto:yangxu@ustb.edu.cn
mailto:yangxu@ustb.edu.cn
mailto:yangxu@ustb.edu.cn
https://doi.org/10.13374/j.issn2095-9389.2019.07.15.002

M, LT RMGIR A 15 L B PM, 5 T 923 -

including contrast, dark channel intensity, and HSI color difference. Secondly, the image data has the characteristics of large sample size
and uneven distribution, and the prediction model consists of a single kernel function, which makes it difficult to meet the prediction
accuracy requirement. Therefore, the linear kernel function, polynomial kernel function, and Gauss kernel function were chosen to
construct a composite model according to the concept of kernel structure from simple to complex. Then each kernel's Gram matrix was
calculated based on training samples, and all gram matrices were placed into a mixture kernel matrix. Using the column generation
algorithm and mixture kernel matrix, the prediction model was developed and the parameters of the model were solved. Finally,
simulation experiments were performed; the results show that the prediction model based on the image mixture kernel of Column-
Generation PM, 5 can meet the prediction accuracy requirements. The model has higher prediction accuracy and better model stability in
comparison with the single-kernel prediction model. A computational complexity analysis shows that the prediction model based on the

image mixture kernel of column-generation PM, 5 has no significant increase in computational complexity in comparison with the one-

kernel prediction model.

KEY WORDS PM, ;5 prediction; mixed kernel function; column generation algorithm; image feature; prediction model
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Fig.2 Prediction results of mixture kernel model
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Table 2 Performance comparison of the four models

Kernel €mse Emape/ % R
L 11.959 13.603 0.814
P 13.924 15.601 0.751
R 11.188 12.213 0.843

L+P+R 9.553 9.955 0.895
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Fig.3 Relative error in mixture kernel model prediction

42 HEERESH
BT MR IR S A 91 A S0 A R ) 3158 R
2% I MR T T G R A (B RO S B A 5 A, A
e A5 5 R 5 90 A U TE AR A B AR R i
AT 28 BTSN T B AR BB, MR &
R NV R np, Fe 2 Z A Bomd. il BURE 51 #
B5 R T A S BEAT VB L, 5 Uk T



- 928 -

TRERLF2ER, 26 425, 5 7

bl np,np—1,np—2,--- ,.np—m+1, RO AR Bk
mnp—(mz—m)/Z. N hm < n, B LIRS AR A1
52 IR E AT 7R 2 O(nmp), [R) B A% 5100 A2 750
THR 24 0y O(nk) (K A% [ vh il Y 51 450
A p =3, m < n, k < n, (J130(mmp) = O(nk) = O(n),
JIF AR & % 00D A B 5 B A T A B AR L, TR
SR TR W R S .

g5 b, AR SCER BT ERIR A A% 1 8 A
TN ASE R, T ks A2 THNRG BE RO R ER R, SRIRCEE Y
IR NI (7R &4 & B o e K K i = N =R
BRI A5 YA L TG B S G I, X #E AT PM, 5 F
A S .

5 #it

B M PSS T i R 22 78 e 2 P O B T A 4
TUT5 1%, R pRBORT LORE AF 22 1 Hi 30 e S5 30 vy 4k 2%
Peas 8], AR SORAZ 575 580 R R RS &, 321
T T EURIR A 608 A AR L. i
THATH LN S5E

(1) B RAPM, s BUNE I R E 2% . K<
15 Yy e JBE 8040 M LA AR M5 ) A, T TR P
S TR AT TN R AT AT A, 24 08 IR T AR AE
55 PM, s I SC I, BEAS B AN 5 A T 58

(2) 3 T GRS A% 19 51 A Rl 3 00 A5 28 T 5
F B A SR, HRE MR [ v 1 5 e A Y
B, fEASE Y f figp EL o A i 1 L BEIRS JRE T UL

(3) ¥R A M TR 0 3 P A 9300 5 7 ) i 0
DRZE/N RGBS E R A, IR HL A KA
R T P E

(4) R SCHR R B BE RIS 2225 | I TR A8 ) 45 K
STCIEIE ], 2 WA R U ASOR, 5 2EAE 5 Jn Y
AR R SRR IR K A R B AR B I 2
W B 15 292 AL BE ) B i | F0INORG R B g A
o EiR

Z % x #t

[1] Zhang X L, Zhao J H, Cai B. Prediction model with dynamic
adjustment for single time series of PM, 5. Acta Automatica Sinica,
2018, 44(10): 1790
(3R BBk, X, BRIk 410 PM, s BpLbst 18] J3° 51 H50H0 14 sl A5 ) 4%
AR [ 2k ¥4R, 2018, 44(10): 1790)

[2]  ZhanY, Luo Y Z, Deng X F, et al. Spatiotemporal prediction of
continuous daily PM,s, concentrations across China using a
spatially explicit machine learning algorithm. Atmos Environ,
2017, 155: 129

[3] Sun W, Sun J Y. Daily PM, 5 concentration prediction based on

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

principal component analysis and LSSVM optimized by cuckoo
search algorithm. J Environ Manage, 2016, 188: 144

Qu Y, Qian X, Song H Q, et al. Machine-learning-based model and
simulation analysis of PM, s concentration prediction in Beijing.
Chin J Eng, 2019, 41(3): 401

ChiBE, BRI8, ARUEER, 25, BETHLaR T BYAL I I PM, ¥ BE T30
RO S ABAUST. TRERA 27l 2019, 41(3): 401)

Russo A, Raischel F, Lind P G. Air quality prediction using
optimal neural networks with stochastic variables. Atmos Environ,
2013, 79: 822

LiJ G, Luo A R, Li X L. Prediction of PM, 5 mass concentration
based on complementary ensemble empirical mode decomposition
and support vector regression. J Beijing Univ Technol, 2018,
44(12): 1494

(AT, B o, R BT HAMEG SRS /it 5 30k
fo] 2 [0 I (14 PM, s J57 3 J8 0. A 5t Tk R 2= 24 4, 2018,
44(12): 1494)

Liu C B, Tsow F, Zou Y, et al. Particle pollution estimation based
on image analysis. PloS One, 2016, 11(2): 0145955

Gu K, Qiao J F, Li X L. Highly efficient picture-based prediction
of PM, s concentration. JEEE Trans Ind Electron, 2019, 66(4):
3176

Li X L, Zhang S, Wang K. PM, 5 air quality prediction based on
image quality analysis. J Beijing Univ Technol, 2020, 46(2): 191
(R, sk, FRE. H T IR BT /38T I PM, 525 VST Bl
JER TP K244, 2020, 46(2): 191)

Wang H Q, Sun F C, Cai Y N, et al. On multiple kernel learning
methods. Acta Autom Sin, 2010, 36(8): 1037

GEUURR, INET R, 45407, 5. 2040 Tk, A bk 4k, 2010,
36(8):1037)

Fink M, Desaulniers G, Frey M, et al. Column generation for
vehicle routing problems

constraints. Eur J Oper Res, 2019, 272(2): 699

with multiple synchronization
Li H. Statistical Learning Method. Beijing: Tsinghua University
Press, 2012

(. geit# > Jrik. Juat IR ICA IR, 2012)

Demiriz A, Bennett K P, Shawe-Taylor J. Linear programming
boosting via column generation. Mach Learn, 2002, 46(1-3): 225
Bi J B, Zhang T, Bennett K P. Column-generation boosting
methods for mixture of kernels//Proceedings of the Tenth ACM
SIGKDD International Conference on Knowledge Discovery and
Data Mining. Seattle, 2004: 521

Vapnik V. The Nature of Statistical Learning Theory. Springer
Science & Business Media, 2013

Berman D, Treibitz T, Avidan S. Single image dehazing using
haze-lines. IEEE Trans Pattern Anal Mach Intell, 2018, 42(3):
720

Seinfeld J H, Pandis S N. Atmospheric Chemistry and Physics:
from Air Pollution to Climate Change. John Wiley & Sons, 2016
Graves N, Newsam S. Camera-based visibility estimation:

Incorporating multiple regions and unlabeled observations. Ecol


http://dx.doi.org/10.1016/j.atmosenv.2017.02.023
http://dx.doi.org/10.1016/j.atmosenv.2013.07.072
http://dx.doi.org/10.1371/journal.pone.0145955
http://dx.doi.org/10.1109/TIE.2018.2840515
http://dx.doi.org/10.3724/SP.J.1004.2010.01037
http://dx.doi.org/10.3724/SP.J.1004.2010.01037
http://dx.doi.org/10.1016/j.ejor.2018.06.046
http://dx.doi.org/10.1016/j.ecoinf.2013.08.005
http://dx.doi.org/10.1016/j.atmosenv.2017.02.023
http://dx.doi.org/10.1016/j.atmosenv.2013.07.072
http://dx.doi.org/10.1371/journal.pone.0145955
http://dx.doi.org/10.1109/TIE.2018.2840515
http://dx.doi.org/10.3724/SP.J.1004.2010.01037
http://dx.doi.org/10.3724/SP.J.1004.2010.01037
http://dx.doi.org/10.1016/j.ejor.2018.06.046
http://dx.doi.org/10.1016/j.ecoinf.2013.08.005

PPN BT GRS % 8951 A2 B PM, 5 B

-+ 929 -

[19]

[20]

Inform, 2014, 23: 62

He K M, Sun J, Tang X O. Single image haze removal using dark [21]
channel prior. IEEE Trans Pattern Anal Mach Intell, 2011,

33(12): 2341

Kim K W, Kim Y J. Perceived visibility measurement using the

HSI color difference method. J Korean Phys Soc, 2005, 46(5):

1243

Yuan L, Mu Z C, Liu L M. Ear recognition based on kernel
principal component analysis and support vector machine. J Univ
Sci Technol Beijing, 2006, 28(9): 890

(GRar, Bkl XV, JE T8 o0 i S f il s LAY A
HAUI. LSRR #2741, 2006, 28(9): 890)


http://dx.doi.org/10.1016/j.ecoinf.2013.08.005
http://dx.doi.org/10.1109/TPAMI.2010.168
http://dx.doi.org/10.3321/j.issn:1001-053X.2006.09.019
http://dx.doi.org/10.3321/j.issn:1001-053X.2006.09.019
http://dx.doi.org/10.3321/j.issn:1001-053X.2006.09.019
http://dx.doi.org/10.1016/j.ecoinf.2013.08.005
http://dx.doi.org/10.1109/TPAMI.2010.168
http://dx.doi.org/10.3321/j.issn:1001-053X.2006.09.019
http://dx.doi.org/10.3321/j.issn:1001-053X.2006.09.019
http://dx.doi.org/10.3321/j.issn:1001-053X.2006.09.019
http://dx.doi.org/10.1016/j.ecoinf.2013.08.005
http://dx.doi.org/10.1109/TPAMI.2010.168
http://dx.doi.org/10.3321/j.issn:1001-053X.2006.09.019
http://dx.doi.org/10.3321/j.issn:1001-053X.2006.09.019
http://dx.doi.org/10.3321/j.issn:1001-053X.2006.09.019

