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ABSTRACT : To verify the performance and effectiveness of bilinear model for the development of
ozone prediction system, the simulation experiments of the model identification for ozone formation were
performed by using bilinear and linear models. And the prediction results of the ozone formation by
bilinear model were compared to those of linear model and the measured data of Seoul.
ARMA (Autoregressive Moving Average) model was used in the model identification. A recursive parameter
estimation algorithm based on an equation error method was used to estimate parameters of model. From
the results of model identification experiment, the ozone formation by bilinear model showed good
agreement with the ozone formation from the simulator. From the comparison of the prediction results and
the measured data, it appears that the method proposed in this work is a reasonable means of developing
real-time short-term prediction of ozone formation for an ozone forecast system.
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Fig. 1. Identication results using linear and dilinear
model of O; formation for GHe(0.5ppm)-
NO(0.09ppm)-NC,(0.002ppm)-dry air system
on change of temperature
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Fig. 2. Identification results wusing linear and
bilinear model of O: formation for CsHe
(0.7ppm)}-NO(0.09ppm)-NQO(0.002ppm)-wet
air(50% RH) system on change of temperature
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Table 1. Statistical comparison of two models for Fig. 3 and 4

Bilinear model Linear model
Model order Prediction hour
RMSE NMSE MRE RMSE NMSE MRE
1st 3 9578 0.059 0.014 10.758 0.076 -0.057
)
6 10.407 0.071 -0.035 13.337 0.109 -0.098
2nd 6 12.484 0.072 0.041 12.262 0.069 0.053
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Fig. 3. Prediction results of O3 concentration using
1st order linear and bilinear model for
Kwanghwamun of Seoul during Aug. 7-10,
1997
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Table 2. Statistical comparison of two models for Fig. 5 and 6

Bilinear model Linear model
Model order | Prediction hour
RMSE NMSE MRE RMSE NMSE MRE
1st 4138 0127 0.007 4,678 0.136 -0.008
sf
4815 0.121 0.030 6.258 0.148 0.057
2nd 9.203 0.189 0.060 2323 0.208 0.059
Table 3. Statistical comparison of two models for Fig. 7 and 8
o Bilinear model Linear model
Model order | Prediction hour
RMSE NMSE MRE RMSE NMSE MRE
1at 9.962 0.050 0.146 9.367 0.048 0.135
s
11.905 0.058 0.202 10.020 0.048 0179
2nd 6 12.220 0.058 0.214 10.846 0.052 0.190

CLEAN TECHNOLOGY Vol.8 No.1



M A-d 97 35
® d72RE FPFe R SRV BAQ) 2&
| e e mode HEAE A AZel Agel gloin & Aol

§ooe linear model

o

=3

[

g

-2

£ 8o

§ 6hours ahead prediction actua! data

5 601 s —e- bilinear model
o

pre

Doen linear mode!

Time, hr
Fig. 7. Prediction resuits of O; concentration using
1st order linear and bilinear model for
Kwanghwamun of Seoul during Sept. 16-19,

1997
100
bilinear model — actua) data
80 4 —e—= st order model
- 2nd urder model
50 4

=

[=5

o,

g

g 100

5 Tinear model ——— actual dar

£ e — - Ist order model
a H 2nd order model
s

Timne, br
Fig. 8. Prediction results of Os concentration accor-
ding to the change of model order for
Kwanghwamun of Seoul during Sept. 16-19,
1997 (6hours ahead prediction)

HE 647t dZAel dste] UIY VY AS
A%E YL 98e ¢ & AR A 2

A At el H8 risAS $AE + UG-

5. =

SE Ao T FH ZAIIE ol &3] 2E
Fol Rl AES £ A HUdA 2dS
olg3la dEF QF WAAHT BAVZRH AL
E W] AY YAFE & &+ AN2r w4
A QEe] Y o & NP g QoM A&
dx mdle] FHE E4E BAY F AAT ME
Ao dA Wrlegede FHARE 8T ¥
#geke] o Zadel doide dFAtel S
et 2F $Te d& e VALY U
a7h E1ETE asolol & 2do HTv|H
o) Z7le] et 23R @e) Hldte) 134 Rde} E
T A H dEARE B Uk EF A F
BAAZE 0|83 2& FEY A3 JojMe BAL

718 o8% =9y dize g8 g R AY
A 2PN sty Bz wdd 4F 2do] A
A A2 A4S Ushiden 98 3%
ZAAZe] dsiXE 2 AP AQe oF Y
o] 2F dEA HT HE ﬂh* < A% 7
gk ey 2oy FEg oF Wye hEsts]
e 713 2 A 2dg 18 5 e
o] o] wEte] FE AFHY T o)FHAHC
¥ Fo= ATAL

j&s‘:‘i

ZAre| 2

o] =BL 20008%E $2%EUFAT A Yol
o)5hed 5] 912 (KRF-2000-003-E00415)

1. Vukovich, F. M., Time Scales of Surface Ozone
Variations in the Regional, Non-Urban Environ-
ment, Ahnospheric Environment, 31, 1513 (1997)

2. Christakos, G. and Vyas, V. M, A Composite

HHI& M8H HIE



SEABAAYE 4 0 F BAF AF7Y Ao B 7

10.

11.

12,

13.

. Graham, R. A.

Space/Time Approach to Studying Ozone Distri-
bution Over Eastern United States, Atmospheric
Environment, 32, 2845 (1998)

. Jorquera, H, Perez, R, Cipriano, A, Espejo,

A., Letelier, M. V., and Acuna, G., Forecasting
Ozone Daily Maximum Levels at Santiago,
Chile, Atmospheric Erwironment, 32, 3415 (1998)

. Oh, S. C, Sohn, S. H,, Yeo, Y. K and Chang,

K. S, A Study on the Prediction of Ozone
Formation in Air Pollution, Korean [ Chem.
Eng., 16, 144 (1999)

and Johnston, H. S, The
Photochemistry of NOs and the kinetics of the
N>Os-O3 System, ] Phys. Chem., 82, 254 (1978)

. Stockwell, W. R. and Calvert, J. G., The Near

Ultraviolet Absorption Spectrum of Gaseous
HONO and N:Os, J. Photochem,, §, 193 (1978)

. Carter, W. P. L, Lloyd, A. C, Sprung, ]. L

and Pitts, J. N. Jr, An Experimental Inves-
tigation of Chamber-Dependent Radical Sources,
Int. J. Chem. Kinet, 11, 45 (1979a)

. Winer, A. M., Carter, W. P. L, Darnal, K. R.

and Pitts, J. N. Jr, Smog Chamber Studies
of Temperature Effects in Photochemical Smog,
Environ. Sci. Technol., 13, 1094 {1979)

. Rao, S. T., Zurbenko, I. G.,, Neagu, R., Porter,

P. S, Ku, ]. Y. and Herury, R F., Determining
Temporal and Spatial Patterns in Ozone Air
Quality, J. Air Waste Mgmt. Assn., 45, 57 (1995)
Ch, S. C, Lee, C. Y, Sohn, S. H. and Yeo, Y.
K., Predicion of Ozone Concentration in
Atmosphere Using Statistical Method, [ Chem.
Eng. Japan, 34, 77 (2001)

SAHE, AT, AFART R FAF e °l
£ 2& B49 dF FF7)E, 7, 119 (2001)
Sohn, S. H, Oh, . C, Jo, B. W. and Yeo, Y.
K., Prediction of Ozone Formation Based on
Neural Network, Journal of Envirommental Engi-
neering, August, 688 (2000)

Sohn, S. H, Oh, S. C, Yeo, Y. K. and Chang,

CLEAN TECHNOLOGY Vol.8 No.1

14.

15.

16.

17.

18

19.

20.

21.

22,

23.

K. S, Predicion of Air
Artificial Neural Network, Korean J. Chem. Eng.,
16, 382 (1999)

Yi, J. and Prybutok, V. R, A Neural Network
Model Forecasting for Prediction of Daily

Pollutants Using

Maximum Ozone Concentration in an Indus-
tralized Urban Axrea, Envir. Pollution, England,
92, 349 (199)

Robeson, S. M. and Steyn, D. G., Evaluation
and Comparison of Statistical Forecast Models
for Daily Maximum Ozone Concentration, A#ro-
spheric Environment, 24B, 303 (1990)

Fnaiech, F. and Ljung, L., Recursive identifi-
cation of bilinear systems, Int. | Control, 45,
453 (1987)

Gabr. M. M, A recursive (on-line) identifi-
cation of bilinear systems, Int. J. Control, 44,
911 (1986)

Zhang, Y. G, Identificaion of a Class of
Stochastic Bilinear Systems, Int. J. Control, 16
641-649 (1985)

Frick, P. A. and Valvavi, A, S, Estimation and
Identification of Bilinear Systems, Automat. Conir.
Theory and Applications, 6, 1 (1978)

Seinfeld, J. H., Atmospheric Chemistry and
Physics of Air Pollution, John Willey & Sons,
New York (1986)

Sakamaki, F., Okuda, M. Akimoto, H. and
Yamazaki, H., Computer Modeling Study of
Photochemical Ozone Formation in the Propene-
Nitrogen Oxides-Dry Air System. Generalized
Maximum Ozone Isopleth, Environ. Sci. Technol,
16, 45 (1982)

Oh, S. C and Yeo, Y. K, Modeling and
Simulation of Ozone Formation from A Propene-
Nitrogen Oxides-Wet Air Mixture in A Smog-
Chamber, Korean |. Chem. Eng., 15, 20 (1998)

F. Fnalech and L. Ljung Recursive identifi-
cation of bilinear systems, Int. J. Control, 45,
453 (1987)



L H-q9F 37

24, M. M. Gabr, A recursive (on-line) identification bilinear systems with stable inverses, Chem.
of bilinear systems, Int. ] Control, 44, 911 Eng. Comm., 65, 79 (1988)
(1986) 26. Oh, S. C. and Yeo, Y. K, On-Line Identifi-
25. Y. K. Yeo and D. C. Williams, Adaptive model cation of Interacting Two-Tank System, Korean
predictive control for single input-single output J. Chem. Eng., 13, 422 (1996)

HE71& NgH M=



