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Optimization of Tank Model Parameters Using
Multi-Objective Genetic Algorithm (II): Application of Preference Ordering
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Koo, Bo Young / Kim, Taesoon / Jung, I Won / Bae, Deg Hyo

Abstract

Preference ordering approach is applied to optimize the parameters of Tank model using
multi-objective genetic algorithm (MOGA). As more than three multi-objective functions are used in
MOGA, too many non-dominated optimal solutions would be obtained thus the stakeholder hardly find
the best optimal solution. In order to overcome this shortcomings of MOGA, preference ordering
method is employed. The number of multi-objective functions in this study is 4 and a single
Pareto-optimal solution, which is 2nd order efficiency and 3 degrees preference ordering, is chosen as
the most preferred optimal solution. The comparison results among those from Powell method and
SGA (simple genetic algorithm), which are single-objective function optimization, and NSGA-II,
multi-objective optimization, show that the result from NSGA-II could be reasonalby accepted since
the performance of NSGA-II is not deteriorated even though it is applied to the verification period
which is totally different from the calibration period for parameter estimation.
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Table 1. Number of Pareto—optimal solutions resulted from 3 multi-objective functions and preferred
solutions in the 3rd order efficiency computed from Pareto-optimal solutions for 4 multi-

objective functions

Objective VE VE VE RMSE
function RMSE RMSE L_RMSE L_RMSE
Solutions H_RMSE L_RMSE H_RMSE H_RMSE
3D Pareto-optimal solutions 900 900 900 900
3rd order preferred solutions 275 315 481 466
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Fig. 2. Pareto-optimal and Preferred solutions in the 3D objective function spaces

Table 2. Number of Pareto—optimal and preferred solutions in 2D objective function spaces

Ofb]ectt.i"e VE VE VE RMSE | RMSE | L_RMSE
. aneton | pMSE | L_RMSE | H.RMSE | L RMSE | H RMSE | H_RMSE
Solutions
2D Pareto-optimal solutions 44 34 899 804 899 900
2nd order preferred solutions 4 7 45 117 91 168
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Table 3. Number of Pareto—optimal solutions for 4 multi-objective functions and preferred solutions in
the 2nd and 3rd order of efficiencies for different degrees

lorder, degree] | WML mn B2 B Ba BU 22 Y RO B 26
Preferred solutions 900 841 563 134 0 323 101 4 0 0 0
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Table 4. Objective function values for the preferred solutions (PS)

objective
fu’mﬁon PS-1 PS-2 PS-3 PS-4
VE 1.05 0.00 157 0.92
RMSE 381 2.98 2.81 3.81
L_RMSE 0.38 055 0.59 038
H_RMSE 11.70 6.54 6.81 11.69
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Table 5. Paremeter sets of Tank model computed from preferred solutions (PS)

Parameter All | Al2 B1 AZ BZ A3 B3 Ad HIl ¢ H12 H2 H3
PS-1 0.498 | 0498 | 0.239 | 0.0379 | 0.0837 | 0.0050 | 0.0094 | 0.0005 | 27.7 | 27.0 | 001 | 0.16
PS-2 0.500 | 0.192 | 0.177 | 0.0988 | 0.0991 | 0.0052 | 0.0081 | 0.0008 | 60.0 | 258 | 996 | 1.22
PS-3 0.500 | 0.357 | 0.353 | 0.0999 | 0.0215 | 0.0063 { 0.0085 | 0.0005 | 60.0 | 134 | 3968 | 2.34
PS-4 0.500 | 0495 | 0.239 | 0.0396 | 0.0850 0.0050 | 0.0094 | 0.0005 | 27.7 | 27.0 | 000 | 036
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Table 6. Statistics of computed and observed flows for calibration period

NSGA-Tl SGA Powell
VE(%) 0.00 11.66 -0.05
RMSE(mm/day) 2.98 2.85" 3.33
L_RMSE(mm/day) 0.55 0.65 0.59
H_RMSE(mm/day) 654" 6.75 9.26
Model Efficiency 0.79 0.81 0.74
Correlation Coefficient 0.88 0.89 087"

* represents for the best value in each statistic.

243 g 2ol7) e A2 YeRdth NSGA-T
£ AAHoR SGAY A FEFATR go] #F F
Fo6) & Bgate 285 Jepilo e 7
H3le] FEIAY Aeiel HFEFAA A fEol
AT, A AAeEFHL Powell WEF
SGAS] F7HE-Ee X8 XA oz SAH R
BEA o) 7H FAE 2ol dnE Yehldch
HAglg viAage AAE Hstd 198rdRH
1917141 9] 717h8 A7 0 2 ARSI AT AT
o} HF5-9 gt FEFA ol & YERG R
e 28k Fig. 8% Zo] Yepith BA7|7t
gt A4 Aol npRTIA R Powell WHOE A9
ARSS BLAS dels AFRA ga & &
27} 2Bk SGASH NSGA-T %3 BA7|7t
oA Ax H=F F4E Uehsiot HA miziHs

~— Observed
1600 -

1200 -

RUNOFF(mm/day)
-
g

400

712/89 8/1/89 91789

— +— . NSGA- ||

o) 2R o|-&H #F7Izto] ohUH Fo-frE Gl
o7k glof BE 7ol HA7|ZI Hlste| A
2 ¥ %8 AFE YehidtTable 7).
NSGA-TI9] A2 VES A9 A9 &4
JollA o2 F A9 7IHEY TR =Y #E BAF
Atk &, SGAE FHAA T8 wWiEFE o8
A7}l LRMSEE A9 g 2E 45 theid F
#e BAFT AR, SGAZE A7 ol £Ag
Foll tisiA =i HHstE TP djolx, W
NSGA-IIE 4719 E43+E BT AH&3)x st
TR AAQE nvid, AA7IeIA ] A Fol
SGAY Powell 3} wlasix A Apol7t YAl &
T AL oEAH fda dnse ol&sN 7
Tank 289 si/fEs7t S8 &8 7Fed g9
BHoAF1 SlE Fol#ha AdEh

Nt

o r

POWELL

A  SGA

10/1/89 11/1/89 12/1/89

DAY

Fig. 8. Computed and observed flows from Tank model (1989.7.2~1989.12.1)

Table 7. Statistics of computed and observed flows for verification period

NSGA-TII SGA Powell
VE(%) -9.41 -1.02* -8.60
RMSE(mm/day) 559 5.26° 5.76
L_RMSE(mm/day) 0.68 0.96 0.63"
H_RMSE(mm/day) 9.28 8.66 10.70
Model Efficiency 0.56 061" 0.53
Correlation Coefficient 0.72 0.76° 0.75
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