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Application of Self-Adaptive Meta-Heuristic Optimization Algorithm
for Muskingum Flood Routing
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Abstract In the past, meta-heuristic optimization algorithms were developed to solve the problems
caused by complex nonlinearities occurring in natural phenomena, and various studies have been
conducted to examine the applicability of the developed algorithms. The self-adaptive vision correction
algorithm (SAVCA) showed excellent performance in mathematics problems, but it did not apply to
complex engineering problems. Therefore, it is necessary to review the application process of the
SAVCA. The SAVCA, which was recently developed and showed excellent performance, was applied to
the advanced Muskingum flood routing model (ANLMM-L) to examine the application and application
process. First, initial solutions were generated by the SAVCA, and the fitness was then calculated by
ANLMM-L. The new value selected by a local and global search was put into the SAVCA. A new solution
was generated, and ANLMM-L was applied again to calculate the fitness. The final calculation was
conducted by comparing and improving the results of the new solution and existing solutions. The sum
of squares (SSQ) was used to calculate the error between the observed and calculated runoff, and the
applied results were compared with the current models. SAVCA, which showed excellent performance in
the Muskingum flood routing model, is expected to show excellent performance in a range of
engineering problems.

Keywords : SAVCA, Metaheuristic Optimization, Muskingum Flood Routing, Continuous Flow, ANLMM-L

2 AFe FRELSH/FELEIHN &S] AEAE JA/GEE ZRAE AYor $YF -2(20NSPS-B154315-03).
*Corresponding Author : Eui Hoon Lee(Chungbuk National Univ.)

email: hydrohydro@cbnu.ac.kr

Received April 24, 2020 Revised May 28, 2020

Accepted July 3, 2020 Published July 31, 2020

29



AR &85 =5 A A21d A7E, 2020

1. M2

ket WHAl o 2 e 432 0] 532 shofA
9] FEFE AXtols Aot 35529] Zil= opo
A toFsl R ES AAIE SAEIE Wolsh] 9
&) ARgETH TR g4 Sajshy TasAT) S8
o]—X—] "L/rﬁlz_x—]—ﬁ ;r_L—v—Q\:]' /\E]o]—x—] ke /\zzj' o

2 55 WP FIRERY AupggAel ?i%;:*
A 9 SEPPHAL AT 27| 2AS EHHE
AAZAS T ANS 7|22 St Sejot Fod
4o 2o HYE HolE 5 YA OIS Az
o W 49, 2 U Feuio] WstE Agsior 5]

wo] e ko] ylojelel Bt Alito] Waslet.
ol Boh R AxubgAlg JHo g st
A=A A8 ALR5ko] tjEFdQl AdlE AEShs v
olt}. ejstd F4FAoME YR 22]=9] Azk}
Zboll et 9], 2= 9 vhle] Wske HEsjof shAjut
SRS F5EAoME YR J2lsdHe] i 9
881 gt &, $5H F4EHL vAHe 355
HolAgk R F4H2AS AAHA F55Holet
2 4 el

%7] Muskingum &55242 SH3US 18T ¢
AA7] P2 o]F Bstr] st Al 7HA] HeE 2

MZL Muskingum Z5¢F20] AAHJH2]. Tung
(1985)2 A7 429 H4g TAE 1ol A3
Muskingum €434 th4l H]AE Muskingum 55
AE AMESE A+E AGSEATHA]. Das (2004)= sSHe
S AL UkEA7|E Sk SR Ysh
HEAdE QXE FASRIHTHA]. Geem (2006)2 475+4]
ZAtell 719t Broyden-Fletcher-Goldfarb-Shanno
718 Y43 Muskingum 454 0] -8t cH5].
Karahan & (20152 S9474 € 5999 7ISAE
1% ¥]AY Muskingum S5F4E AQtstiTHo].

E AFogME ABE Muskingum S5FHL
advanced nonlinear Muskingum flood routing
model (ANLMM-L)°]tH7]. ANLMM-L& & 67§9] ¥
& B IdEFUT 2 ek Wrgolt
712 Muskingum 5543} vp7FA]2 ANLMM-LE
6789 A8
= glon & oA ARG

3 A72gY Hash g

Zu}oolo
‘—|HO]-TI'

(o]

WAE 25| AT FAS PuelES

=

2]&91 self-adaptive vision correction algorithm
(SAVCA)Z et ZAIECIA $2 235 o
(8. ANLMM-LoJA 22 AREEIY X235} dare

30

7+ v 7As=0] Ao wet Ayt 24 g2t
o] AA7| Wiz /\]'o S0 W A7S &
7\}01'01 7 4] 917 BAS AAISof ok MIAR
=0 A ot 7@% AR &35 dudE
= A&oto] i) 43S AN EN AR
A7t GA A5t duES Aok ZAl 8% 5
St

A71H8E FAeh FarElE F shRl SAVCAS] 35
8t ZAIA £2 Z2HE HoF o Muskingum
TFAT L e HEe A e
Tk ofyet F5k EAlo Higk H-8adS AESH cﬂ:y’-l:-_
Pt = 01‘7‘0"*1" SAVCAA 3‘]9“14'7‘401] ‘:HEH

Fobr 3 4

(e]

H
AR AL, A 8 A4 L 712 AU A 5o
sk TS A molth £7bHoR ANLMM-LY
67} WsE 24| 95 SAVCAS Aol AHad
ATE 712 FHEASS H8sto] A& Ao} v
shct.

2. 0|=2H HigF

E‘H AREE T 7HA 2 AR
0] SAVCAY} 489l Wl =H}golek
ZQ1 ANLMM-LoJt}. Muskingum &
23 ALE fEe A=
olxe] EXFR AAHT F, 2H35}t
=T ALE 25 19 o7t
T UES YHEA ]’ﬂ'g_ S35HA "t

X1~°ﬂ ANLMM-L9] 7t ¥i&=o] ofjgt statgtat A3t
# Atolol A 2 F2R9] kel oJsf 271 sl 4
gert. olo] &g wet 71& H-Y F sk sivt
AEEAY A2 15 A/G5H etk BA4E sfoll =
2 A%, AT 2 fE0] AAEL ALdE &%
I 5 FEFY oAE HASR dlo] ATE 4k
S3A} oldf|, A fEFT IS AE3HY A=
sum of squares (SSQE AR&slo] At&Hrt).

SAVCA Wi9] Alit dAbe oh23t 2 2E 271 5
S°| ANLMM-L9] Ao et AAEH 7] i<
A7t AAELL ol wEt QEX=CR HHEr
SAVCAE= AsHoR o] oAU 1S Ze
Division Rate 1 (DR1), Division Rate 2 (DR2),



Muskingum §4348 9% 471489 viet Fead guezol

paRe

]

(MR),
Compression Factor (CF) ¥ Astigmatic Rate (AR)
I 22 w7 HSES 7R At

DR1Z 7 §i£=9] Helo|A 2L siE Y (A
AR 71 S F shE A" EHEHTA
A7sl= vi7fsigeolnt. ¥HeF DR10OIA 22 o9 A
go] %= DR2°] ool o Wk 2 9 3o Ik
eallo] ZgErh. A 9 SX|eho] ofsf A=A
U AElEl siE MTF, CF % ARl o5 AlRAos 3t
S zA3}

MEE siE AF4de o]F ANLMM-LO]
HEH 249 AR A45ES A
AFE 9 §E7%0] AXE = 5 Y
(SSQ7H ALt =L s a7t 71&
7P b ofo] QA ET 20 H NEL SjE 7|E
Ao ZIAIZIA €t o, A2 9] Aty
et DRI % DR2E ZH3ITh o] Be 32 A3t

Modulation Transfer Function Rate

tu of

==

LTZ0| HHEAAIGIGTIA] v
(1/m)
(1 i) _( (1+H)x)
q_(1X)(K 1—x m @

o714, O Azt M2 |4F (m’/s)eli x=
Muskingum &5F80A|9] 75A|(H)olth. Sa= A
7 oM 2] AR (m’/s)ol2 K= Muskingum F55
Hoj| Aol AFF(He)oltt 121, mS Muskingum
T5FHo|A ujAdPZ/gel et W, = SRl o
g W W AIRE A9 7RSXE et /AT
(m/s)o1e}. 4] (1)olIA S0 Akt A|7kztzo] 1E
o2 4] (2)2F At
S =85+ [(1+B) [~ O]dt @

o714, S At t+10142] AFF (m’/s)eli S=
At oM 9] AR (mi/s)olct. p= SRl gt
e [ AZE o] 49] S4F (m/s)o] O At t
NS REF (m’/s)oltt. A AWHEYHE 2] (1)ollA4
9 W= 4] (3)°l <3l At=ch

W, =[04+(1—-0)]_,] 3)

o7, Wi ARt oAl 745312 Tetet R (m’/s)
o3 61 KUl e THEAIClEk. I AzE oA

31

FAF (m’/)0) L T2 AZE t-10149] G4 (m?/s)
oltt. ANLMM-Lol4lE NLMM-LIH= t24 WS 4
AR o A B ol d R, F A o)A f=F 2
Y #dF 5 A Y KRS 1Egh
ANLMM-LollA AX=E Wi o 4 (92 2t

W, = [(1_91_92)4+01[t—1+92472] 4)
o714, W Azt oA 7HEA1E 12t 3 (m’/s)
o|aL 4,2 A7t t-10149] Aol gk 7HEA] ol
0= AIZE =204 9] f-dgoll thigt 7HgR]olH L= Al
ZH oA 4 (m’/s)elct. T2 Azt t-10142] &
U (/)01 L2 AZE t-20149] 34 (m*/s)e]ck.

PA AFHAUE A= FotH ANLMM-L2 4]
D), 41 2 € 4 @DE F8sto] A= HFHOE 6
A9 B (K, x, m, 3, 6, 6,)& B3l A& ALt
Al "ct. 27] Muskingum 5582 AFEES 7|9
0 3}H ANLMM-LE Muskingum 355239 ¥y
olmz AFREG 7[Htoz A=t

LE Muskingum 855404 714 583 A2 7t
70l Hejoltt, toftt T4t & 2 Aol
283 Wilson ¥ Wang? I+ dHolgs of
Muskingum 853450 g ZL&= At F+ 714 &
FAZ o] 288 ANLMM-L9] Z+ H<=o] gt HelEs

—To =2

t}2-9] Table 13} Zt}

Table 1. Range of parameters in ANLMM-L

Parameters Wilson's flood data Wang's flood data
K 0.01 ~ 1.00 0.01 ~ 1.00
% -0.50 ~ 0.50 -1.50 ~ 1.50
m 1.00 ~ 3.00 1.00 ~ 3.00
1) -0.10 ~ 0.10 -3.00 ~ 3.00
0, 0.00 ~ 1.00 0.00 ~ 1.00
0, 0.00 ~ 1.00 0.00 ~ 1.00
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Table 2. Type of parameters in SAVCA

Parameters SAVCA
DR1 Self-adaptive
DR2 Self-adaptive
MR Fixed

CF Self-adaptive
AR Fixed
AF Fixed
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Table 3. Pseudo code of SAVCA

Objective function
Generate initial solutions\
While (t { Maximum number of iterations)

If (DR1 < rand)

Choose an current solution
Else generate new solution by randomization
End

If (DR2 < rand)

Generate new decision variables in positive direction
Else generate new decision variables in negative direction
End

If (MR ) rand)
Apply MTF
End

If (AR ) rand)
Apply astigmatism
End

If (new solution < current solution)
Replace new solution with current solution

End

Endwhile

SAVCAQ] A&7 Felsins b} &t
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Fig. 1. Process of application
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Fig. 2. Outflow results in Wilson’s flood data
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Table 4. Results for Wilson’s flood data

Time | Input | Output LMM-L NLMM-L | ANLMM-L
) | m/s) | @/ (m*/s) (m*/s) (m*/s)
0 22 22 22 22.00 22.00
6 23 21 22.1 21.71 21.57
12 35 21 21.7 22.02 21.67
18 71 26 22.6 26.08 25.47
24 103 34 30.7 33.51 34.56
30 111 44 44.7 42.83 43.69
36 109 55 58.1 55.44 54.57
42 100 66 68.9 606.67 66.00
48 86 75 76.1 75.77 75.51
54 71 82 79.2 82.12 82.15
60 59 85 78.5 84.78 85.04
66 47 84 75.6 83.42 83.99
72 39 80 70.7 79.44 79.61
78 32 73 65.1 72.48 72.60
84 28 64 59.1 64.08 63.77
90 24 54 53.4 54.58 54.28
96 22 44 47.9 45.22 44.78
102 21 36 43.1 36.34 36.23
108 20 30 38.9 29.21 29.44
114 19 25 35.4 24.21 24.62
120 19 22 323 20.96 21.38
126 18 19 299 19.41 19.81
SSQ - - 815.68 9.82 4.52
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Table 5. Results for Wang’s flood data

|E3A}. o LMM2 = 719] ¥ (K, )& 4= Time [ Input | Ouput [ LMM | NLMM-L | ANLMM-L
W theol WA 94 % HPRUAFE DAk —p BB R
E3th Fig. 32 #5 /4% (Outpun), LMM, 24 | 389 | 300 | 30519 | 29974 | 30078
NLMM-L l;g ANLMM-L-& zj_g.@_ gjq_g— u] _,17‘6].5&1:].. 36 462 382 382.00 382.57 381.47
48 | 505 | 444 44270 | 44276 | 443.19
60 | 525 | 490 48360 | 48216 | 48275
72 | 543 | 513 51300 | 50989 | 510.11
84 | 556 | 528 53429 53072 53066
™ _ 9 | 567 | 545 | 55044 | 54677 | 54661
2 o 3 e 108 | 577 | 553 563.53 559.96 559.75
3 H 120 | 583 564 573.16 569.94 569.78
e 51 132 | 587 573 580.02 577.07 576.93
el 144 | 505 [ 581 58732 584.39 584.19
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Y ' 180 | 589 | 592 592.02 590.33 590,34
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25 JU A U R S ‘Zf’m AR :; 1 288 320 368 372.34 375.05 375.16
Time (h) Time (n) 300 | 263 318 318.97 321.35 321.43
Fig. 3. Outflow results in Wang’s flood data 312 | 220 271 270.39 271.42 271.42
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