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Optimisation of Multi-Reservoir Multi-Objective Power
Generation Decision Making System for Different Climatic

Scenarios in River Basins

Student : Hao-Han Tsao Advisor : Dr. Yih-Guang Leu

Department of Electrical Engineering

National Taiwan Normal University

ABSTRACT

This thesis develops an optimisation system for multi-reservoir, multi-
objective power generation decision-making in river basins to address challenges
posed by extreme weather. For Taiwan's Dajia river basin, the system integrates
upstream inflow forecasting using a fuzzy neural network with meteorological
and historical data, quantifies forecast uncertainty via prediction intervals, and
models inter-reservoir runoff relationships to simulate operational coupling. In
addition, the system uses fuzzy logic and Multi-Criteria Decision Making
(MCDM) to dynamically adjust the decision weights, and proposes metrics for
evaluating generation efficiency and flood risk to design the multi-objective
optimized cost function. Finally, through a two-stage hourly multi-reservoir
optimisation framework, the system integrates forecasts and expert opinions to
enhance hydropower dispatch, reduce flood risk, and maintain generation during
extreme weather.

Keywords: multi-objective optimisation, inflow forecasting, multi-reservoir

power generation decision-making, multi-criteria decision-making (MCDM)
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Objective function :
max PICP

{min MPIB

Constrant conditions :
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{ 0 <MPIB
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Lower bound
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41 T EATH S R RO R

Training data

Testing data

Method MPIB

PICP CD

MPIB PICP D

Traditional Method 4.87 m/s
Proposed Method 477 m/s

95.20% 65.07%
96.07% 65.99%

4.62 m/s 90.88% 57.63%
458 m/s 92.00% 59.13%

Different weights

Whicp Wwmris Wee

2 0.005

6 0.005
Training data

MPIB PICP CD

3.00 m/s 84.77% 47.71%
417 m/s 92.47% 57.70%
Testing data

MPIB PICP CD
2.86 m/s 80.63% 44.75%
3.93 m/s 89.25% 54.13%
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Windspeed(m/s)

Windspeed(m/s)
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% 43 0 Weo $HIERI T B o 850 i

Different weights

Whicp Wwipis Wee

1 1 1

1 1 10
Training data

MPIB PICP CD

3.50 m/s 89.57% 55.90%
7.36 m/s 95.91% 79.97%
Testing data

MPIB PICP CD
3.61 m/s 87.63% 55.00%
6.83 m/s 92.75% 75.75%
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Windspeed(m/s)

Windspeed(m/s)
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Lower bound
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Windspeed(m/s)

Windspeed(m/s)

1 | —— Upper bound

Lower bound

+  Real output
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Different weights

Wopicp Wnpis Wec
2 4 0.1
2 3 0.1
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MPIB PICP CD
1.54 m/s 59.44% 27.67%
1.76 m/s 65.56% 32.26%

Testing data

MPIB PICP CD

1.53 m/s 57.13% 25.50%
1.76 m/s 62.88% 28.50%
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Training data Testing data
Method
ctho MPIB PICP CD MPIB PICP  CD

Traditional Method 2.18 kW 96.02% 39.47% 2.00 kW 95.75% 48.50%
Proposed Method 1.87 kW 97.00% 39.9% 196 kW 97.00% 49.00%
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Method Training data Testing data

MPIB PICP @D)] MPIB PICP CD

Traditional Method 4.16 m/s 98.58% 73.80% 434 m/s 98.38% 70.50%
Proposed Method 3.75m/s 97.76% 71.62% 3.84m/s 98.00% 68.87%
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Training data Testing data

Method MPIB PICP  CD MPIB PICP  CD

Traditional Method 4.19m/s 99.45% 7991% 4.25m/s 98.75% 77.00%
Proposed Method 373 mjs 99.24% 78.77% 3.80m/s 98.88% 77.12%
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%48 wmBELEF v B KRB RRE S R

Training data Testing data

Method MPIB  PICP  CD MPIB  PICP  CD

Traditional Method 4.28 m/s 99.56% 7991% 423 m/s 98.50% 76.38%
Proposed Method 410 m/s 99.24% 82.81% 393 m/s 99.00% 77.25%
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MPIB (m/s) 3.93 3.886 3.44
PICP 0.99 0.9862 0.9825

EER D 0.7725 0.7538 0.7500
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MPIB (m]s) 5.84 2225 3626
PICP 0.9850 0.9875 0.9813
cD 0.4437 0.7113 0.7087
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d = Zld(v,.j, v ) (5-20)
z

d- = id(vy, v;) (5-21)
=

He d' 27 %iB >80 EiE2 FFenjedp  d 27 % i B> 58 F 2

Bz FFeapedg > ¥ i=12,....m,c=2 °

2T Ok B3R E S BAPHBRITR CC 0 4ot (5-22)4 % o

CC, = 4 (5-22)
d’ +d,

BB B N CC > TR MR R LR P AT Rk
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FL(g!)={FL(g!). FL,(g")] (5-23)

FH(giA):{FHl(giA),FHZ(giA)} (5-24)

He FLACFH, & %W 47 3505 25 KR » R B TR R B chde ] Efrd £
B ok kSl T R PR E M IR RIERIR Y A e chlicdf 2 o
fwfg&ﬁﬂﬁﬁwﬁw%oﬁaﬁj%¢ﬁxﬁ§&%ﬂm%g%§
K fes RokF o FAFIR AR F A TG § { 4P A o FL, v FH,
A E R S bR ] el AR M RE B R PR o F kS
FENGNIRE o A RN - FEEASOFHIEY LA NS FERER
RLFT A RRA PRSI RFLAFERFELES BELEEEL
TR R F ok x Eedk] B0 H S B % 4oV (5-25) 0 o Rk £
PR R T B A A B R T 5N (5-26) w3t (5-27) o B BEE B S A S0

Bt k] @A W] %A 5 5 (5-28)r 74 (5-29) ¢

FC(g!')= {Fc g;*} (5-25)
FC (g')={FL (g). FH,(g})] (5-26)
FC,(g')= {FLz(g ,FH, gj‘} (5-27)
FC™ _)g?ea;i(Fc (x, )) i=12 (5-28)
FC™ = min (FC (x, )) i=12 (5-29)

ganfqﬁrﬁ@waﬁﬁjﬁﬁi&&ﬁﬁa@ﬁ&¢@oﬁw%,

e (5-30)41r 0 XA RS BEATERE o fFH S Ao (53D -

125



( Fc;nax . Fc;nin)
6

deltaj = (5-30)

(FC™ FCT™ FC™ +1-delta,) if 1=1
| G (1-2) delta, FCT + 51
! (l—l)-deltaj,F J‘.“i“+l-deltaj) Jf 1<l <7

(FCI™ +(1-2)-delta,,FC™ ,FC™) ,if | =7

B9 delta, 7 % j Bk SHeh SRR R FEBEAK R B P e

Rl BRI BERF R o £ & BFH IR fREE P B
LABEBET Ao (531477 o AT N(5-32) 0 W E MY B &eh

R EEE FOE R -

arg max (ul’ (FHj (gf))) Jif e=1

A= (5-32)
Y J 4 oA
arglgllﬁ)’g}(ul (FLj (gl. ))) Jf e=2
GY(5-32)7 gy L R- Bk 31§ &2 & 5-1 0 Criteria Grade i 7 4t

oo 2na BeFAFLLLEZAPRAFHIBERD ~ J B r,
BB NREEPEFEFE LB AT hE TG LA IR

2Ly B
S L
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W57  EOG #- e ff > dicr & W

5.2.6 CWG i

o BiEe B 2t L BAEE » » Mamdani 2 J - 8 i
FOHIL % B o v A R LR B fodeIm S 2 ﬁ\/@#ﬁﬁﬂ A AR
3o Mamdani = % Ayl ks Hok BB o i e g A
Menfe® F 600 3 Ep B gl pAE ﬁmfiﬂﬁﬁﬁﬁ—ﬁi

P o Ak < P » Mamdani = j# 4% % 3t fuzzy TOPSIS # g € S ficéiiE -

Ao B PR ETREREE EIA K 24 o) PR 0 i R AR
o5 ey o R R PR E B g 5 R B Bk

Bam A PrErME o AR KENTEREFERIEFRE E S
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BRGRAE TSR T ROE PN S Ak KRR K 24 ] BFenT o
R ARRIRIE PR KR BOK R EIRE AT R r TR E AR 0 2 IL%%JH%
T - TARR L N A R R SR G ARR o @ g R R A
S ASRE RAER 0 A XFMI*—&;?% e R AR p g RS IR
ey TR T LR AR o FY A v s B & 5 i Mamdani 08 F5%

FFE R @ F* 0 jE o

k2 LR E P E RO ALA] B Ao (5-33) 4

R®: if s, is A® and s, is A ..., is AY
f 1 2 b b (5_33)

then y is Y° and y,is Y, @=1,..,n

R 4D AR ORI Y B bR r AE AR B - BB 47(s,)

T R s, FIF R sl A) SRR YO AT T AR 0, 2T AR
e bAom g ~ RBD R o B TRARLRL T 2 3T st (5-34) AT T o

e (S17"‘9Sb):uAl® (51)/\”A§> (Sz)/\.../\uA;9 (sb) (5-34)

R U o # 9% O-th BT h% b ﬂﬁiﬁ?‘]% mﬁﬁ?%irﬂt % O-th 2P| T eh

fidh i % 4 7 43t (5-35) ¢

o (3,)= Y@(sp---,sb)wyv@ (5,)v=12 (5-35)

BF o BENG35)FE Darg RR 1S F158(5-36) -

u*(yv) = u;3 (yv)v u:vz (yv)v vu: (yv),v =1,2 (5-36)
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[ )y,

Z, =" v=12 (5-37)
[ )y,

b

fed R oK BB A (TIBAR S 0 1T KB AN B GF b S ik~ &
5} 4 Hc o %}*ff%plmﬁﬁ%mﬁvl*?* 52 ¢ o PP KRETRER Y
EARGE T REST FRTRT P P Mok g ok T D A
FRASE K E-F e RERH TR Ak 24 0]
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LR THE
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B kR PR R 3 (9.53x10°m’, 1.89%10°m’)
B KR
7 (OCMS,217.5CMS)
A k- % enT xR IER
BB R B TS 7 (0,1)
#E ok B TS 7 (0,1)

353 PR ELTS HERDL

Avginflow
Reservoir VS MS S M L N[L VL
capacity
L VS MS S M M L L
M VS MS L ML VL VL VL
H VS S IL, ML VL VL VL
%054 T orFEA TS HORRDE
Avginflow
Reservoir VS MS S M L ML VL
capacity
L VL VL VL VL ML L L
M VL VL ML L M S MS
H VL L S MS MS VS VS

BB HIEE €4 R F ~ fuzzy TOPSIS chsp i § ¢ » (F 4 f5 i &
Fwd B Adofic (BR)) chE BR o
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5.2.7 i KAinse

POREOERE - B2 B M R E TR AR 5]

e

e

RRFFNETBIEAR S8 7 » HP A NIRRT M» 11 8HF
" \EMOGA #2539 1 22 7% ¢ » B 5-8 ¢ CFO)* %47+ CF ficke
TS A S B B SFTOPSIS -2 R 3323 1 28 ¢4 ¥ » 2 ¢ EOG()

47 EOGH 2" 2 22 334 2 - CWGO4 7 CWG s ¢ -

Algorithm 1 Two-stage hourly multi-reservoir optimization system

1: function MAIN( )

2: river_inf[0] ¢ obtain_river_inf(0)

3: for lead_t = 0.1.... endtime do

4: Best_A[lead_t] < EMOGA (river_inf[lead_t])

5: Best _solution|lead_t] — FTOPSIS(Best_A lead_t],
river_inf[lead_t])

6i: river_inf[lead t+1] — UPDATE(Best solution[lead _t],
river_inf[lead_t])

T end for

8: end function

9: function EMOGA (river_inf)

10: k<0

1: Xk« 0

12: X_f:‘. + ini_randomy()

13: CF(XE, river_inf)

14: XE « edsave;,; (X%, X%)

15: for k =0....,20 do

16: Xk + create_ (X§, XK)

17: CF(XE, river_inf)

18: X5 o edsave(XE, XK)

19: XEFL  dsave(XE, XE)

20: end for

21: return Xﬁ“

22: end function

23: function FTOPSIS(Best_A, river_inf)

24: opmastic_e, pesmistic_e + EOG(Best_A, river_inf)

25: cost_function_weight + CWG(river_inf)

26: Best _solution - FuzzyTOPSIS(opmastic_e, pesmistic_e,
cost_function_weight)

27 return Best_solution

28: end function

B 5-8 A 4pd ok ECRE A RAD
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