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Student : Bo-Cheng Chen  Advisor: Dr. Liang-Cheng Chang
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National Chiao Tung University
Abstract

The conjunctive use of surface and subsurface water can integrate
water resources efficiently, it would gain more efficiency when using
water resources. However;the characters of surface water and subsurface
water are different,”and subsurface system often is_nonlinear, it causes
more difficult /' while" conjunctive use .of water was implemented.
Therefore, this study had attempted to.integrate a surface water allocation
model and a‘groundwater model by using:fuzzy inference system and to
regulate the water supply for both the surface and subsurface water.

The framework of this study can separate into two parts. The first
part applied fuzzy inference system to.allocate the demand of surface and
subsurface waterssystem. The second one is composed:of a surface water
allocation model and a groundwater model. Fhe surface water allocation
model is a linear programming model, and the subsurface model
simulates the hydraulic heads after pumping by using artificial neural
network (ANN).

Moreover, this study discussed the efficiency of the conjunctive use
of surface and subsurface water above. Also, it compared this model with

the simpler one which is operated with " surface supply first, then
subsurface supply ; . Compare with the ' surface supply first, then
subsurface supply ; operation strategy, the result shown that this model

can decrease the shortage index (S1) 26.23%. This study also affords the



more flexible and effective strategy for the conjunctive use of surface and
subsurface water. On the other hand, the computing time of this system is

1/760 times of the traditional optimization method.
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S i g HgE R G 0<n<1> PARATE RN P (TR LR

BN 2ZE e

gd g O 2 FEVRENT EE
() 4 &

Awy =n(T =Oy)-df (net, ) - H, (2.8)

RN 30

- 3 ."(t 1856 _
Aw; =11 ) df, et )-wy - df (net)-x, B (2.10)

(5)1 A4 EELE R &

Waew = Woia AW (2.12)

(6)31:-%.”53?23"55?6’ B Rdear THAFL IR BLAE
Red R -
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B oy ()5 "R R Sl v R T AEA AL DB O

()3 & MLk i £ O

O, = fy(net,) ° net, :ijwjk -b, k=123.0 .. 0u...........

=
30 7, Doy by 1 48 B A S 8 4 5 e o
PR E B SRR R E 2
AVRBEEC I P AR R K- s - R Y
FEMHFARTHEQERAFTETO)LFERT E S - AL =
W RZE > P e 2 ()2 2023 Ek (3)#8 2 HF 4
(4)Levenberg-Marquardt (LM)iZ o = FF$- B e U2 - PR R TR
2 - 10~100 & > A SnBeip TR AL ¢ > Levenberg-Marquardt /2 € 7 &
Benfoear ) PR E 5 M endd > 3L > Flgb o AP 7
Levenberg-Marquardt ;& & ;= o

YRES

Levenberg-Marquardt ;& & /2 7 & 3+ 5 2 35 ;% ¢ &1 Hessian 4B >



%A #cE TS o)V pF > Hessian 8L H # i iT = 7 5V

_qT
L (2.17)
#¢ J % Jacobian 4B > v & F RRFAHEEL Bk R E- 1
el e A pRFATE 0 TRAT
A 2 A 2
-2 (x-4) (1 ] |
TN MR B e (2.18)

Jacobian #& LS * Tl i® 1L P 773 B £ L Hessian & L4 s o
Levenberg-Marquardt ;i 5 /2 &% Hessian AE' 15 3T i # > W42 &2 on
#H Fee = do@@s 3.19)

HY Wt &% k x@tiangidce £(¢ 777 BEL L RiEE) I
» H mapd TR S dicle T Halierderm (33U 19) B 5] chdh A )

2HR TR H=Q PR BIRHE R F 707 Hessian 4B ch #E 2 o
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A 1965 & Zadeh % #2% % “Fuzzy Sets” #H =~ 18 » T M BT i
WHT> 0 TR F 0 PEHAD 55 F & (Fuzzy Sets) ~ #k M %
(Fuzzy relation) ~ -4 Lgéiﬁ(Fuzzy logic) ~ 4 35241 (Fuzzy control) % 32 345
2 AR BRI 0 AR RN R R B 5 T
o BAREL LD ABIES Nt VHEW & S BT /T&@fi
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fr 8 2 h#Fmﬁ&’fﬁP&A‘A)}}n—\' By PrRRARGDESL 7T * 01
T NS kAT

A={x|4£x£8,xeR},R -
HY x &7 AR &P ehn3% > 5 s Bic(characteristic function) % 3
P Aol 2.8 9o 0 B3tim a2 4 R & A (domain) ¢ gE B L F o ik
HApH 0 RN E L2 MR s 5 TG, ~ 322 T2, ~2 0 4

YT SIS VO

’Mﬂ:{LxGA

O,xeg A4

JJ i‘%%’jd? 0 foild B s X fpatiate= BlcFfode A2 Fabd %o
PR F el STA BAR RSF RS A g i o
Q) B & (fuzzy set)

ETBROEERG OB S AN A P e @ 8 A2 A
B Bk T4 JSJ’”'Q wdﬁbj}w&ﬁé’*@ig 7o %7
MG E EMEo BEF R OB R A R B L S K iE e

k& oo B A5 B A N IR 5 Bii(membership
function)k % 7 ~ B3R BE LA L) 0T iEE 0 F] 1 ¥ &k
Fit e I RE R R AR R S S .

255 9%k

$ RSB R R E LA AL 0 LB B ki E - AE
BEEAER S hdd d AEHHIBPRER S HER B AT

PR )R x AR AR R R AR xR F SRR PR
HEADONI2F 22~ B2 LB » B HF R4

X
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BT 1o F 2 ARRT 0 FIR V AEA S I BETHOR R EEFE T
YL A AT e SRS DT
ST Y E - T AR T 70, F L B pAem
.ﬁi%AQ%ﬂiﬁéh%hfiﬁﬁiﬁﬁiﬁ%Ewbéﬂiiﬁﬁ@
MpsfaE 2 TR 1L FERH I Rt a2 g g
Sl ¥ R eniTa A A e g Sl RIS FE
ETEOR TGSk 0 B E %ﬁg’@% O e AR
Boom f Lkl

u(x)=9 "

v_q Jor x<a

¢ —a for as<x<c
ux)=9 1 O - (2.21)
for ¢, <x<b

0 for x>b
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(33 & (4R 2.11)

Z(0, B,7) = 1= S(G0, By ) e (2.24)

3 E R
Wk B Lo AFE L B & (Union) ~ 2 & (Intersection) ~ 4 &
(Complement)% = 8> F#-AfrB TR i E L H P A AFE 4o

BB AUB o, =max(u, (X),4,(x) VxeU .ioiiiiiiiiiiiii.... (2.25)
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g4 p(x) =1=p1,(x) VXxeU iviiiiiiiiiiaainnnn. (2.27)
PRATRZEGRELEFENAINLFTE T w240 0 M

quijilk-mrﬁ‘% ﬁ’ﬁ_ﬁfam%;&m%\‘@_’go

3
@ 3

4.0-*7 2] ;% (a-Cut Methed)
SHNEFREEL B Sl AR RN LEFE

Beh2 iz fiar i@ et E) B Rs T N

T B FLSHOR F AR Ao e
A, Seeblu,mza)l aclO i LR (2.29)

2.2.2 B BE 1R
i B x‘*q*zui LR e oL PR Bl RO R & onfy it
o - BRI N gt o $r - L e pr AP Ol a2 e i 0 b
e TR E o e B AR R A - P A R
FUHGRM G AR RTRESRR ML ERAA RS N RE
TR AR WM GEY S af - BRERT B L LhheT
FF LR BUY - BB FEERFLD U DY - Bl
AR tae T i ® Af0l]H B E Sy, de it H o Sk

F230 HBPREAEE ¥ RT3 231 5 BR#H AT

ﬂ. —_
% 7T

ETINS

B UxV)ZEHUxV Sha g o @ ﬂR(UxV)%Rﬁ’JEﬁ?/i‘;,’&.ﬁt’ e
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U xV) >3 R f2 R o

fe SUXV —=[00] oo (2.30)
=) g v )@)€ u,v) (2.31)
BRXY s F#me 2P EEALEBA S
A={xu,()rex} 2 B={u0)yel} i (2.32)
PEEND XTI YoM AR HERgET L7 5
R=dAxB={{(v,y) ooy m)eXa Y} oo, (2.33)

Lot EE o gd 3F 5 F % SdB F% fE S ;F'T"’_’ | 23T 0
LI NG S ST R B S F 5 A - AT
o T
Bt yz_”;(x,y)zmin Luz(x),,ug(y)J ............................ (2.34)
e QEI ,ug_)g(x,y):yz(x),ug(y) ...................................... (2.35)

2 F B % B (product spaces)Bf % 2 0% iR’ XZ E_pF Y € AL T
0 blde D F e vy R RGRA T R AL R A SRR R g
o AFZF AN CER-ERT OMGELE BN EH IR IR F D
Wk Bl (2 > ¥ 1536 & 38 5 (Composition)#-gh pt 3 & - 42 0 & 2 370
PR R0 2 M s 2 o H P mZadehZ B+ &) & = (Max-Min
compostion);# P& ¥ @& * » T HxACT !

KR ) feS(rz) s At A B R EH T LT afih i 50 27

(x,y)e XxY & (y,z)e¥YxZ o Rl R 4w S #Max-Min & SR NN L
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223 #B4E
B EBEY > AP R 04 ] A AlcEs EE E DD B #N R
ROk enE 2] | ESR SR A 0 e D B % a(@most) ~ (% % eh(many) &
%0 A Bk BRI e b 1 AR S R A AR AR > 3 1T
013 BdHcie » &k BF* 040l BMeniE R @ic® Rfgat § 2 enE Bfe
Boo i BiEfr. B BE- R pEE R E N AT Y
(AND) :-aAb=min(a,b)
(OR)  “@vb=max(a,h) oot it b (2.38)
(NOT) gkt o N NN~ ~. ... . ........... (2.39)
H P SHabi i@t ab]” i g #kF o
“AND” 47 Hp B @dr 2 “2 4" o Al pod2 85 5 B
] (min)” s i A7

“OR’7 Z‘\ /‘ ’}'iﬁ‘g: é\' iﬁ—%—‘; ¢ 2z “E&;%” s ;}i\ ﬁ‘%:j?%&'gi—iﬁg

?,)1’{
F

* (max)” @i v e

224 ok dash ki B
e %&%%i%”‘ﬁﬁﬁﬁﬂ%’ﬁ%aﬁ&%ﬁ&
AR SR BEEERE S ] 4 e b B 2,14 5 KR
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T K Jf%:_]?g] 7 H @ 450k 1 (fuzzification) /i &~ i LR (fuzzy
rule) & ~ 7L B (knowledge base) ~ #&# 7| & (inference engine) % f% f s i
mﬁmmmﬁﬁ’ﬂiﬂﬁwéﬁﬁ%m BimI o gd E 2 R
B1S W T R PR iy~ GO 1Y SAIL ) DR Lk Se(Fuzzy
Inference System, FIS)® e 7] - £ 5 d fa3m 51 & T8 (733 3L >
P D g D GE T RS Y o Bl fRADR 1 b T 22 % ek
TR RO L ST g~ B 0 R 0pt SR Tk (mapping)
B ik R 2 Ad 2 JRTHEN 55 )543 R e p de = > 01T 4 5
(RS R CECR PR Ty -

158 2P|

o AR E wir AN E A HAAlEd — % [F-THEN ik 2 4
W 3F 9 R T B E s Rl RSl 2 B el o IF £
o AR RN 0 R B B UTIE BRE o1 A 2 BT E ik (304 THEN # 5 5
WA H kR IR E0E B o Her TR 195 e L 5N

Fig oy~ oy VRS o I R R ERERETE SRl
MR AP R T ;ﬁgi L pIed E R a2 S5 TR RS 5
FR2E U AR RNEFENN G =M
(1) % ﬁ%l ¥ ﬁi%l It F2 4 % Fe(multi-input single-output, MISO)

ABH AR E S 5 S TR B D gy gy (multi-input
multi-output, MIMO) = % st b o

Ry:IF X 1s A; and Y 1s B,y THEN Z 1s C,

R2 CIF X 1s A21 and Y 1S B21 THEN Z is C2
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Ry:IF X 1s Ay and Y 1s By THEN Z i1is Ci
-ﬁ“’X‘Yﬁﬁ%”%ﬁi’Z{ﬁ]ﬂ%&Akl‘ By & % k BEARR W 30
ﬁ;f] > R BE S B HIE 0 C 5 % KIERP] D F IR ﬁa?l N HcaRE T R
(2)p F3= 3 ks

P AEAS N E 4 Yasunobu % A & FERID T2 A kg (T
HER SRS RS IENIES LTS ER e AR et S
T o g R FE R At x 2 A2 gty & B RldRdldR 4 Z
ﬁﬁéﬁ 7 Cxigdir > HEFA0 5T !

Ryt IF(Z is,"Ce=>(and X is Ay and Yis By)) THEN Z is Cy
(3) by 3

&_d Sugeno ¥ 2 #H ﬁﬁg?] {3@?1 NEP&R M B ZEAR S B o

Ry ' IF oX 'is Ay and Y 1s.0By THEN Zwmis F(X)Y)

2.FHE
o A J0 o 4 2 B P TR R B B £ 2 T R
* oy i Sl PO S 0 R 0t o F RSR A RBCTP i - P S
AR EFLERRRS O TERIHER T ) LA e 3
gﬁl/\%gx A~ ﬁ%x;ﬁ*&%}%«’,yu;%ﬁgsﬁim—f T 2R So#ik
T T AR B A LR AFRE RIES 0 B R KL RETR Y oD
RRTRGE Y R o R T AR BB N R R i M 27
FROoFPUENgAZ R ORI 2 BEEF Y EH B IR
Boo kv g o} 2 &8 S dic(riangular MF) 072 B 5 e
(trapezoidal MF) ~ 48 7] 2 & & #ic(bell MF) ~ & #7244 & & #i(Guassian MF)

A4
= o
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HpemE 27 RBEPERT HEPANE 72 RMNEEd - &
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AT EE S R E S 7o PR LR a0 T A
EALES
(1)Mamdani 7 Min-Min-Max -k 42 # /2

PU A F A AR B SR A 3N B R (W) AL BB R
E(min 38 ) LR MBERELEHNG TRIERFTE R ERIEE
Wt f B P A2 (T B9 E BRI LGEd CELSE” w4
R ts R G R R L B (max EE)IEA BN E o HR Y A

4o
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(a) W, = min mxax[min(Ah. LA )l mxax[min(AZi A, )] .......................... (2.40)

B QiR HES A \Azjf;\ﬂi%]% (2

b)fgminrHHERE

By =min(W,, g1, (Y)) wooeiiiiiiiii (2.41)
(C)#% 4P|zt &

B=MAXB, oooiiiittiiee (2.42)

5B R e P

(3)Tsukamoto #4872
P T ARSI - BE A LR S B (b4e S SB)im E
FERHmE o Adam P T RR R BN HEY min EE T NERE
R AR R RPR ST BRIV s s (T W e o H#

ﬂ
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[CG)ydy
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[cay
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n

D vu(y,)
e = ) (2.48)

n

Zu(yi)

v UHRE S AR LRBDE o uly) LEBE 2 HBR

(2)# ~ 518 ;* (Mean of maximun )

PG AR R B R B RRY > L RAMEA
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