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~ THIET LAP MO HINH MANG NO-RON NHAN TAO (ANN)
TINH TOAN PQ SAU SAU NUGC NHAY TRONG KENH LANG TRU
MAT CAT CHU NHAT

Ho Viét Hung
Truwong Dai hoc Thuy loi

Tém tit: Hién twong nudc nhay xay ra khi dong chay bién doi tir trang thdi chay xiét voi vin toc lon
sang trang thdi chdy ém véi vin toc nhé. PJ sau sau nwde nhay la mot dic trung quan trong, can dirge
xdc dinh dé tir @6 tinh todn chiéu dai khu xody ciia nude nhdy va kich thude bé tiéu nang hay kénh dan
niede. Khi bé qua lwee ma sat, ¢6 thé xdc dinh dwoc ty sé hai do sdu lién hiép ciia mede nhay theo cong
thire Belanger cho kénh ling tru ddy bang, mdt cdt chit nhat. Tuy nhién, trong thyc té ¢6 hec ma sat, do
sdu sau nude nhay sé c6 tri s6 nhé hon so véi tinh todn theo cong thirc Belanger. Vi vdy, bai bao nay
trinh bay viéc thiét ldp mot mé hinh mang no-ron nhan tao (ANN) dé tinh todn ty s6 do sdu lién hiép ciia
nieée nhay. Mé hinh nay c6 xét dén tinh nham ciia bé mdt long dan va tinh nhét cia chdt long. Mo hinh
ANN ma téc gia dé xudt cho két qud tinh todn c6 dg chinh xdc rdt cao, hé sé R*dat sdp si 1 trong cd hai
lan kiém dinh. Pham vi tmg dung mé hinh khd réng, do dé cé thé dp dung mé hinh nay vdo thuec té tinh
todn dg sdu sau nude nhdy trong kénh lang tru ddy bang ¢ mdt cdt chir nhdt.

Tw khéa: Nwoc nhay, kénh lang tru, ANN, do sau lién hiép, do sau nuoc nhay

Summary: The hydraulic jump is the result of an abrupt reduction in flow velocity, converting a
high-velocity supercritical flow into a low-velocity subcritical flow. The sequent depth of the
hydraulic jJump is an important characteristic that needs to be determined to calculate the vortex
length of the hydraulic jump and the size of the stilling basin or water canal. Neglecting the
frictional force, the ratio of conjugate depths of the hydraulic jump can be determined according
to the Belanger formula for a horizontal rectangular prismatic channel. However, when the
friction force is present in practice, the sequent depth will have a smaller value than that calculated
by the Belanger formula. Therefore, this paper presents the development of an artificial neural
network (ANN) model to calculate the conjugate depth ratio of the hydraulic jump. This model
considers the surface roughness of the channel and the fluid viscosity. The proposed ANN model
has very high accuracy calculation results; the coefficient R? is approximately 1 in the validating
and testing phases. The application scope of this model is quite large, so it can be applied in
practice to calculate the sequent depth of the jump in a horizontal prismatic channel with a
rectangular cross-section.

Key words: Hydraulic jump, prismatic channel, ANN, conjugate depths, sequent depth.

1. TONG QUAN NQI DUNG NGHIEN CUU  néi tiép voi doc nude. Cac dic trung hinh hoc
ciia nuGe nhday gém co: do sdu trude va sau
nuéc nhay, d6 sau cudi khu xody cudn, chiéu
dai khu xody va chiéu dai nu6e nhay. Do siu
sau nude nhay 1a mot dic trung quan trong, can
dugc x4c dinh dé tir d6 tinh toan chiéu dai khu

Hién tugng nudc nhay thuong xay ra sau dap
tran va ctra cong, khi dong chay chuyén tir trang
thai chay xiét véi van tdc 10n sang trang thai
chay ém véi van toc nho. Ngoai ra, nude nhay
con xuit hién trong doan kénh c6 do dbc nho
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[ KHOAHOC
x04y cua nude nhay va kich thude bé tiéu ning
hay kénh dan nudc. Ung dung Phuong trinh
dong luong, khi bé qua lyc ma sat, cod thé xac
dinh duoc ty s6 hai do sau lién hiép cua nude
nhdy (xem Hinh 1). Belanger (1828) da xay
dung cong thure tinh dd sau sau nudc nhay trong
kénh lang tru day béng, mit cit chir nhat, khi
biét s6 Froude va do sau trude nude nhay [2].
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Trong do6: hiva hy — cac d6 sau trudc va sau
nudc nhay; Fri — s6 Froude trude nude nhay; Vi
— van tde trung binh tai mat cit trudc nude
nhay; g — gia toc trong truong.
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Hinh 1: Cadc dé sdu nudc nhay,
mé phong theo Hager [4]

Ngoai ra, Peterka (1984) [7], Bretz (1987) [3],
Hager (1989) [4] da tién hanh cac thi nghiém
trén mo hinh vat 1y dé do dac cac do sau lién hiép
cta nudc nhay va chiéu dai khu xoay. Hager da
xay dung cac do thi dé tra ty s6 d6 sau lién hiép
cta nudc nhay khi xét dén anh huéng caa tinh
nhét (s6 Reynolds) va do sau twong dbi trudc
nude nhay ha/b [4]. Két qua nghién ciu cua
Hager cho thay, trong thuc té khi sb Fry tuong
dbi lon va do sau hy nho, do sau sau nuéc nhay
hy s& ¢6 tri s6 nhod hon so véi tinh toan theo cong
thirc (1). Viéc nay dat ra van dé 1a: can thiét 1ap
mdt md hinh toan dé tinh d6 sau sau nudc nhay
Mot cach chinh xac hon.

Trong nhimg nim gan day, cac moé hinh Mang

no-ron nhan tao (Artificial Neural Network -
ANN) va cac thuat toan hoc may (Machine
Learning — ML) da dugc (ng dung trong viéc
tinh todn cac yéu té thuy luc caa dong chay.
Asaad Y. Shamseldin (2010) [1] da str dung mo
hinh ANN dé du bao luu luong dong chay séng
Nile xanh ¢ Sudan. Naseri va Othman (2012) da
xay dung cac mdé hinh ANN trong MATLAB
2007 dé tinh toan chiéu dai nudc nhay trong
kénh lang try day bang c6 mit cit ngang hinh
chit nhat, mé hinh toan dugc hiéu chinh va kiém
dinh bang 109 bo sb liéu thuc do trén mo hinh
vt Iy [6]. Dir lieu dau vao mo hinh la: s6 Fry, ty
s6 ho/hy, luu lugng don vi q = Q/b. Két qua dy
bao tét nhat c6 hé sé6 R? = 0,996 [6]. Sauida
(2016) ciing da st dung md hinh mang ANN dé
tinh toan chiéu dai nuéc nhay ngap sau cong
trinh diéu tiét cd 5 ctra chit nhat dugc mo phong
trong phong thi nghiém. Tong cong 1216 thi
nghiém di duoc tién hanh dé thu thap di liu
cho mé hinh ANN. Lép dau vao (Input layer)
gom 9 no-ron 1a 9 dit liéu can nhap vao mé hinh,
l6p dau ra (Output layer) c6 1 no-ron la ty sé
chiéu dai nudc nhay voi d6 sau hy (Ljfhy). Két
qua tinh toan c6 hé sé6 R? = 0,8855 la cao nhat
[8].

Mac du vay, chua c¢6 nghién ctru nao sir dung mé
hinh ANN d¢é tinh toan d6 séu sau nuéc nhay. Do
do, trong bai bao nay, tac gia s€ trinh bay viéc
thiét 1ap mot mé hinh toan dwa trén mang ANN
dé tinh toén ty s6 do sau lién hiép ciia nudc nhay
Y = ho/hy, &p dung cho kénh lang try day bang c6
mit cat ngang hinh chit nhat.

2. DU LIEU VA PHUONG PHAP NGHIEN
cuu

2.1. Céc dir liéu can thiét cho mé hinh

Trong nghién ctru nay, thu vién phan mém ma
ngudn mé Keras, cac thu vién Numpy, Pandas,
cung vai ngdn ngt 1ap trinh Python 3.6 da duoc
st dung dé chay céc thuat toan hoc may (ML)
va thiét 1ap 2 mo hinh ANN tinh ty s6 do sau
lién hi¢p cua nudc nhay.

Céc dir liéu dung dé hiéu chinh va kiém dinh
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cac mo hinh ANN duogc thu thap tor 2 nghién
ctu cua Hager va nnk (1989, 1990) [4], [5].
Trong céac nghién cuu cia minh, Hager va nnk
da tién hanh 4 chudi thi nghiém trong mang chi
nhat day bang c6 chiéu rong 500 mm va 98 mm.
D4y mé hinh va tuong bén trai 1am bang nhuwa
PVC, tudng bén phai 1am bang kinh dé tién
quan sat nuéc nhay. Do d6 d6 nham tuyét ddi
cta md hinh dugc chon la e = 0,005 mm [4].
Céc thi nghiém dugc thuc hién ¢ nhiét do tur 16
— 18 °C, hé s6 nhét dong hoc cua nudc la v =
1,1%10® m?s [5]. S&6 Reynolds Re; va sb
Reynold hiéu chinh Re;” tai mat cat trude nudc
nhay dugc tinh theo céng thac (3) va (4).

[ kHoAHOC  JESITNVTiTN
Théng sb thay luc cua cac chudi thi nghiém
dugc théng ké trong Bang 1 duéi day. Téng
cong 144 bo sb liéu thi nghiém da duoc st dung
trong bai bao nay. Céac dit liéu nay duoc chia
lam 2 phan dé phuc vu mé hinh ANN, phan thir
nhat gom 96 bo dir liéu nham muc dich hiéu
chinh mé hinh (training), phan tht hai gdom 48
bo dit liéu (1/3 sb liéu) dé kiém dinh mé hinh
(validating). Ngoai ra, md hinh ANN con tiép tuc
duoc kiém dinh doc Iap (test) bang mot bo sé lidu
khac, d6 1a két qua thi nghiém cua Bretz (1987).
Chudi dir liéu nay gom 18 bo s liéu do Bretz
thuc hién cac thi nghiém trong méng chir nhat
day bang c6 chiéu rong 500 mm [3]. Bo s6 lieu
nay da duoc Bretz cong bé trong nghién ciu cua

Re, = iRy (©) minh.
v
Re; =14 @
v
Bing 1: Céc thong s6 co bin ciia cac thi nghi¢m
Chuoi thi hu/b (e/hy).10° Fri Rer10® | Re*.10%
nghiém
0.012 0.833 6.56-15.31 0.35-0.71 0.09-0.18
1 0.019 0.526 5.24-11.83 0.57-1.11 0.15-0.29
0.03 0.333 4.70-8.60 0.95-1.69 0.25-0.45
b1=500mm 0.038 0.263 3.26-7.87 0.87-2.14 0.25-0.57
0.057 0.175 3.33-5.88 1.61-2.90 0.45-0.81
0.078 0.128 3.34-4.36 2.50-3.29 0.72-0.95
0.1 0.510 3.39-10.87 0.30-1.10 0.09-0.33
0.12 0.425 4.80-8.98 0.58-1.17 0.18-0.37
) 0.19 0.269 4.01-8.26 0.81-1.81 0.28-0.63
0.26 0.196 4.73-6.92 1.41-2.11 0.53-0.80
_ 0.36 0.142 3.49-5.83 1.49-2.53 0.64-1.09
b2=98mm
0.39 0.131 3.60-5.55 1.69-2.67 0.74-1.18
0.55 0.093 2.69-4.56 1.78-3.13 0.92-1.64
0.65 0.078 2.45-4.15 1.94-3.43 1.10-2.00
3 0.055-0.068 0.182-0.147 3.96-11.12 1.87-7.04 0.52-1.99
b3=500mm 0.098-0.109 0.102-0.092 2.26-8.56 2.32-10.27 0.69-3.12
0.01 1.0 4.33-15.96 0.19-0.54 0.05-0.14
4 0.021 0.476 2.88-11.37 0.34-1.21 0.09-0.31
_ 0.024 0.417 2.94-9.91 0.44-1.34 0.12-0.35
b4=500mm
0.048 0.208 3.06-6.71 1.15-2.53 0.32-0.69
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Chui thi ha/b (e/h1).10° Fry Rer10° | Rer*.10°
nghiém
0.072 0.139 238538 | 175363 | 0.50-1.04

2.2. Ap dung phwong trinh dng lwong va ly
thuyét Pi ciia Buckingham xac dinh cac ham
I

Phuong trinh dong luong 4p dung cho doan
dong chay 1-2 trong pham vi nudc nhay (Hinh
1) ¢6 dang (5), v6i kénh chit nhat day bang, truc
X dugc chon ndm ngang hudng theo chiéu dong
chay.

Z Fx = Fl - Fz - Fms = PQ(Vz _Vl)

1 1 —
2 gt~ pgbh? —7,PL= AV (2, V)

2

(5)

Trong d6: F1 va F2 — ap luc thuy dong tac dung
vao cac mat cat 1 va 2; Fms — luc ma sat cua
thanh rin tac dung vao doan dong chay 1-2; V2
- van tbc trung binh tai mat cit sau nude nhay;
Q — luu luong dong chay; b — chiéu rong 1ong
dan chir nhat; p — khéi luong riéng cua chat
long; L — chiéu dai nuéc nhay; P - chu vi uét
trung binh cta doan 1-2; r_o - ing sudt tiép trung
binh tai bé mat long dan.

Theo Hager (1990) [5], chiéu dai nudc nhay
phu thudc vao s6 Fr1 va d6 sau hy nén c6 thé viét
dudi dang ham sé nhu sau: L= L(V,,h,9).
Chu vi u6t trung binh phu thude vao cac do sau
hi, hz va chiéu rong b, do d6: P =P(h;,h,,b).
Ung suit tiép trung binh tai bé mat 1ong dan phu
thudc ban kinh thuy luc Rn va cac yéu té khac
nhu p, u, e, Vi, V2, ap dung phuong trinh lién
tuc s€ thu duoc (6).

7, =F(b,h, 0.V, p, 11.€) (6)

Trong d6: i — hé sb nhot cia chit 1ong, 1 = vp;

e — do nham tuyét ddi cua long dan. Nhu vay,
d6 sdu sau nudc nhay 1a ham sb cua nhiéu yéu
t6 dugc thé hién trong phuong trinh (7).
h, = f(h.V.,b, p, 11,€,9) (7)
Trong (7) c6 8 bién s va chira du 3 thir nguyén

co ban M, L, T. Do vay, theo 1y thuyét Pi s& c6
5ham IT: T1, = ®(I1,,11,,11,,T1,) . Két qua tinh

toan theo 1y thuyét Pi cho 5 ham II nhu trong

Béang 2.

Bang 2: Cac ham I1

=Y |1l |3 |14 |IIs
Cacham I1 | ho/hy | Fry | Re; | e/hy | hu/b

Do do, ty s6 hai d0 siu cua nudc nhay duoc biéu
thi bang phuong trinh (8).

Y =ﬁ=q>[Fr1,Re’;,3,ﬁJ
hy h Db

2.3. Mang no-ron nhan tao (ANN)

(8)

Tac gia bai bao nay chon 2 mo6 hinh mang ANN
¢6 sb 16p an khac nhau, mang 1 c¢6 1 16p an,
mang 2 ¢6 2 16p an dé so sanh va nhéan xét. S6
no-ron trong lép dau vao (Input layer) bing 4
chinh 1a cac ham II, ITs, I, IIs can nhap vao
md hinh, 16p dau ra (Output layer) c6 1 no-ron
la ham IT1. S6 no-ron trong mdi 16p an (Hidden
layer) s& dugc chon bang cach thir dan, bit dau
tir 4 cho dén 8. Céc thong sb khac cia mé hinh
dugc tom tit dudi day. Hinh 2 mo ta cau trac
cta mot ANN.

- S6 lwong no-ron trong mdi 16p 4n: 4 hodc 8

- Ham kich hoat (Activation function): Sigmoid
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hoac ReLU

- Hé s6 hoc (Learning rate): 0,001

- B6 t6i wu hoa (Optimizer): Adam

- Ham méat mat (Loss function): MSE
- S6 1an lap t6i da (Epoch): 10000

- Céac k¥ thuat dugc su dung: Early Stopping,
Regularizer.

Lop an

Lap vao

Lop ra

Hinh 2: So do6 cdu triic mang ANN
véi 1 16p an

2.4. Phwrong phap danh gis sai s6

Dé danh gid sai s6 ciia két qua tinh toan, tac gia
sir dung Sai s6 binh phuong trung binh (MSE),
Sai s6 cin quan phuong (RMSE), Sai s tuyét
d6i trung binh (MAE) va hé s tat dinh (R?)
dugc tinh todn theo cac cong thirc dudi day. Mo
hinh toan cho két qua c6 do chinh xac cao khi
tri s6 R? gan bang 1 va cac sai s6 nho.

MSE:lZn:(Pi—Oi)Z 9)

i=1

RMSE = /%i(e -0,) (10)
MAE:limR—qD (11)

i=1

| KHOAHOC

(of0] [e] \[e]3]2

n

>.(0-R)

R?=1--1

S(0-0)

i=1

(12)

Trong d6: Oi, O va Pj 1an luot 14 tri s6 thuc do,
tri s6 thue do trung binh va tri s6 tinh toan tuong
ung thir i; n 1a s6 1an tinh.

3. KET QUA NGHIEN CUU

3.1. Panh gia 4nh hwéng cia cac ham Pi
dén ty s6 dd sAu nuwée nhay

Pé danh gia muc d6 anh huong (Feature
Importance) cta cac yéu td thuy luc dén ty sd
Y, tac gid bai bdo nay da su dung 2 thuat todn
hoc may 1a Cay quyét dinh (Decision Tree) va
Rirng ngau nhién (Random Forest). Ngon ngit
1ap trinh Python 3.6 va thu vién Sklearn,
matplotlib da dugc st dung dé tinh toan va vé
biéu d6. Két qua tinh toan trong Bang 3 cho thay
rang, ca hai thuat toan déu phan anh chung 1 xu
thé, d6 1a: s6 Fri anh hudng nhiéu nhat va manh
nhit dén ty s6 Y, tiép theo 1a d6 nham twong
dbi, s6 Rer anh hudng it nhat (xem Hinh 3).
Diéu nay ciing hop 1y vi khi dong chay c6 van
tdc 10n (khu thanh nham thuy lyc), anh hudng
cta tinh nham bé mat 1én hon tinh nhét cua chat
long. Tuy nhién day la dong chdy trong long
dan hé nén anh hudng cia trong luc 16n hon so
v6i luc ma sat. Két qua danh gia nay duogc su
dung dé sip xép thir ty cac ham Pi trong md
hinh ANN, gitp cho két qua tinh toan chinh xac
hon.

Béang 3: Mirc d 4nh hwdng cia cac ham Pi
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Thuat R ’ o . n
o Cay quyét dinh (Decision Tree) Rirng ngau nhién (Random Forest)
oan
Cac bién N 3
h1/b e/h1 Rel Frq h1/b e/h1 Rel Frq
doclap
Mirc do
anh 0.0001 0.0052 0.0043
0.00038 | 0.00010 | 0.9994 0.00775 0.9826
hudng 1 5 9
(diém)
Thi tu
anh 3 2 4 1 3 2 4 1
hudng
10 4 10 1
0.8 - 0.8 1
0.6 1 06 4
04 0.4
021 0.2 4
00 T T T T T T 00 T T T T T T
-0.5 0.0 05 14a 15 20 25 30 35 -0.5 0.0

05 10 15 20 25 30 i5

Hinh 3: Mirc dg anh hwéng ciia cdc ham Pi dén ty sé6 Y (0: halb; 1: e/hy; 2: Rer™; 3: Fry)

Cay quyét dinh bén trdi, Rirng ngdu nhién bén phdi

3.2. Két qua kiém dinh mo hinh ANN

Mo hinh ANN d3 duoc kiém dinh bang phan dit
lidu thir hai gdm 48 bo s6 lidu thuc do. Két qua
kiém dinh duoc thong ké trong Bang 4 cho thay,
két qua tinh toan c6 do chinh xac rét cao, trj sd
R?sap si bang 1. M6 hinh ANN véi 2 16p an cho
két qua c6 do chinh xac cao hon khong déng ké
s0 voi mo hinh 1 16p an. Ham kich hoat ReLU

phu hgp hon cho md hinh nay so v&i ham
Sigmoid. M6 hinh 2 16p 4n mét nhiéu thoi gian
chay hon so v&i mé hinh 1 16p an, sb lan lip
hon gép d6i, khi két qua tinh toan dat gia trj tot
nhat mé hinh s& tu dong dimg tinh toan. 8 no-
ron trong mdi 16p an cho két qua tot hon 4 no-
ron, diéu nay co thé giai thich vi 16p vao di co
4 no-ron.

Bang 4: Két qua kiém dinh mé hinh

Mo hinh | Ham Sé Sé no-ron ox s
. . X1 s So lan lap )
tinh kich l6p trong moi l6p (Epoch) MSE | RMSE | MAE R
ha/h1 hoat an an P
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[ KHOAHOC CONG NGHE |
ANN-2L RelLU 2 8 2613 0.011 | 0.104 | 0.085 | 0.9994
ANN-1L RelLU 1 8 1288 0.013 | 0.115 | 0.088 | 0.9993
Ty |& 2 dd sau nudc nhay Ty I& 2 d@ sau nudc nhay
20.0 # h2/hl 30 ® h2/hl
175 // pH
15.0
20
o125 &
E 10.0 é B
= E
[ 10
5.0 5
25 0
0.0 0 5 10 15 20 = 30

woe 125 150 175

Thure do

0.0 25 50 75

200

Thuc do

Hinh 4: Két qua kiém dinh, so sanh thwc do va tinh todn, Mé hinh 2L bén trdi, 1L bén phdi

Hinh 4 cho thdy, cac két qua tinh toan rat phu
hop véi s6 liéu thuc do, gén nhu khong c6 khac
biét gitra md hinh 1 16p 4n véi 2 16p an. Cac mod
hinh chon ngﬁu nhién 48 bo sb liéu dé tinh toan
va so sanh véi thuc do nén 2 d6 thi trén Hinh 4
c6 khac nhau vé tri s cua Y. Nhu vay cac mo
hinh ANN da dugc kiém dinh va c6 thé sir dung
dé tinh toan gia tri cia ty s6 Y.

3.3. Két qua thir nghiém (test) cac md hinh ANN
Céc mo hinh ANN ké trén tiép tuc duge kiém

dinh doc 1ap mot 1an nira (test). Bo sb liéu gdbm
18 gia trj ty s6 Y chwa dugc ding dé hiéu chinh
va kiém dinh mé hinh trong muc 3.2 s& duoc sir
dung & day. Do sau hi1 nhd nhét 13 23 mm, 16n
nhat 14 119 mm. S6 Fri trong khoang tir 3,3 dén
7,8 1a cac sb Fri phd bién trong thyc té. Két qua
test dugc thong ké trong Bang 5. Sai s6 tuong
d6i ctia md hinh 2 16p 4n thap hon so véi mo
hinh 1 16p an, céc sai s6 déu nho hon 4%. Sai
s nho nhat 1a cia md hinh 2 16p an, chi c6
0,07%.

Biang 5: Két qua test 2 md hinh ANN

Tinh theo ANN Tinh theo ANN
Gia tri thue do 2 160 & 1160 &
an an

TT P op
h1 h2 hz o, hz o,
Fri ho/hy ho/hy Sai sO ha/h1 Sai sO

mm mm mm mm
1 5.23 53 360 6.79 6.68 354 1.69% 6.63 352 2.33%
2 6.26 33 275 8.33 8.10 267 2.79% 8.10 267 2.80%
3 3.92 103 525 5.15 5.09 524 0.20% 4,99 514 2.12%
4 7.23 23 220 9.56 9.37 215 2.09% 9.29 214 2.93%
5 7.82 18 187 | 10.39 | 10.14 | 183 2.37% 10.07 181 3.08%
6 3.31 145 605 417 421 611 | -0.95% 4,22 612 | -1.14%
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7 4.56 67.4 400 5.93 5.85 394 1.39% 5.75 387 3.18%
8 5.26 61.3 423 6.9 6.75 414 2.15% 6.67 409 3.35%
9 5.67 50.3 378 7.52 71.24 364 3.62% 7.31 368 2.73%
10 | 4.94 55.1 357 6.48 6.31 347 2.67% 6.25 344 3.52%
11 | 5.27 455 317 6.97 6.71 305 3.65% 6.69 304 3.98%
12 | 6.22 40.7 336 8.25 7.95 324 3.65% 7.94 323 3.81%
13 | 6.14 33.9 278 8.2 7.95 269 3.12% 7.94 269 3.15%
14 55 36.5 265 1.27 7.01 256 3.45% 7.18 262 1.11%
15 | 4.43 76.6 438 572 571 438 0.07% 5.57 427 2.57%
16 | 5.01 70.5 463 6.57 6.46 456 1.62% 6.34 447 3.51%
17 | 4.15 98.3 512 5.21 5.37 528 | -3.12% 5.19 511 0.28%
18 | 3.91 | 1185 579 4.89 4.93 584 | -0.90% 4.87 577 0.29%
KIEM NGHIEM MO HINH ANN 2 LOP AN KIEM NGHIEM MO HINH ANN 1 LOP AN
700 700

= 600 R'=0.9978 _s» — 600 R*=0.998 .9

E 500 » £ 500 -

= ) o -

E 40% u“""'f Té' 400 ‘.c’.

= 300 ¢ “ 300 o

= > — -

= 200 o? = 200 o2

e 100
100 300 500 700 100 300 500 100
Thycdoh,(mm) Thye do h, (mm)

Hinh 5: Két qua test 2 mé hinh,

Hinh 5 va Bang 6 so sanh két qua tinh toan cua
2 mo hinh ANN véi s liéu thue do do sau sau
nude nhay ha. Ca 2 mé hinh déu co hé sé R?1a
0,998, sép si 1, chung t6 cac mo hinh da tinh

so sanh tinh todan voi thuc do

toan rat chinh xac do sau sau nudc nhdy. Sai s6
tuyét ddi trung binh (MAE) dudi 10 mm; sai s6
tuong dbi 16n nhat 1a 3,98%. M6 hinh 2 16p an
¢6 sai s6 nho hon mé hinh 1 16p an.

Bang 6: So sanh két qua test 2 mé hinh

e ) RMSE MAE Sai 6 Saisé | Saisd
Tri so tinh toan R? K .
: (mm) (mm) trung binh max min
h, theo ANN-2L 8.64 7.67 0.998 2.19% 3.65% 0.07%
h, theo ANN-1L 10.02 9.10 0.998 2.55% 3.98% 0.28%
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4. KET LUAN

Trong bai bdo nay, tac gid da trinh bay mot
phuong phap mdi, sit dung mo hinh mang no-
ron nhan tao tinh todn do sau sau nudc nhay
trong kénh ling tru ddy bang c6 mit cit ngang
hinh chit nhat. Trong mé hinh ANN, khi sé 16p
an 1a 2 thi thoi gian tinh 1au hon, nhiéu budc lap
hon nhung két qua c6 d chinh xac cao hon so
v6i mo hinh ANN 1 16p 4n. S6 luong no-ron
trong 16p vao bang s6 ham Pi can thiét dé tinh
ty s6 do sau nudc nhay, do la: s6 Froude Fry, s6
Reynolds Re1” trude nudce nhay, d6 nham tuong
dbi e/h1 va d6 sau trudc nudc nhay tuwong d6i
h1/b. S6 no-ron trong mdi 16p an nén 1a 8, nhiéu
hon s no-ron trong 16p vao. Ham kich hoat
TAI LIEU THAM KHAO

| KHOAHOC

|__CONG NGHE __

ReLU cho két qua tot hon ham Sigmoid.

Cac md hinh ANN ma tac gia dé xuét cho két
qua tinh toan c6 do chinh xac rat cao, hé sb R?
dat sdp si 1 trong ca hai 1an kiém dinh mé hinh.
Ngudi st dung chi can nhap 4 dir liéu can thiét
13 c6 két qua tinh ty s6 d6 sau lién hiép ciia nude
nhay. M6 hinh nay ¢ xét dén tinh nham cua bé
mit 1ong dan va tinh nhot cua chét long nham
dam bao tinh khach quan va chinh xé4c cta két
qua tinh toan. Pham vi img dung mo hinh kha
rong (xem Bang 1), do ¢6 md hinh nay c6 thé
dugc ap dung vao thuc té dé tinh toan do sau
sau nudc nhay trong kénh ling try day bang,
mit cit chir nhat.
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