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Economic growth increases energy demand while fossil fuel resources are
gradually being depleted and contribute to climate change. Therefore, the
developmentofrenewable energy sourcesis essential. Oceanwave energy,
with an estimated global potential of about 1 TW, is abundant and
environmentally friendly. Vietnam has significant advantages in this
resource; however, studies on assessing wave power density (Pw) using
satellite altimetry data remain limited. The paper focuses on calculating
wave power density based on wave heights derived from satellite
altimetry data over the East Sea. Various formulas for computing wave
power density are reviewed, compared, and validated. The study also
examines the influence of water depth and gravity on Pw. A cross-
validation-based approach is developed to evaluate Pw, from which a
computational workflow is established. To automate Py calculations, the
authors develop and verify a computer program. An experiment is
conductedin the EastSea using SARAL/AltiKa satellite data fromcycle 32,
collected between 03 March 2016 and 06 April 2016, comprising 7,542
measurement points. Results show that wave power density during the
study period mainly ranges from 1.5 kW/m to 44.3 kW/m, with a Pw
estimation error of +#1.023 kW/m. The study provides a foundation for
comprehensive assessment of wave energy potential in the East Sea using
satellite altimetry data.
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Swtdng trwdng kinh télam gia tdng nhu cdu ndng lwong trong khi ngudn
ndng lwong héa thach ngay cang can kiét va gdy bién déi khi hdu. Vi vy,
phdt trién ndng lwong tdi tao la yéu cdu cdp thiét. Nang lwong séng dai
dwong, vdi tiém ndng khodng 1 TW, doi dao, thdn thién méi trwong. Viét
Nam c6 lgii thélén vé ngudn nay, nhwng nghién citu danh gid mdt dj céng
sudtsdéng (Pw) tir sé liéu do cao vé tinh hién con han ché. Baibdo tdp trung
nghién cteu tinh todn mdt dé cong sudtséng theo do cao séng xdc dinh tir
s6'liéu do cao vé tinh trén Bién Dong. Cdc cong thirc tinh todn mdt dj cong
sudtséng da dwoc tim hiéu, so sdnh va kiém chitng. Anh hwéng ctia d sdu
va trong lwc dén Py ciing dworc quan tdm. Phwong phdp ddnh gid Py dwoc
xdy dwng trén co s& ddnh gid chéo. Tir do, so db quy trinh tinh todn Py, da
dworc xdy dung. D€ tw dong tinh todn Pw, cdc tdc gid dd xdy dung va kiém
chitng chwong trinh mdy tinh. Thuc nghiém da dworc thyc hién trén Bién
DPéng vai sé liéu ctua vé tinh SARAL/AltiKa, chu ky 32, dwoc do tir ngay
03/3/2016 dén ngay 06/4/2016, véi 7.542 diém do. Két qud thuwc nghiém
cho thdy: mdt dé céng sudtséng trong thoi gian thue nghiém chil yéu tdp
trung trong khodng tir 1,5 kW/m dén 44,3 kW/m; sai s6 xdc dinh Pw dat
+1,023kW/m. Nghién ctru nay tao co'sé dé€danh gid tiém ndng ndng lwong
séng toan dién trén Bién Dong tir sé liéu do cao vé tinh.
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1. M¢ dau

Sw phat trién cua cic nén kinh té dang lam
tang nhu cau vé nang lwong. Trong khi d6, nguén
nang lwgng héa thach nhw dau mo, khi dot tw
nhién va than da la c6 han (Bai, 2006). Ngoai ra,
khi thai tr cAc ngudn ning lwong hoa thach dan
dén s nong 1én toan cau. Vi vay, viéc phat trién
cac ngudn nang lwong tai tao méi la mot yéu ciu
c4p thiét ddi véi moi qudc gia. Nang lwong sdng
trong cac dai dwong, bao pht khoang 71% bé mat
trai dit, 1a mét trong nhirng nguon nang lwgng tai
tao do6idao (Guan,2011).Nanglwongsong co titm
nang l&n nhatvala loai ndng lwgng c6 gia tri nhat
cua dai dwong vi n6 sé chianh hwdngnhe dén moi
tredng vandla motdangnangluwongco hoc. Theo
wéce tinh cia cac nghién ctru trén thé gi¢i, nang
lwgng song trong cac dai dwong khoang 1 TW (Li
va nnk., 2010). Vi vay, viéc khai thac va st dung
cac nguon nang lwong séng la mot chién lwoc
quan trong dé giai quyét cacvan dé nang lwongdo
thiéu cac nguén nang lwong thong thwdong va cac
van dé moi trueong.

Trwéce khi khai thac ndng lwong séng, cin
phai danh gia tiém nang ctia n6, bao gom: phin b
nang lwgng séng theo thoi gian va khong gian,
bién doi theo mua. Cac danh gia ndng lwgng song
da dwoc thuc hién & mot s6 quoc gia. Ban dau, cac
danh gia ning lwong s6ng chu yéu dwa trén cac
quan sat truc ti€p, nén khong thé cung cap két qua
dai han va quy mo lén (Quayle va Changery,
1981). Vé sau, cadc nghién ctru da danh gia nguon
nang lwong song & mot sé6 khu vuc trén thé gidi
bang cach st dung cac mo hinh séng s6 (Pontes,
1998; Pontes va nnk., 2005; Cornett, 2008; Zheng
va Pan., 2014). Sy phat trién ctia cdng nghé do cao
vé tinh da dwa ra mot phwong phap méi dé do do
cao song (SWH). Ttr d6, mot s6 nghién ctru danh
gidtainguyénninglugng songbangséliéudo cao
vé tinh da dwgc thyc hién. Trong tailiéu (Barstow
va nnk., 1998) cac tac gia da danh gia nang lwong
séng & hang tram diém roi rac trén nhirng ving
nuéc siu doc theo bo bién toan cau bang dir liéu
do cao vé tinh Topex/Poseidon. Nang lwong séng
dugc danh gia béi Pontes va Bruck (2008) bang
dit liéu do do cao vé tinh va dit liéu SAR. Nghién
ctru cho thiy cac so liéu nay cé hiéu qua cho viéc
danh gia nang lwgng séng. Trong tai liéu (WAN va
nnk., 2015), tai nguyén nang lwong séng trén khu
vuwc nghién ciu dwoc danh gia dwa vao sé liéu

nhiéu loai vé tinh do cao. Nghién ctru dd 1ap duoc
ban d6 nang luwgng séng, tinh cic chi s6 ning
lwong séng. Gan day, van dé nay van dwoc quan
tAm nghién ctru trén thé gi¢i: Trong tailiéu (Leon
vannk., 2023), cac tac gid da nghién danh gia titm
nang nang lwong séng & vung bién cua Phap theo
do cao song xac dinh tir di liéu do dd cao vé tinh
26 nam, ttr thang 1 ndm 1992 dén thang 12 nam
2018.Kétqua nghién ctru cho thiy: vao muiabong,
nguodn ning lwong séng cao hon so véi cadc mua
khac. Trong tai liéu (Leon va nnk., 2025), cac tac
gia tap trung danh gia tiém ning nang lwong séng
bang phwong phap thuc nghiém nham xac dinh
chu ky séng - mot tham s6 then chét trong tinh
todn nang lwong s6ng. Dit liéu trang thai bién do
phan gidi cao dwoc thu thap tir hai vé tinh
Sentinel-3A/B va CryoSat-2, sau d6 dwoc xtt 1y lai
bang bod theo doi tién tién SAMOSA+. Ngoai ra,
nghién ctru con st dung céc s6 liéu do tai chd tir
mang lwéi phao séng tai TAy Ban Nha, Phap, Y va
Hy Lap dé phuc vu danh gia tiém ning nangluong
song. Cac két qua nghién ctru cho thdy rang
phwong phap do cao vé tinh c6 hiéu qua va kha thi
trong danh gia tiém nang nang lvong séng.

Viét Nam la qudc gia c6 bo bién dai, dién tich
bién 1én, tiém nang ndng lwong séng bién rat1on.
Néu khai thac dwoc nguon nang lwong nay sé rat
hitu ich cho Viét Nam. Cho dén nay, da c6 mot so
cong trinh nghién ctru tinh toan, xac dinh, thanh
14p ban d6, danh gia tai nguyén ning lwong séng
bién trén Bién Ddong, tiéu biéu nhw: Bdo cdo danh
gia tiém ndng nang lwong birc xa, gié va song tai
Viét Nam cda B Tai nguyén va Méi tredrng cong
b6 nim 2022 (B6 Tai nguyén va Moi truong,
2022).Congtrinh nay da st dungsé liéu quan trac
séng, gi6 truc tiép tai 17 tram hai van cia Viét
Nam, va s liéu tai phan tich tir vé tinh d€ danh gia
tiém nang nang lwgng séng, gié trén bién Viét
Nam. Két qua da dwa ra nhirng danh gia vé tiém
nangning lwong gié va séngtai cacviung bién Viét
Nam va dy béo tiém ndng nang lwong gio, song
theo kich ban bién déi khi hiu. Bdo cdo cung cip
cac thong tin vé thuc trang nghién ctu, phattrién
cong nghé va khai thac nang lwong gio, séng ngoai
khoi trén thé gi¢i va tai Viét Nam. DAy la nhirng
két qua nghién cru bwéc dau vé phan bé chi tiét
tiém nang nang lwgng gid, séng tai cac vung bién
cda Viét Nam. Cong trinh nay la tai liéu hiru ich dé
cac bd, nganh dia phwong tham khao va st dung
trong cac hoat dong c6 lién quan. Tuy nhién, trong
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cong trinh nay, s6 liéu dwoc st dung cé do chinh
xacva do phan giai chwa cao; chwa str dung sé liéu
do cao vé tinh; méi danh gid nang lwong séng
trong diéu kién nwéc sdu ma chwa tinh dén anh
huwdng ctia d6 sdu nwde bién. Trong tailiéu (Curto
va nnk., 2020), cac tac gid da tong hop nhirng két
qua tinh toan, ddnh gia vé tiém ning nang lwong
songva gié da co tir trwedre va cd nhirng phan tich
vé hiéu qua kinh té ctia viéc dau tw khai thac nang
lwong gi6, song ngoai khoi Bién Dong.

Vé&i nhitng phan tich, ddnh gid nhw trén, bai
bao nay tdp trung nghién ctru, tinh toan mat do
congsuitsongtheo do cao songxacdinh tirsé liéu
do cao vé tinh trén Bién Déng cé xét dén cacyéu
t6 trong lwc, dd sdu nwde bién. Pong thoi duwa ra
phwong phap danh gia do chinh xac cia mat do
céng suit séng xac dinh dworc.

2. Khu vy va s6 liéu nghién civru

2.1. Khu vwc nghién ciru
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Khu vucnghién ctru cé gidihan: do vitir 5,50N
dén24,0°N; d6 kinh tir 104,5°E dén 117,5°E, thudc
Bién Déng (xem Hinh 1). Pay la khu vyc chiu tac
dongmanh ctia gi6 muia Pong Bac va Tay Nam, tao
nén treong séngbién doird réttheo mua. Khuvue
nghién ciru dwgc danh gia 1a c6 tiém nang nang
lwgng séng 1én (B6 Tai nguyén va Moi trudng,
2022). Viéc danh gia do chinh xac ctia do cao séng
xac dinh tir dit liéu do cao vé tinh Sentinel-3A/B
dat #0,118 m (Nguyen, 2025). Khai thac nang
lwong song trén Bién Dong cling da dwoc xac dinh
trong chién lwgc phat trién ning lwgng qudc gia
Viét Nam dénnam 2030, tAm nhin dén nam 2045
(Chinh phu Viét Nam, 2024).

2.2. 56 liéu nghién ciru

Trong nghién ctru nay, sé liéu d6 cao séngxac
dinh ttr vé tinh SARAL/AltiKa chu ky 32 dwoc st
dung. Vétinh SARAL/AltiKalavé tinh do cao dwgc
phéong nam 2013 véi sy hop tac gitta CNES (Phap)
va ISRO (An P§), nhdm ting cwdng ning luc do
cao vé tinh dai dwong. SARAL mang theo thiét bi
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Hinh 1. Khu vuec nghién ciru va so liéu nghién ciru.
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do cao AltiKa hoat dong & bang tan Ka (35,75
GHz), cho phép thu ditliéu v&i dd phan giai khong
gian cao hon va ty 1& nhiéu thdp hon so véi cac vé
tinh bing Ku truyén thong. Dir liéu SARAL /AltiKa
phuc vu nghién ctru d6 cao séng, muc nwéc bién,
dong chay dai dwong va cac rng dung khi twong,
hai dwong quan trong (Verron va nnk.,, 2015;
CNES va ISRO, 2013). Trén khu vwc nghién ctry,
chung t6i thu thip dwoc s6 liéu cia vé tinh
SARAL/AltiKa dwgc do tir ngay 03/3/2016 dén
ngay 06/4/2016, bao gobm 7.542 diém do. S6 liéu
dwoc cung cidp bdi (Department of Earth
Observation and Space Systems - DEOS). B0 cao
s6ng nho nhat la 0,084 m; 16n nhat 1a 5,106 m;
trung binh la 1,042 m. Trén Bang 1 1a thong ké
phénloai d6 cao séng xac dinh tir s6 liéu do cao vé
tinh trén khu vuc nghién ctru.

Bdng 1. Théng ké phan logi s liéu dé cao séng.

Khoang phan loai (m) | S diém %
0,084 <SWH<1,0 4.863 64,5%
1,0<sSWH < 2,0 1.827 24,2%
2,0<SWH < 3,0 765 10,1%
3,0<SWH <4,0 83 1,1%
4,0 < SWH <5,107 4 0,1%
Téng 7.542 100%

Trén Hinh 2 1a bi€u d6 tin suit do cao song
trén khu vuwec nghién ctru. Biéu d6 nay cho thiy: do
cao song tip trung chd yéu trong khoang tir
0,2+3,2 m.
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Hinh 2. Biéu db tin sudt d cao séng.

3. Phwong phap nghién ciru

3.1. Tinh mdt dé coéng sudt song

M4t dd cong sudtsongla dic tinh quan trong
nhit dé danh gia tai nguyén ning lwong séng.
Tham s6 nay thwong dwgc tinh toan dwa trén cac
mé hinh séng s6. Trong treong hop nay, mat do
cébngsuitsong (Pw) ciamdt donvi chiéudaidinh
song dwoc tinh bang (Iglesias va nnk., 2009):

2T [ele]
B, = pg fo fo C,(f, )S(f,0)dfdo (1)

Trong d6: p - khéilwong riéng cia nwéc bién;
g latronglwc; Cg - van t6c nhém cua sw lan truyén
nang lwong séng; S(f; 0) - phd song; f- tin s6 song;
0 - hwéng song; d - do sau cia nwéece.

Trong mot so tai liéu nhw (Zheng va nnk,
2011; Zheng va Li, 2011; Zheng va nnk., 2012;
Zheng vannk., 2013) cac tac gia s dung mo hinh
thwcnghiém dé tinh matdo congsuitsong cho cac
vung nwée sau ngoai khoi. Khi dé gia tri Pw dwoc
tinh:

P, ~ 0,55WH?T,, (2)

Trongdd: SWH- d6 cao song; Te- chu ky séng.

Tuy nhién, & vung nwéc nong hodc trung
binh, ching ta phai xem xét dén cac hiéu tng do
sdu day biénkhi tinh toan mit dd nanglwongsong
(Iglesias vannk., 2009). Lic nay, phai dung cong
thirc (1) dé tinh Pw. Tuy nhién, dit liéu do cao vé
tinh khong cung cap pho song, do dé, khong thé
tinh Pw bang phwong phap tich phan phé.

Dé gidi quyétvan dé nay, mot mo hinh tham
sd tinh Pw c6 xem xét dén d06 sau ctia nwérc da duoc
gi¢i thiéu. Khi d6, Pw c6 thé tinh dwgc nhw sau
(Wang va Lu, 2009):

R, =EC,=E (g ° tanhkd ) P, (3)

Trong dé: E = ( ) pgSWH?; k = 2m/A - s6
song, A la buéc séng;

1 2kd
p=l(is 2k ;
2 + sinh 2kd )

a) Déi véi viing nwére sdu
O ving nwéc sau (d/A = 1/2), khidé P*~1/2

va tanhkd ~ 1, dwa vao cong thirc (3) va sap xép
lai, cong thirc tinh Py tré thanh:
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pg’
P, = ——SWH?T, ~ 0,5SWH?T, (5
64m
Céng thirc nay giéng nhw cong thirc (2).
b) béi véi viing nwéc ndng
O viing nwde néng (d/A < 1/20), khi do P+~ 1
va tanhkd % 2md /A, dua vao cong thic (3) va sdp
x€p lai, ta dwgc cong thirc tinh Py nhw sau:

P, =——SWH?/gd (6)

Trongtailiéu (Cornett, 2008), cactacgia cling
dwa ra cong thirc tinh Pw nhw sau:

1
B, = 5pgSWHZCg (7
Trong doé:
- 1<1+ 2kd )/1 o
972 sinh (2kd)/ T, ®)

A - chiéu dai song; Te - chu ky séng;
O ving nwéc nong, A dwoc tinh theo cong
thirc (Cornett, 2008):

2/3
T2 am2d\*’*
A=getanh<n > ©)
27 gT2

Nhw vy c6 swkhac nhau vé cong thic tinh P
gitra 2 tai liéu. Vin dé nay sé dwoc kiém tra trong
phén thuwc nghiém.

¢) Déi véi viing nwérce trung binh

DPoivéi do sdunuwdce trung binh (1/20 <d/A <
1/2), chiing ta phai xem xét hiéu chinh d siu cia
nwdc. Khi dd, Pw dwoc tinh nhw sau:

_ (9T, 2kd

P, =E ( —)] 10
v 2 sinh 2kd (10)
Nhw vay, do sau ctia nwdc (d) va buéc song
(A) 1a can thiét dé xac dinh cac diéukién thich hop
trong tinh toan Pw. Budc song dwgc wée tinh theo

chu ky s6ng trung binh theo cong thirc:
A= iTez (11)
2

Tuy nhién, trong tai liéu (Wen va Yu, 1985),
cac tac gia chi ra rang dé thu dugc két qua chinh
xac hon, khong thé tinh truc ti€p budc séng tir
biéu thirc trén dwoc. Thay vao dd, ching ta phai

1
tanhkd) [—(1 +
T 2

nhan véihé sé thue nghiém la (0,87). Do d6, budc
song cé thé dworc tinh theo cong thirc:
9
27
Nhu viy, dé tinh dwoc cong suit nang lwgng
song thi ngoai do cao sdng, can phai biét dé sau
day bién d, chu ky Te va gia tri trong luc g. Trong
cac phan sau sé nghién ctru vé cac van dé nay.

A =0,87—T2 (12)

3.2. Xdc dinh trong Iwc cho cdc diém cdn tinh
Pw

DéE tinh to4n Pw cin biét trong lwc g tai moi
diém do do6 cao séng. Trong cic nghién ciru trwdc
day, g thudong dwoc 14y 12 9,81 m/s?. Tuy nhién,
day chilagiatri gin dung va c6 thé anh hwdngdén
dé chinh xac ctia két qua tinh toan Pw. Tuy anh
hwéngnay lakhong cao nhwng cling cin quan tim
dé nang cao do chinh xac tinh Pw. Hién tai, chwa c6
s6 liéu do trong lwc chi tiét day da trén Bién Dong.
Trong khi d6, trén thé gi¢i da xay dung dwoc mot
s6 mo hinh thé trong truwedrng toan ciu (Ince va
nnk., 2019). Ttr cic m6 hinh nay, chiing ta c6 thé
tinh dwoc gia tri trong lwe cla cac diém do trén
Bién Dong.

Két qua nghién ctru trong tai liéu (Do va nnk,,
2023) cho thdy mé hinh SGG-UGM-2 1a m6 hinh
phu hop nhat & Bién Dong. Dua trén dir liéu mo
hinh SGG-UGM-2 két hop véi cac phép do trong
lwe trén tau, ching téi da xay dung dwoc mo hinh
trong lwc cho Bién Déng. Gia tri trong lwc tai cac
diém cantinh todn nanglwong séng dwocxacdinh
bang ndi suy theo phwong phap trong sé khoang
cach nghich dao (Shepard, 1968). Theo phwong
phap nay, trong mot vong tron ban kinh R xung
quanh diém can tinh (vi du: R =0,19), cic diém dir
lieutronglwc dwgclwachon. Nén stirdungtdithiéu
bdn diém trongvongtron. Néusé diém trongvong
tronithonbon, R sé dwoctinglén bang cichnhin
véihé s6 1én hon 1. Qua trinh nay cé thé dwoc tw
dong hoa trong lap trinh tinh toan.

Trong s8 pi cia diém i dwoc tinh bang cong
thirc (Shepard, 1968):

! 13
pi = D (13)

Trong d6: Di1a khoang cach tir diém cén tinh
dén diém i da biét gia tri trong luc.

Gia tri trong lwc cia diém can tinh dwgc noi
suy ttr n di€ém theo cong thirc (Shepard, 1968):
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_ =1 9P
XL pi

Phuwong phdp nay c¢6 wu diém la c6 thé ap

dung ca khi di¥ liéu trong lwc dwoc cung cap dwéi

dang lwéi va khi chiing & dang cac diém do roi rac.

Khoi lwong tinh todn khéng qué 16n va phtu hop

v&i ca khu viee c6 bién dong trong lwe manh hoéc

yéu. Do dd, trongbaitoan xacdinh gia tri trong luc

tai cAc diém do cao vé tinh dé tinh to4n tiém nang

nang lwong song, ching to6i dé xuit st dung
phuong phap nay.

(14)

3.3. Xdc dinh dé sdu cho cdc diém can tinh Py

Hién nay, chwa c6 s6 liéu do do sau truec tiép
day da trén Bién Dong. Trong diéu kién d6, motso
mo hinh do sau toan ciu da dwoc xay dung va cho
phép xac dinh do6 siu trén Bién Dong, trong d6 cd
2 m6 hinh hién dai nhw: GEBC02022 va TOPO-
V25.1. Trong tai liéu (Nguyén va nnk., 2023) da
danh gia d6 chinh xdc mo6 hinh GEBC02022 va
TOPO0-V25.1 bang cach so sdnh chiing véi 27.663
diém do su tryc ti€p. Két qua danh gia cho thiy
mo hinh GEBC02022 ¢6 d6 chinh xac tét hon trén
Bién Pong. Do d6, mé hinh nay két hop véi sé liéu
do sau truc ti€p sé dwgc str dung dé tinh toan.

S6 liéu do sdu day bién cé thé la soliéudo dac
d6 siu day bién hodc mé hinh d6 sau day bién. Du
la loai s6 liéu nao thi cac diém cé d6 siu thwong
khong trung véi cac diém do cao vé tinh. Do dé,
can phai xac dinh gia tri dd siu day bién cho cac
diém do cao vé tinh bang phwong phap cic noi
suy. Phwong phap ndi suy trong sé khoang cach
nghich dao (Shepard, 1968) c6 thé dwoc ap dung
dé ndi suy do sau.

3.4. Xdc dinh chu ky séng

Dirliéudo do6 cao vé tinh cung cAp dd cao song
(SWH) va téc do gié chinh xac. Tuy nhién, n6
khong cung cip chu ky s6ng, diy la thong sé quan
trong dé tinh Pw. D€ gidi quyét vin dé nay chu ky
séng thwong dwoc xac dinh bang mé hinh dao
nguwgc. CAicnghién ctru ciia (Wang, 2006) va (Miao
va nnk.,, 2012) 1a nén tang cho sw phat trién cua
cac mé hinh da thirc. (Wang, 2006) trinh bay mai
quan hé giira chiéu cao songkhong thi nguyén va
tubi song nhw sau:

B

T, SWH

1,44-9°2 =agz > (15)
21Uy, U?,

Trong d4: phan nam trong ngodc don 12 chiéu
cao séng khong thi nguyén; vé bén trai 1a tudi
song; Tzla chu ky séng trung binh, theo (Li, 2007)
T2=0,8017 Te; va Uzo la toc dd gi6. Trén co s& dir
liéu do d6 cao ERA-40 va Jason-1, (Miao va nnk,,
2012) phét trién mot mo hinh thwc nghiém da
thirc bac bén cho sy ddo ngwoc xac dinh chu ky
song. M6 hinh da thirc dwgc xay dung cé dang nhw
sau:

n i
14422 _ Z a; (ﬂ) +Cc (16)
2nUy, =1 Uto

Dwa vao cac sé liéu thwc nghiém, xac dinh
dwoc caché s6 aiva € thimod hinh trén hoan toan
xac dinh va tir d6 c6 thé xac dinh dwoc chu ky Tz
va Te. K&t qua thuwc nghiém cho thdy m6 hinh da
thic tirng phan theo tirng phin doan do cao séng
c6 dd chinh x4c cao nhit.

3.5. bdnh gia dé chinh xdc mdt dé céng sudt
séng

DPanh gia do chinh xac mat do céng sudtséng
la viéc can thiét nhwng ciing rat khé thwc hién do
han ché vé tri do truc tiép c6 dd chinh xac cao trén
bién. Trong diéu kién dd, bai bado nay dé xuit cach
danh gid phwong phap xac thwc chéo (Cross
validation) nhw sau: Gid st trén khu vuc nghién
ctu c6 n diém da tinh dwoc Pw. LAy ra 1 di€ém i c6
gia tri P22, Dung (n-1) diém con lai dé& ndi suy ra
mat d§ cong sudt séng cho diémi (PYS). Tinh dd
léch gitra gia tri do va gia tri ndi suy theo cong
thirc:

AP, ; = PNS, — pbo. (17)

w_l
Lanlwot thay doidi€émitir 1 dénn ta sé co tip
hop déléch AP, ;. Coi dd léch nayla tri do thi cip
thi gia tri thuc cta tri do nay bang 0. Sai s8 thuc
chinh bang d6 1&ch. Khi dé, sai s trung phwong
cua do léch dwoc tinh (Gauss, 1823):

APwWAPw
— [ni] (18)

Tt cong thire (17) ta cb cong thirc tinh sai s6
trung phwong (Pang va nnk., 2015):
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miPw = mf’w_NS + m%w_do (19) Mppw [APWAPW]
o 6?1 sai 6 et o4 1 P Mpwg, = o — 4 SV 21)
rong do: mp,, s 1a saiso cua gia tri Pw ndi do V2 2n

suy; ma,, 4, 12 sai s6 cua gia tri Pw do.

Néu coi sai s8 clia gid tri ndi suy bang sai s6
clagiatri do (diéunaylagan ding visaiso cla gia
tri noi suy thwong lén hon sai s cua gia tri do),
thay vao cong thirc (19) ta cé:

Lwu y rang: day chila do chinh xac ndibo cla
mat do cong suit song.

3.6. So’ do6 thudt todn xdc dinh mdt doé cong
sudt séng tir sé liéu do cao vé tinh trén Bién
miPw = m%w_do + mg’w_do (20) Déng

Vé&ico sé ly thuyét nhw trén, so d6 thuat todn
xac dinh mit dé cong suitséng tir sé liéu do cao
vé tinh trén Bién Pong dwoc xay dung (Hinh 3).

[ Bat diu ]
]

Nhap s6 liéu do cao vé tinh da x¥ I ra d6 cao séng va téc do
gid

v

Phin doan theo d5 cao séng

!

Xéc dinh cac tham s ctia m6 hinh chu ky song

¥

Ttr day suy ra:

Xac dinh gié tri trong Iyrc cho diém Nhap s liéu
cin tinh mét d6 cong sudt song - trong lec
Xac dinh gia tri d6 sau cho diém Nhap sé liéu 46
can tinh mat d6 cong suat sémg [ sau day bién

I

Phan loai theo d6 sdu cia diém tinh

|1
{ ’ }

Tinh mit d6 cong Tinh mat d¢ cong suat Tinh mét 46 cong
sudt song theo diéu song theo didu kién suit séng theo digu
kién nwdc nong mwrcrc trung binh kién mrére sdu

I RX!

Xuat ra gia tri mat d6 cong suat séng

¥

Danh gia d¢ chinh xdc mat d5 cong suat séng

[ Keét thic ]

Hinh 3. Sor do thudt todn xdc dinh mdt do cong sudt séng tir s liéu do cao vé tinh trén Bién Pong.
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4. Két qua nghién ciru va thao luin

4.1. Tinh todn thir nghiém dé kiém chirng
cong thirc

Dbé kiém chirng cac cong thirc, ching toi tién
hanh tinh todn thi cong bing excel cho 09 diém &
3 diéu kién: nwéc néng, nwde sdu va nwdc trung
binh. Két qua tinh dwoc trinh bay trén Bang 2.
Trong bang nay, cot (5) la két qua tinh theo cong
thirc don gian, phd bién, chwaxétdén diéukién chi
tiét vé phan loai d6 sau. K&t qua nay dwocdung dé
kiém tra sai s0 1on, tho. Cot (6) va (7) 1a két qua
tinh & diéu kién nwéc néng theo cac cong thic
khac nhau. Cot (8) va (9) 1a két qua tinh theo diéu
kién nwéce trung binh.

Két qua tinh trong diéu kién nwéc nong theo
céng thirc (7) phu hop véi cong thire (2). Két qua
tinh trong diéu kién nwéc ndng theo cong thixc (6)
khong phu hop, gia tri chi bang mot nira két qua
tinh theo céng thirc (2). Nhw vay, cong thirc (7)
dwoc lwa chon.

Két qua tinh trong diéu kién nwdéc siu va
nwédc trung binh theo cac cong thirc (5) va (10)
phu hop véi két qua tinh theo cong thire (2). Cac
céng thirc nay dwoc lwa chon dé 1ap chwong trinh
tinh toan tiép theo.

4.2. Két qua xdy dwng chwong trinh tinh mdt
dé nang lwong séng

Vé&ily thuyét va quy trinh tinh & trén, va dé tw
dong viéc tinh toan, chwong trinh tinh mat do
nang lvong séng dwoc xay dung nhw Hinh 4.

Bdng 2. Két qud tinh todn kiém chiing céng thikc.

Pw
TT SWH | b6 sdu | Phanloai Theo ¢5 Nwdc nong, | Nwdécnong,| Nwdcsdu, | Nwdctrung
A eo cong . n o s o
(m) (m) |theo dd sau thire (2) theo cong | theo cong | theo cong |binh, theo cong
thirc (6) thirc (7) thirc (5) thirc (10)

W] (2) (3) (4) (5) (6) (7) (8) )
11,801 -69,949 Sau 15,611 15,227 15,393

2 11,860-69,000 Sau 17,082 16,662 16,922
312,004 [-62,098 Sau 17,865 17,426 17,577

4 11,966 |-44,597 | Trung binh | 19,366 18,890 19,368
511,805|-38,001| Trung binh| 15,181 14,807 16,309

6 |1,862]-59,011| Trung binh| 16,364 15,962 16,313

7 10,509 ]| -0,757 Nong 0,832 0,442 0,881 0,812

8 10,440 -1,030 Nong 0,545 0,380 0,752 0,532

910,618 -1,001 Nong 1,297 0,749 1,490 1,265

3 Power_SWH

Input the data file name of SWH:

Input the data file name of Gravity:

[

Open

l

Open

Input the data file name of B athymetry: I

Input the result file name:

Open

IPower_Result.lHl

Saveds

E xit

Hinh 4. Giao dién chwong trinh tinh mdt dé céng sudt séng.

ekl
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Trinh ty chay chwong trinh nhw sau:

- Nhép file s6 liéu vao muc: Input the data file
name of SWH

- Nhép file s6 liéu trong lwc va muc: Input the
data file name of Gravity

- Nhép file s0 liéu d6 sdu vao muc: Input the
data file name of Bathymetry

- Nhép file két qua tinh vao muc: Input the
result file name.

- Chay chwong trinh bang nut 1énh Run. Sau
khi chay xong, thoat khéi chwong trinh bang nut
lénh Exit.

b€ kiém chirng chwong trinh, két qua tinh ctia
chwong trinh dugc so sanh véi két qua tinh thu
cong bang excel (Bang 3). K&t qua so sanh cho
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thdy: do léch giita tinh thd cong va tinh bang
chwong trinh rat nhd, d6 1éch1én nhitchila 0,001
KW /m, chirng té chwong trinh tinh toan dang.

4.3. Két quad tinh todn mdt dj cong sudt song

Tt s6 liéu do cao vé tinh, chung t6i da tinh
toan dwgc mat do cong sudtsong cho 7.542 diém
trén Bién Dong. Mat do cong suit séng nho nhat 1a
0,006 kW /m; 1&n nhit la 122,827 kW /m; trung
binh la 6,519 kW/m. Trén Hinh 5 1a biéu d6 tin
sudt ciia Pw. Hinh nay cho thay: mit d6 cong suat
song chu yéu tip trung trong khodng tir 1,5+44,3
kW /m.

Bdng 3. Két qud kiém chiing chwong trinh.

0 o Pw (kW/m)
T B (%) L () SWH(M) = ong trinh | Kiém chimg D6 léch
1 | 5536202 | 107,425088 | 1,801 15,226 15,227 -0,001
2 | 5597525 | 107,411535 | 1,860 16,662 16,662 0,000
3 | 5658848 | 107,397980 | 2,004 17,425 17,426 20,001
4 | 5781493 | 107,370864 | 1,966 19,367 19,368 -0,001
5 | 6088104 | 107,303039 | 1,805 16,309 16,309 0,000
6 | 6149425 | 107,289467 | 1,862 16,313 16,313 0,000
7 | 20,102131 | 110,568007 | 0,509 0,881 0,881 0,000
8 | 20,958922 | 110,361569 | 0,440 0,752 0,752 0,000
9 | 11,760957 | 117,020453 | 0,618 1,490 1,490 0,000
3000 -
2500
2000
i
=1
: 1500
5
1000
500
Dt
. ||I|||| [T— | |
SN IRALINRNTLSIRNSLS
SRS dudgREIRfEYS e A
Pw (kW/m)

Hinh 5. Biéu db tin sudt ctia mdt do céng sudt song.
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bé biét duwgc phan b6 cia Pw theo vi tri, ching
toi bi€u dién Py trén Hinh 6. Hinh ndy cho thay:
phan 1én cac diém c6 gia tri Pwnhd hon 10 kW/m,
chi mot s6 noi cé Pwlén hon 10 kW/m.

Thong ké theo d6 1on ctia Pw cling dugc thuc
hién va trinh bay trén Bang 4. Bang nay cho thay
nhitng diém c6 Pw < 10 kW/m chiém t&i gan 80%.

4.4. Két qua danh gia doé chinh xdac mdt dj
cong sudt song

11

Theo phwong phap danh gia di trinh bay &
muc 3.5, két qua danh gia nhw sau: b6 léch 16n
nhitla 19,136 kW/m; nhé nhitla-21,729 kW /m;
trung binh l1a 0,012 kW/m. Sai s6 trung phwong
ciadoléchla+1,443 kW /m.Saisé xacdinh Pwdat
+1,023 kW/m.

Biéu do tin suatdo 1éch dwoc trinh bay trén
Hinh 7. Hinh nay cho thay: do léch c6 gia tri16m c6
tan sudtit; do 1éch c6 gia tri nho c6 tin suitlén; dd
1éch c6 tinh chat d6i xdéng.

24°N ! ] ] 1 1 1 !
TRUNG QUOC
22°N- . / i
VIET NAM ? \ A
Y
Bach Long Vi v " !
20°N- Yavivs \ | \ i
/ .
18°N \ i
1 ,5° /
» i e®*' © f
16°Nd  Pw<10kW/m ] 6’-\'\?336“\\ .' -
s 10 <Pw <20 kW/m v @ QI\"'-‘ |
14°N- ¢ 20<Pw <30 kW/m \ G L
® 30 <Pw <40 kW/m ob‘\
® 40 <Pw < 123 kW/n; \%‘\
12°N . - A2 -
A
. . B D.PhiQuy | R® :
10°N4 p. pha Qus | ‘\ﬁ"\gﬁ\ o
@b. Thé dh \ | -1-‘@}‘“ 7
Qb. Cén Son \\l .
8°N - Bai can Ca Mau - B
6°N - i

I I I I I 1 I
102°E 104°E 106°E 108°E 110°E 112°E 114°E 116°E 118°E

Hinh 6. Phdn bd ctia P theo Vi tri.

Bdng 4. Két qud thong ké theo do Iom ctia Pw.

Khoang phan loai (kW /m) SO diém %
0,006 <Pw <10 5.989 79,4%
10 <Pw< 20 868 11,5%
20 <Pw <30 363 4,8%
30 <Pw <40 212 2,8%
40 < Pw < 122,827 110 1,5%
Tong 7.542 100%
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3000

2500

2000

1500

Tan suat

1000

500

1 J _.|||‘_

M N 00 O MmO unuM~N O NN U M A 0 W M o W0 W

MM o8 NG A NMO SN AN N W

N OO VU T NN N N O N T OO0 MmO 0

~ l—|1 l—|1 - - L) N = =
APw (kW/m)

Hinh 7. Biéu db tiin sudt dé léch Pw.

Két qua thong ké ciing cho thay chi c¢6 153
diém c6 gia tri d6 1éch 16n hon 3 14n sai s6 trung
phuwong, chiém 2,03%. Diéu nay chirng t6 do léch
c6 tinh chit ngau nhién, tuan theo luat phan bg
chuén.

Trén Hinh 8 1a biéu d6 twong quan giita Pw do
va Pw nodi suy. Hinh nay cho thy twong quan nay
rit tot; hé s6 twong quan (R) gin bang 1.

100
R =0.98871

90 ®
e o
80 2
[ ]
®,
70 Y ¢
0o €
= Qy o o
E 60 [ .&.,- i
3 o o
= ® o8% o
= 50 e
(=] e
'ul :5“30
[ ]
2 40

30
20
10

o &

50 60 70 80 90 100
Pw_NS (kW/m)

Hinh 8. Twong quan gitta mdt do céng sudt séng
do va ndi suy.

5. Ké&t luan va kién nghi

Nghién ctru nay da xay duwng dwoc phwong
phép va quy trinh tinh todn mit d6 cong suit song
theo do cao song xac dinh tirs6 liéu do cao vé tinh
trén Bién Dong. Viéc tinh toan c6 xem xét dén yéu
té trong lwc va do siu. Bai bao ciing dé xuit
phuwong phap danh gia d6 chinh xac cia két qua
tinh. Trén co sé ly thuyétnghién cru dwgc, bai bao
da xay dung chwong trinh dé tw dong viéc tinh
toan. Chwong trinh dwoc kiém tra, ddm bao két
qua tinh tin cay.

Két qua thuwc nghiém da tinh todn dwoc méat
d6 congsudtséngcho 7.542 diémtir s6 liéu do cao
vé tinh SARAL/AltiKa & chu ky 32 trén Bién Dong.
Gia tri nhoé nhit 1a 0,006 kW/m; 1&n nhit 1a
122,827 kW/m; trung binh la 6,519 kW/m. Mat
dd cong suitséng chiyéu tip trung trong khoang
tir 1,5 kW/m dén 44,3 kW/m. Sai s6 xac dinh Pw
dat+1,023kW/m.Payla kétqua méive ngdung
s6 liéu do cao vé tinh dé€ danh gia nanglwong séng
trén Bién Dong.

Két qua nghién ctru nay 1a co s& dé phat trién
nghién ctru xac dinh mat dé cong suatsong trong
thoi gian dai tir s6 liéu két hgp nhiéu loai vé tinh
do cao. Tlrd6, c6 nhitng danh gia tiém nang nang
lwgng séng toan dién trén Bién Dong.
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