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TOM TAT

Nghién ctu nay trinh bay mét cach tiép can t6i uu hda da muc tiéu dua trén phuong phép téng
c6 trong s dé gidi bai toan nghich dao ti tellua mét chiéu (MT1D) cho méi trudng nhiéu I6p (30
I6p). N6i dung bai todn MT1D la xac dinh phan bé dién trd sudt (BTS) theo do sau thdng qua viéc
cuc tiéu déng thai d6 nham clia m6 hinh BTS va sai s6 can bac hai trung binh (RMSE) gilia dir liéu
quan sat (DLQS) va di liéu tinh toan (DLTT). Hai muc tiéu nay dugc két hop thanh mot ham muc
tiéu duy nhat théng qua cac cap trong s6 dé chuyén bai toan téi uu da muc tiéu vé bai todn téi uu
don muc tiéu. Tiép theo, bai toan don muc tiéu thu dugc nay dugc gidi bang thuat toan tién hoa vi
sai cai tién (MDE), mét phuong phép t6i uu toan cuc khong can dao ham va it phu thudc vao mé
hinh ban dau. Budng bién Pareto dugc xay dung ti nhiéu cap trong s6 dé phan tich méi quan hé
danh déi gitra hai muc tiéu, va nghiém t6i uu dugc xac dinh theo tiéu chudn diém khuyu. Phucng
phép dugc kiém chiing trén mo hinh ba I6p va cho két qua phan anh tét cau tric ly thuyét. Khi
ap dung cho s6 liéu thuyc té tai diém do C12 (Cu Chi, TPHCM), két qua thu dugc phu hop véi céc
nghién ctu trudc. Cac thir nghiém trén moé hinh Iy thuyét va s6 liéu do thuc té chiing té hiéu qua
tOt clia phuong phap dugc dé xuat trong viéc giai bai toan nguagc ti tellua, la bai toan cd muc do
phi tuyén cao, cho thay tiém nang mé réng phucng phép nay cho céc bai todn ngugc dia vat ly
khac.

Tu khoa: tur tellua, bai todn ngugc mot chiéu, tién héa vi sai cai tién, téi uu hda ham da muc tiéu,
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bién Pareto, cau tric dia dién nhiéu I6p

GIGI THIEU

Trong nghién cttu cdu truc sdu bang phuong phép tu
tellua (MT), bai toan ngugc mot chiéu (1D) dugc st
dung d€xac dinh phin bé dién trd sudt (DTS) theo do
sau dudi diém do, dua trén di liéu DTS biéu kién va
pha quan sat dugc. Khi giai bai toan ngugc MT mot
chiéu, thudng c6 hai cich tiép can déi véi su phan b
DTS bén duéi diém do.

Céch tiép can thi nhét gid dinh méi trudng gdm mot
$6 it16p ndm ngang (thudng nho hon 1016p) trén mot
ntia khong gian, trong d6 sy thay déi DTS gitia cac
16p ké nhau 1a dang ké. Cach tiép cin thu hai coi moi
trudng gom nhiéu 16p (c6 thé 1én t6i hang chuc 16p),
v6i su bién d6i DTS gitta cac 16p ké nhau la tuong d6i
nho va lién tuc.

Déi v6i mo hinh it 16p, bai todn ngugc 1D nhim xdc
dinh dong thoi bé day va DTS ctia cac 16p. Nguoc lai,
d6i v6i mo hinh nhiéu 16p, bé day cac 16p dugc cho
trudc, c6 dinh; giai bai todn ngugc tap trung vao viéc
xdc dinh DTS cta cac I16p nam ngang. Trong trudng
hgp nay, DTS theo d6 sau dugc yéu cdu bién thién
tron, phan dnh ding dic diém thay déi lién tuc cua

moi trudng thuc té.

Trong bai todn nghich ddo MT1D cho moi trudng
nhiéu 16p, hai ham muc tiéu can dugc cuc tiéu hoa
dong thoi: (i) d6 nham (roughness) ctia dudng cong
DTS theo d¢ sau va (ii) RMSE gitia di liéu quan st
va dii liéu tinh theo mo6 hinh. Hai ham muc tiéu nay
dugc lién két thong qua mot hé s6 diéu chinh nhim
can bing miic d¢ anh hudng cua ting thanh phan
trong qua trinh nghich dao.

Mot trong nhiing phuong phép truyén théng va kinh
dién dé gidi bai todn nay la phuong phap Occam, dugc
dé xudt bdi'. Phuong phap nay st dung quy trinh lip
nhdm tim mo6 hinh ¢6 d9 tron t6i da nhung van dam
bao d¢ phu hop t6t gitta DLQS va DLTT. Su cin béng
gitia d0 nham ctia mé hinh va d¢ léch (misfit) dugc
diéu khién boi tham s6 lambda. Qud trinh ldp thudng
bat ddu v6i mot mo hinh DTS rat tron (lambda 16n),
tiép theo gidm d4n lambda dé€ cai thién d¢ phu hop,
cho dén khi sai s6 dat ngudng cho phép hodc dat s6
vong ldp toi da.

Gan day, cic phuong phap tim cyc tri toan cuc, dién
hinh 1a thuét toan tién hoa di truyén, da dugc ap

Trich dan bai bao nay: Viét Hung L. Giai bai toan ngugc tir tellua mét chiéu da muc tiéu sir dung thuét
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dung cho bai toan nay>~. Do lam viéc véi cac quin
thé nghiém ngau nhién, cdc phuong phap nay it phu
thudc vao mo hinh khdi tao va ¢ kha niang tim kiém
cuc tri toan cuc ma khong cén stt dung dao ham, do
d6 phu hgp véi cac bai toan phi tuyén phtic tap.
Phuong phap ti€én hoa vi sai cai tién (Modified Differ-
ential Evolution - MDE) 1a mét ky thuat t6i uu hoéa
dugc phét trién dua trén cic nguyén ly ctia thuat toan
tién hoa vi sai (Differential Evolution — DE), dugc dé
xudt boi® va sau d6 dugc cai tién bsi Son va cdng
su®’. Phuong phép nay da dugc 4p dung hiéu qua
trong nghich dao s6 liéu MT cho cac mo hinh it 16p
(3-516p)°.

Trong nghién ctiu nay, viéc xdc dinh phan bé PTS
theo d¢ sdu ctia méi trudng nhiéu 16p dugc thuc hién
béng phuong phiap MDE st dung ma nguén MAT-
LAB dugc cung cip bai®® trén MATLAB File Ex-
change ¢4 tén “A fast and efficient differential evolu-
tion for truss optimization problems” dé tim 16i giai
thoéng qua quaé trinh cuc ti€u héa ham muyc tiéu tng
hap.

PHUONG PHAP

Trong bai toan t6i uu hdéa da muc tiéu, cdc ham muc
tiéu (it nhét la hai ham) dugc cuc tiéu héa dong thoi.
Trong bai toan nghich dao tii tellua mét chiéu dugc
trinh bay trong bai bao nay, hai ham muyc tiéu can cyc
tiéu hda la:

1. P6 nhdm (roughness) ctia tuyén DTS theo do
sau, ky hiéu f1: 1a t6ng binh phuong hiéu DTS
ctia hai I6p sat nhau chia cho d¢ day cua 16p
trén!:

~N—1 (Pix1—pi)

fl :Ziil h: (1)

Trong d6 p; va p;11 l4an lugt la DTS ctia 16p thi i va
16p thii i+1, h; 13 d6 day ctia 16p thi i, N la s6 16p clia
mo hinh.

2. Sai s6 cdn bac hai trung binh (RMSE) gitta DTS

va pha ciia DLQS va DLTT, ky hiéu f;, dugc cho
bai:

M

Z (pa cali — Pa obsi t+ Pa cali — Pa obsi)z (2)

M

Trong d6 P, obs VA Qg ops 12 cdc DTS biéu kién va pha
biéu kién quan sit, Py cq Va Qg e 12 céc DTS biéu
kién va pha biéu kién tinh lai tit tuyén DTS nghich
dao, M 1a s6 chu ki dii liéu dugc quan sat.

Dé cuc tiéu f; va f, dong thoi, chung t6i si dung
phuong phap téng co trong s (weighted sum ap-
proach) %11 &€ bién bai todn cyc tiéu hai ham muc
tiéu thanh bai todn cuc tiéu mot ham muc tiéu f duoc
tinh theo cong thtc:

f=wifi+wafo (3)

Trong d6 wy va wp lan lugt 1a trong s6 clia cdc ham
muc tiéu f] vafr, v3i0 <wp, wy <1lvawy=1-wy.
Viéc cuc ti€u héa gid tri clia f v6i mot cip trong s6 wy
va wyp dé tim tuyén DTS theo d¢ sdu dugc thuc hién
bang thuit todn MDE. Sau d6 ti méi két qua tuyén
DTS thu dugc, mot cdp gia tri ham muc tiéu f; va f,
dugc tinh toan st dung cac cong thic (1) va (2) da
trinh bay & trén. Béng cach cuc tiéu ham muc tiéu f
v6i nhiéu cdp gia tri trong s6 wy va wy ta sé thu dugc
nhiéu cdp gid tri ham muc tiéu f; va f,. Tiép theo,
vé do6 thi cua f; theo f] ta dugc mot d6 thi c6 dang
duong hypebol, trong cac bai todn cuc tiéu ham nhiéu
bién d6 thi nay dugc goi la bién Pareto (Pareto front).
Mot vi du vé bién Pareto dugc cho trén Hinh 1. Su
thay déi ctia f; va f, ¢é xu hudng ngugc nhau: khi f;
nho thi f; 16n va ngugc lai, thé hién nguyén tic “ddnh
d6i” (trade-off) trong bai todn t6i uu hoa da muc tiéu:
mudn cai thién muyc tiéu nay thi phai lam xdu di muc
tiéu kia, ma khong thé cai thién ca hai muc tiéu dong
thoi.

Sau khi xay dung dudng bién Pareto, diém khuyu
(knee-point) dai dién cho nghiém cin bang tét gitia
cdc muc tiéu f; va f, dugc xéc dinh bang phuong
phép khoang cach dén day cung (chord distance
method)'>!®. Phuong phap nay dya trén viéc néi
hai diém bién ctia dudng Pareto va xdc dinh diém
c6 khoang cich vudng goéc 16n nhit dén doan thing
nay. Ly thuyét vé diém khuyu va cic phuong phép
xdc dinh diém nay trong t8i uu hoa da muc tiéu cé thé

12,14, ciing nhu 3,

tham khéo trong cac cong trinh ctia
Khi tinh khoang cach dén déay cung, cac truc f; va f,
thudng dugc chudn hoa vé don vi dé tranh trudng hop
mot trong hai muc tiéu c6 gia tri 16n hon sé chi phéi
két qua tinh khodng cach dén day cung so v6i muc
tiéu con lai.

KET QUA

Két qua tinh toan trén mé hinh

Trudng hop sé liéu khéng chira nhiéu

M5 hinh dugc st dung gém 3 16p, mo6 phong cdu tric
dia dién sau ctia ving Ct Chi dua vao khao sat MT
trudc day (3): Phan phia trén cé d6 day khoang 2 km
v6i DTS 100 Q.m, phén & gitia day khoang 8 km véi
DTS 5000 Q.m, va phin khong gian bén dudi ciing 1a
c6 DTS 50 Q.m.
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Pareto front

h

Hinh 1: Bién Pareto minh hoa m&i quan hé danh déi gitta @& nham (f1) cia mé hinh va sai s6 RMSE (f2) trong bai

toan t6i uu hda da muc tiéu'".

Dé nghich ddo mo hinh ly thuyét nay, moi trudng dia
chat bén duéi diém do dugc chia thanh 3016p, gom 29
16p c6 d¢ day c6 dinh va 16p dudi cung la ntia khong
gian, sau do tién hanh gidi bai todn ngugc dé tim DTS
ctia cic 16p sao cho tuyén DTS theo d6 sau la tron
nhat. Lép trén cung dugc cho c6 do day 0,2 km, do
day ctia cac 16p tiép theo phia dudi dugc xac dinh bdi
d6 day ctia 16p ndm ngay trén né nhén véi 1,08. Téng
bé day ctia 29 16p 1a 20793 m. D¢ sau nay cho phép
nghién ctiu cdu truc dia dién sau ctia khu vuc nghién
ctu dén do sau tuong tu nhu cac khao sat MT trudc
day da thyc hién tai khu vyc nay>!>16,

Chuong trinh gidi bai todn ngugc bang thuit toan
MDE dugc st dung d€ cyc tiéu héa ham f = wif; +
wafs cho 12 cdp gia tri clia (wq, w») theo thi tu wy
tang, wy gidm nhu sau: (0; 1), (0,1; 0,9), (0,2; 0,8),
(0,3;0,7), (0,4; 0,6), (0,5; 0,5), (0,6; 0,4), (0,7 0,3), (0,8;
0,2), (0,85;0,15), (0,9; 0,1) va (1; 0). Trong mbi trudng
hgp, chuong trinh dugc tinh toan véi 10000 lan lap.
Két qua dugc trinh bay trén cac hinh vé Hinh 2, 3, 4
va 5. Trén mdi hang ctia cac hinh nay ¢é 3 hinh nho,
bén trdi la mo hinh ly thuyét (dudng mau xanh) va
két qua nghich ddo (dudng mau do). Hinh & gitia la
DTS biéu kién tinh ti m6 hinh (dudng mau xanh) va
DTS bi€u kién tinh tii két qua giai bai toan nghich 1D
(duong mau do). Hinh bén phai la pha biéu kién tinh
tit mo hinh ly thuyét (dudng mau xanh), va pha biéu
kién tinh tit két qua nghich ddo (duong mau do). Tu
cac hinh vé ta thdy khi wy; = 0 dén w; = 0,6 thi cic
dudng cong DTS biéu kién va pha quan st va gdn nhu

chong khit 1én cic dudng cong tinh tit m6 hinh, nén
chi quan sat thdy dudng mau doé do chung gan nhu
chong khit 1én nhau.

D6 thi ctia ham muc tiéu f thé hién sy hoi tu cha qua
trinh giai bai toan ngudc theo s6 lan ldp dugc minh
hoa trén Hinh 6. Ta thdy trong phén 16n trudng hop,
qua trinh I1dp hoi tu sau khoang 2000 ldn lap, chicé 1
truong hop hoi tu sau khoang 5000 1an 1dp (khi wy =
0,2), va 1 truong hop hoi tu sau khoang 7000 lan lap
(khiw; =0,1).

Hinh 7 trinh bay dé thi duong bién Pareto, thé hién
mo6i quan hé danh déi gitia hai muc tiéu f; va fp: khi
f} 16n thi f, nho va ngugc lai. D€ chon ra gia tri cip
trong sO tot nhdt, cac dai lugng f; va f; dugc chuin
héa vé don vi, sau d6 n6i mot day cung di qua hai diém
ngoai cling ctia do thi rdi tinh khoang cach vuong goc
tit cdc diém con lai dén day cung d6 (Hinh 8). Diém ¢
khodng cach vudng géc dén day cung 16n nhét (diém
khuyu) sé dugc chon. Két qua chon dugc diém khuyu
tuong ting véi truong hop cip trong s6 wi = 0,6 va wy
=04.

Trudng hop sé liéu c6 chira nhiéu

S6 liéu tinh tit mé hinh 3 16p mé phong cdu tric
dia dién sau cua vung Cu Chi trén diy dugc cdng
thém nhiéu Gaussian 5% d€ kiém nghiém thuat todn.
Viéc tinh todn d6i véi trudng hgp nay dugce thuc hién
tuong tu nhu trudng hgp khong c6 nhiéu da trinh bay
trén day. Két qua nghich ddo véi cic cdp trong sb
khac nhau dugc trinh bay trén cdc hinh Hinh 9, 10,
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Hinh 2: Két qua nghich dao tng véi cac cap trong s6 khac nhau. Tu trai sang phai: mé hinh dién trg suat theo d6
sau, dién trg suat biéu kién va pha biéu kién. Nguén: tac gia.
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Hinh 3: Két qua nghich dao ting véi cac cap trong sé khac nhau. Tt trdi sang phai: mé hinh dién trg sudt theo do
sau, dién trg suat biéu kién va pha biéu kién. Nguén: tac gia.

11 va 12. Ta thdy mic du cac dudng cong nghich dao
khong gan nhu khép hoan toan véi cadc dudng cong
quan sat nhu trong trudng hgp khoéng chia nhiéu,
nhung ching déu khép tuong dai t6t véi cac duong
cong quan sat c6 chia nhiéu trong chiing muc c6 thé.
Hinh 13 biéu dién gia tri ham muc tiéu f theo s6 lan
lip. Co thé thdy sau khodng 1500 lan ldp thi cic qua
trinh nghich ddo véi cac cip trong s6 khac nhau déu

hoi tu. Céc cdp gia tri (f], f2) tinh lai ti cac két qua

nghich ddo tuong tGing véi tliing cdp trong s (wy, wp)
dugc trinh bay trong Bang 1.

Ta thdy rang d6i véi trudng hgp cé nhiéu, trong khi
f, van giam khi w tang, cc gid trj f; khong con ting
don diéu nhu & trudng hgp khong c6 nhiéu ma giam
ti w; = 0,1 dén khoang wy = 0,4 r6i mdi tang trd lai.
biéu nay cho thdy nhiéu da lam thay ddi quy luét bién
thién ctia nghiém theo trong s6. Két qua la ba cidp gid

tri dau tién déu bi chiém uu thé (dominated) boi cap
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Hinh 4: Két qua nghich dao ting véi cac cap trong s6 khac nhau. T trai sang phai: mé hinh dién trg suat theo d6
sau, dién trg suat biéu kién va pha biéu kién. Nguén: tac gia.
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Hinh 5: Két qua nghich dao ting véi cac cap trong sé khac nhau. T trai sang phai: mé hinh dién trg suat theo do
sau, dién trd suat biéu kién va pha biéu kién. Nguén: tac gia.

Bang 1: Cac gia tri ham muc tiéu (f, f,) tuong tng véi titng cdp trong sé (w;, w,) thu dugc tir cac két qua
nghich dao s6 liéu mé hinh dugc cdng nhiéu Gaussian 5%.

wi;wa 0,109 02,08 0307 0406 0505 06,04 0703 0802 085015 00,1
f) 5,136 1,758 1,653 1,650 1,728 1,887 2,159 2,645 3,063 3,772

f 12,071 1,479 1,065 0,832 0,683 0,574 0,484 0,398 0,351 0,297

Nguoén: tac gia.
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Hinh 6: Gia tri cia ham muc tiéu f theo s6 budc [ap ting vaéi cac cap trong s6 khac nhau khi nghich dao sé liéu mo
hinh khéng chiia nhiéu. Nguén: tac gia.
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Hinh 7: Bién Pareto thu dugc tif cac cdp trong s6 (w1, w2) khéo sét, thé hién méi quan hé danh déi gidra d6 nham
clia mé hinh va RMSE gitta DLQS va DLTT. Nguén: tac gia.
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Hinh 8: Xac dinh diém khuyu (knee-point) trén bién Pareto bdng phuang phap khoang cach dén day cung (chord
distance method) cho sé liéu khong chita nhiéu. Nguon: tac gia.

0 10° £
N loEemeer B
5 w,=0,w,=1 T
3 - 60
g i E =
£10 Pmmmmmmmmm- g 10? s
2 — & .
a 30

v
15 : - - =Synthetic model —— Noisy synthetic data 15 —— Noisy synthetic data
1 Inverse model — Predicted data |— Predicted data

2

0 1 2 3 4 5 10?2 10° 10° 102 10° 10
T(s) T(s)

- 60
E >
S 102 Sas
g 10 s
= 30

——Noisy synthetic data

15 —— Noisy synthetic data
Predicted data —— Predicted data

Depth (km)
3

20 0
102 10° 102 10?2 10° 10?
Tis) T(s)
0 10° £y
=02,w,=08 : 7%
iz B o i Rk T 1 &
£ ; T g
giop  ogeeFee--e g 10 S5
a & 30
15 - - - Synthetic model Noisy synthetic data 45 Noisy synthetic data
Inversion model Predicted data — Predicted data
20 0
0 1 2 3 4 5 102 10° 10° 102 10° 10%
Log,, p, (2.m) T(s) T(s)

Hinh 9: Két qua nghich dao ting véi cac cap trong s6 khac nhau. Tt trdi sang phai: mé hinh dién trg sudt theo d6
sau, dién trg suat biéu kién va pha biéu kién. Nguén: tac gia.
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Hinh 10: Két qua nghich dao Ung véi cac cap trong s6 khac nhau. Tur trdi sang phai: mé hinh dién tré suat theo
d6 sau, dién trd suat biéu kién va pha biéu kién. Nguén: tac gia.
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Hinh 11: K&t qua nghich dao Ung véi cac cap trong sé khac nhau. Tur trai sang phai: mé hinh dién tr& suat theo

do sau, dién trg suat biéu kién va pha biéu kién. Nguén: tac gia.

gid tri thd tu tuong Ung véi wy = 0,4, vi tai d6 ca f;
va f déu nho hon cdp f; va f, ddu tién. Cac nghiém
bi chiém uu thé can dugc loai bo trude khi xay dung
bién Pareto. Do d6 7 cdp gia tri (f;, f5) con lai dugc
chuén hoéa va tinh khoang cach tit moéi diém dén day
cung nhu trén Hinh 14. Két qué xdc dinh dugc diém
khuyu tuong ting véi cap trong s6 (w; =0,7 vawy =
0,3).

Két quad dp dung cho sé liéu thuc té

Phuong phap tdng c6 trong s6 d€ cuic tiéu hda da muc
tiéu trinh bay & trén dugc dp dung cho di liéu dién
trd sudt cua diém do C12 duoc thuc hién tai Ca Chi.
Dii liéu ctia diém do nay da dugc mo ta chi tiét trong
bai bao 7.

Dé nghién ctiu sy phin bé DTS theo do siu phia dudi
diém do, viing khong gian bén duéi dugc chia thanh
30 16p, v6il6p trén cung c6 d6 day 200 m. D¢ day ctia
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Hinh 12: K&t qua nghich dao Ung véi cac cap trong s6 khac nhau. Tur trai sang phai: mé hinh dién tré suat theo
d6 sau, dién trd suat biéu kién va pha biéu kién. Nguén: tac gia.

T
! ——f=04f1+0912
——f=0.2f1 + 0.8f2
——f=0.3f1+0.72

f=0.4f1 + 0,612
——f=0.5f1 + 0.5f2
——f=0.6f1+0.4f2

f=0.7f1 +0.32
——f=0.8f1+0.22 |
——f=0.85f1 + 0.15f2| |
——f=0.9f1+0.12

2000 3000 4000

5000 6000 7000 8000 9000 10000

Iteration

Hinh 13: Gi4 tri cla ham muc tiéu f theo s6 budc Idp tng véi céc cap trong s6 khac nhau khi nghich dao sé liéu

mo hinh chira nhiéu Gaussian 5%. Nguon: tac gia.

cac 16p tiép theo dugc tinh bing do day 16p ngay trén
n6 nhén véi hé s6 1,08. Téng do day cta 29 16p phia
trén la 20,793 km, va dudi cling 1a ntia khong gian vo
han.

Viéc nghich ddo s6 liéu DTS do thuc t€ bing thuit
toan MDE da dugc thuc hién véi 10 cdp trong s6 (wq,
wy), tuong tu nhu phan nghich dao s6 liéu mo6 hinh
¢6 nhiéu & trén. SG c4 thé dugc chon cho qué trinh
gidi bai todn bing thuit todn tién hoa vi sai cai tién
14 50. Giéi han dudi va gi6i han trén cta DTS dugc
dét 1an lugt la 10 Q.m va 20000 Q.m. S6 14n ldp dugc
dat bang 10000, thoi gian méi 1an chay chuong trinh

ti khoang 290 gidy dén khoang 296 gidy (gan 5 phut).
T céc két qua nghich ddo, cac cap gia tri (f;, ) dugc
tinh todn va trinh bay & Bang 2.

Ta théy rang cdc gia tri f, gidm khi wy ting, con cac
gia tri f; khong ting don diéu, nén cin phai xac dinh
cac cdp gid tri bi chiém uu thé (dominated) va loai
bd chung trudce khi xay dung bién Pareto. Két qua
xdc dinh dugc cac cdp gid tri bi chiém uu thé 1a cip
gid tri thi ba va thd ndm, 1an lugt tuong tng véi wy
= 0,3 va wy = 0,5. Tiép theo, bién Pareto dugc xay
dung tu 8 cdp gia tri (f], f5) con lai. Céc cdp nay dugc
chufin hoa va tinh khodng cach ti méi diém dén day
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Hinh 14: Xac dinh diém khuyu trén bién Pareto bang phuong phap khodng cach dén day cung cho truéng hgp

c6 nhiéu. Nguén: tac gia.

Bang 2: Cac gia tri ham muc tiéu f; va f, tuong ing véi titng cap trong sé (w;, w;) thu dugc tir cac két qua

nghich dao sé liéu thuc té.

wi, w2 0,109 0208 0307 0406 0505 06;04 0,703 0802 0850,15 00,1
f) 33,165 B8VES 33,879 33,553 34,826 34,051 34,376 34,909 35,397 36,331
f 3,203 2,783 2,682 2,107 1,919 1,600 1,426 1,253 1,151 1,021

Nguon: tac gia.

cung nhu trén Hinh 15. Két qué xdc dinh dugc diém
khuyu tuong ting véi cdp trong s6 (w; = 0,6 va wy
= 0,4). Nhu vay két qua nghich dao tuong tng cip
trong s6 (0,6; 0,4) dugc chon véi tu cach la nghiém c6
su can béng tdt nhat gitia hai ham muc tiéu f} va f,
va dugc biéu dién bing dudng mau do & phan bén trai
cua Hinh 16.

Dé so sanh, Hinh 16 ciing biéu dién két qua tinh
theo phuong phéap nghich ddo ty dong mot chiéu
(automatic 1D inversion) clia Weaver va Agarwal
(1993) 18 (dusng mau xanh ducng) va két qua tinh
theo phuong phap Occam (dudng mau xanh luc). Cé
thé thiy cac két qua nghich dao khd phit hgp véinhau,
chung déu mo ta sy phin b6 DTS bén dudi diém do
v6i viing DTS phia trén biang khodng 100 - 200 Q.m
cho dén d¢ sau khoang 500 - 700 m, sau d6 tang dan

dén gid tri ldn nhit bang khoang 10000 Q.m tai d) siu
khoédng 5 km, tiép theo giam d4n dén gia tri khoang
100 Q.m ké tii d¢ sdu khoang 10 km. Céac duong cong
DTS tinh lai ti cdc mo hinh nay gin nhu triing nhau,
va chung déu khép t6t véi s6 liéu do dac (dugce biéu
dién bang cic diém mau den).

THAO LUAN

Trong phin nghién ctu trén moé hinh ly thuyét, cac
cdp trong s6 (wl, w2) v6i khoang cach 0,1 da dugc
khdo séat va vé do thi bién Pareto (xem Hinh 7, Hinh 8
va Hinh 14). Do trén d6 thi nay cdc gia tri cia ham
muc tiéu f] tuong Gng v6i wi = 0,8 va w; = 0,9 ndm
kha xa nhau so véi cac gid tri khdc, nén cap trong s
wi = 0,85, wy = 0,15 ndm & gitia da dugc khao sit
thém dé cho d6 thj bién Pareto tré nén diy da hon.
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Hinh 15: Xac dinh diém khuyu trén bién Pareto bang phuang phap khodng cach dén day cung cho sé liéu thuc

té. Nguon: tac gia.
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Hinh 16: Bén trai: Cac két qua nghich dao sé liéu

107 10° 10

T(s)

DTS tai diém C12 thu dugc tir cdc phuang phéap khac nhau:

phuong phap MDE cuc tiéu da muc tiéu (dudng mau dd), phuong phap nghich dao tu déng mét chiéu- AUTOMOD,

dudng mau xanh duong) '7/1°

va phuong phap nghich ddo Occam mét chiéu (dudng mau xanh luc). Bén phai: So

sanh cac gia tri DTS quan sat (cac diém mau den), véi cac gid tri tinh lai tir cac két qué nghich dao thu dugc. Nguén:

tac gia.
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Néu tién hanh tinh todn véi cang nhiéu cép trong s6
w1 va wy theo budc nho hon sé cho phép khao sat bai
todn cuc tiu héa ham f mot cdch cang chi tiét, nhung
sé ton nhiéu thoi gian dé thyc hién.

Déi v6i hai diém ngoai cling ctia dudng bién Pareto,
khi cép trong s6 (w1, w2) bang (0;1) va (1;0), ta thdy
rdng néu wy = 0 va wp = 1, thi chi ¢6 ham muc tiéu
f; la RMSE dugc t6i uu héa ma khdéng quan tdm dén
su tron ctia mo6 hinh DTS. Tu hinh vé trén cling ctia
Hinh 2 va Hinh 9 ¢6 thé thdy ring mic du cac di liéu
DTS va pha biéu kién khép véi nhau tét, nhung két
qua nghich ddo thu dugc khong thé hién quy luét thay
d6i ctia DTS theo d6 siu, nén né khong ¢ y nghia
thuc t€. Truong hgp nay giong nhu viéc chi nghich
dao mot ham muc tiéu giong nhu trong bai bao (3)
nhung véi s6 16p nhiéu hon (& day 1a 30 16p). Trong
khi d6, néuw; =1 vaw, =0, ing véi viéc chi cuyc tiéu
ham muc tiéu f; 13 su tron ctia tuyén DTS theo d¢ siu
ma khong quan tdim dén sy khép nhau gitta DLQS véi
DLTT tinh lai tit két qua giai bai todn ngugc, két qua
thu dugc 1a mot gid tri khong déi ciia DTS theo d¢ sau.
RO rang két qué nghich ddo nay ciing khong pht hgp
thuc té. Hai trudng hgp nay ching to ring thuit toan
tién hoa vi sai céi tién cho mot ham muc tiéu khong
ap dung dugc trong bai toan tu tellua mot chiéu khi
moi trudng bén dudi ¢ nhiéu 16p (c& hang chuc 16p).
Doivéi trudng hop s6 liéu quan sat khong chia nhiéu,
khi cdc trong s6 wy va w; thay d6i trong khodang ti: 0,1
dén 0,9, ta thdy rang cdc dudng cong DTS thu dugc
tui viéc giai nghich c6 dang gan giong va bam khd sat
mo hinh ly thuyét. Khi gia tri wy ting dan thi dinh
phia bén phai ctia duong cong DTS c6 xu hudng dich
chuyén dan vé bén trai. Khi wy = 0,1 thi gia tri DTS
cuc dai ctia két qua nghich dao 13 16n nhat va 16n hon
gid tri cyc dai ciia mo hinh ly thuyét. Tiép theo, khiw;
=0,2 thi cdc gid tri cyc dai nay gdn nhu bing nhau, sau
dd, khi wy cang tang 1én thi gid tri DTS cuc dai ctia két
qua nghich déo cang giam di so v6i DTS cuc dai ctia
mod hinh ly thuyét. Quan sat cac hinh so sanh duong
cong DTS va pha tinh tit moé hinh va tinh tit két qua
nghich do ta thdy véi cac gid tri wy ti 0,1 dén 0,4 thi
ching gin nhu truing khit v6i nhau. Tu gia tri w; =
0,5 bat dau xudt hién sy chénh léch & dudng cong pha.
Tiép theo, khi wy cang tang 1én thi sy khac nhau gitia
cac duong cong cang ro.

Déi vé6i trudng hop s6 liéu quan sét chia nhiéu, khi
céc trong s6 wi va wp thay d6i trong khoang tit 0,1
dén 0,9, ta ciing quan sat thdy su phu hop tot gitia s6
liéu chita nhiéu va cic s6 liéu tinh lai tii két qua nghich
déo. Tuy nhién khi ¢ nhiéu thi mét s6 mo6 hinh DTS
thu dugc khong khép t6t v6i mo hinh ly thuyét bang
trudng hgp khong cé nhiéu, vi du nhu céc két qua thu
dugcv6iwg =0,1 dén 0,4, xem Hinh 2, Hinh 3, Hinh 9

va Hinh 10. Nhu véy, c6 thé thiy rang nhiéu da lam
giam d¢ chinh xdc cua viéc gidi bai todn ngugc bing
phuong phap MDE.

Khi x4y dung bién Pareto, nhiing diém bi chiém uu
thé bsi diém khéc can phai dugc loai bo. D3i véi s6
liéu chia nhiéu, sau khi loai bo cdc diém nay thi diém
khuyu thu dugc tit bién Pareto 1a diém tng véi cip
trong s6 (0,7;0,4), bi léch sang bén canh so v6i diém
(0,6;0,4) 1a khi s liéu khong c6 nhiéu. Cac khoang
cach da chuén hoa tinh tit cac diém khuyu nay dén day
cung lan lugt bang 0,29782 va 0,28496, cho thdy do
chénh léch khoang 4,5%. Nhu véy c6 thé thiy nhiéu
trong s6 liéu quan sat c6 dnh hudng dén két qua xac
dinh bién Pareto va diém khuyu, v6i mtic nhiéu Gaus-
sian 5% nhu da khdo sat thi diém khuyu bi léch sang
ngay bén canh diém khuyu khi khong cé nhiéu.

Khi 4p dung phuong phép t6i uu héa da muc tiéu biang
cach 1ay tong c6 trong s6 dugc dé xudt trong bai bao
nay cho s6 liéu DTS tu tellua tai diém do C12, ta thdy
két qua tuyén DTS theo d sau thu dugc phu hgp t6t
v6i két qué cdu tric DTS tinh bang cic phuong phap
nhu t6i uu héa MDE ham don muc tiéu va nghich
dao Occam. Tuy nhién, so v6i phuong phap nghich
ddo Occam thi phuong phap MDE cuc tiéu ham da
muc tiéu t6n nhiéu thoi gian chay chuong trinh hon
so v6i phuong phap Occam (khodng 5-10 phut so véi
khoang 1-2 giay).

KET LUAN

Trong nghién ctiu nay, phuiong phap tong c6 trong s6
két hgp vai thuét toan tién hoa vi sai cai tién da dugc
ap dung dé€ thuc hién qud trinh nghich ddo bai toan
MT1D cho mo hinh nhiéu 16p. Céc ham muc tiéu vé
d6 nham ctia mo6 hinh va RMSE dugc t6i uu héa dong
thdi. Sy can bing hop ly gitia hai muc tiéu dugc dam
bao thong qua viéc phan tich dudng bién Pareto va
lya chon diém khuyu. Két qua nghién cttu trén cac
mod hinh ly thuyét va s liéu thuc té€ cho théy viéc ap
dung phuong phap tdng c6 trong s6 két hgp vé6i thuat
toan MDE cho phép thu dugc tuyén DTS theo d¢ sau
mot cach hgp ly, dang tin cay. Phuong phép dugc dé
xudt trong nghién ctiu nay cing c6 thé mé rong cho
cac loai bai todn dia vét ly khac.

DANH MUC CAC TU VIET TAT

MT: Magnetotellurics — Tham do ti tellua (Trudng
dién tir)

DLQS: Dii liéu quan sat

DLTT: Dii liéu tinh todn

DTS: Dién trd suit

MT1D: One-dimensional Magnetotellurics — Tham
do tit tellua mot chiéu
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RMSE: Root Mean Square Error - Sai s6 cian bac hai

trung binh
MDE: Modified Differential Evolution — Thuét todn
tién hoa vi sai cdi tién

DE: Differential Evolution — Thuét todn tién héa vi sai

1D: One-Dimensional - 1 chiéu

XUNG POT LOI ICH

Tac gid tuyén b6 rang khong c6 xung dot loi ich.

DONG GOP CUA TACGIA
Tac gia Luu Viét Huing nghién ctiu ly thuyét, xay dung

cac mo hinh d€ kiém nghiém, xt ly s6 liéu thyc té, viét
ban théo.

CAM ON

Tac gia xin chan thanh cam on cac phan bién va bién

tap vién phu trach chuyén muc (Section editor) da

déng gop nhiéu y kién xdc dang dé tac gia stia chiia

va hoan thién bai béo.
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ABSTRACT

In this study, the one-dimensional magnetotelluric (MT1D) inversion problem for a multi-layered
medium (30 layers) is addressed using a multi-objective optimization approach based on the
weighted sum method. The MT1D inversion aims to determine the resistivity distribution with
depth from observed apparent resistivity and phase data, in which two conflicting objective func-
tions must be minimized simultaneously: the roughness of the resistivity model and the misfit be-
tween observed and calculated data, quantified by the root mean square error (RMSE). These two
objectives are combined into a single objective function through systematically varied weighting
factors to investigate the trade-off between model smoothness and the level of agreement be-
tween observed and modeled data. This formulation transforms the original two-objective opti-
mization problem (roughness and RMSE) into a single-objective optimization problem based on
their weighted sum.

The resulting single-objective optimization problem is solved using a modified differential evolu-
tion (MDE) algorithm, a global optimization method that does not require derivative information
and is less sensitive to the initial model compared to traditional approaches. By performing inver-
sions with different pairs of weighting factors, a Pareto front is constructed to characterize the trade-
off relationship between the two objective functions. The optimal solution is then selected based
on the knee-point criterion, which provides a balanced compromise between model smoothness
and data misfit.

The proposed method is first validated using a synthetic three-layer model, demonstrating that
the recovered resistivity-depth profile accurately reflects the true structure. It is then applied to
real data from the C12 site in the Cu Chi area, Ho Chi Minh City. The inversion results are in good
agreement with previously published studies. The results indicate that the method is effective and
reliable for 1D MT inversion and has strong potential for extension to other geophysical inversion
problems.

Key words: magnetotelluric, 1D inversion, MDE algorithm, multi-objective optimization, Pareto
front, layered geoelectric structure
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