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TOM TAT

Nghién civu nay trinh bay cdc két qua cwce tiéu héa di thwong tir truong ciia mot vo tau hinh
cau dai sit dung 3 thudt todn toi wu Active-set, SQP va Interior-Point, dé toi wu hiéu qud bii tir
trieong bang cdac cudn day khir tir. NhGm tac gid tiép cdn bai toan khu tir bang cac mé hinh toan
hoc cuia cac vé tau hinh cau dai va ting cugn day khit tir bén trong, sau dé, sir dung 3 thugt toan
nay dé cuc tiu hda ham chi phi cua bai toan. Cdc két qua t6i wu ciia 3 thudt todn dwege so sanh
va danh gia dinh tinh duoi dang quan sat dé thi va dinh lwong dwoi dang gia tri RMSE cua dj
thwong tir trwong con lai va gid tri RMS cia di thiong tir truong ban dau. Muc tiéu cua nghién
Cieu nay la dwa ra nhdn xét, danh gida cdc két qua cuc tiéu hda bang 3 thugt toan toi wu khdc
nhau, tir d6, dé xudt lira chon thudt toan téi wu phir hop véi md hinh Vo tau tuwong dwcong.

Tiwr khéa: Cudn day khur tir; Thuat toan t8i wu; Thuat toan Active-set; Thuat toan Sqp; Thuét toan Interior-Point.

1. PAT VAN PE

Khi hoat dong trén bién, cic tau quan sy thuong bi tir héa do anh hudng cia tir truong trai
dat, két qua 1a xung quanh con tau xuat hién cac nhiéu loan tir truong [1, 2]. Cac nhiéu loan tir
truong nay c6 kha nang bi céc thiét bi phat hién di thuong tir cuia d6i phuong phat hi¢n, tham chi
gay kich no céc loai min bién cam tmg, thiy 16i ¢ dudi day bién [1]. Do do, yéu cau dit ra l1a
phai cuc tiéu hoa cac di thudong tir nay, 1am cho con tau tré nén tang hinh vé mit tir trudng trude
cac thiét bi, vii khi cam tng tir cua d6i phuong [1-4]. Cac k§ thuat bu tir truong bang cac cudn
day tiéu tir da duoc sir dung dé loai bo cac di thuong tir ndy, hé cudn day thuong bé tri tdi thicu
theo 3 phuong doc, phuong thang dimg va phuong ngang vo tau. Khi do, cac cudn day khir tir s&
tao ra cac vector cam ung tur c6 do lon bang voi cac vector di thuong tir ndy, nhung c6 chiéu
nguoc lai, nén chiing c6 thé triét tidu cho nhau [1-5], [9-12].

Viéce giai bai toan t6i wu khir tir truong cho tau tuong dwong véi viée giai bai toan nguoc phi
tuyén da bién. Céc bai toan nguoc thuong kho tim dugce nghiém xéac dinh, nén thuét toan binh
phuo’ng trung binh nho nhat thuong duge ap dung trong xdc dinh ham chi phi chung, va két hop
v6i cac rang bude phu hop dé bai toan ton tai nghiém duy nhét [2]. Ngoai ra, nhiéu thuat toan tdi
uu da duge su dung két hop dé cai thién hiéu qua bu tr trudng cua cac cudn day, nhu thuat toan
Téi wu hoa bay dan [5, 9], thuat toan Di truyen [5], thuat toan Hoi quy [11], thuat toan Quasi-
Newton [10], thuat toan Cuckoo [12].,.. . Mdi thuat toan co6 cac hi¢u qua tbi uu khac nhau cung
v6i cac dbi twong va muc dich nghién ctru khic nhau, nén rat kho nhén xét vé hidu qua ctiia mdi
thuét toan. Trong khi do, m01 l6p tau quén sy lai su dung mot thiét ké hé thong khur tir khac
nhau, cac chi ti€u, thong sd ky thuat dugce tinh toan va thiét ké riéng cho timg loai tau, va déu
khong duge cong bd do yéu to bi mat quan su. Trong khi do, nude ta van chua c6 mot nghién
ctru va quy dinh nao cong bd cac két qua lién quan dén van d& t6i wu khir tir va mure khir tir phu
hop cho tung loai tau quan su. Vi vay, trong nghlen clru nay, nhém tac gla s& khong ban luén hay
danh gia vé hiéu qua gitra thuat toan ndy v6i nhau. Tuy nhién, dé giam cac nghién ctru tring lap
khac sau nay va dua ra céc lua chon phu hop hon trong tinh todn m6 phong bai toan khir tur, vigc
so sanh va danh gia gilra cac thudt toan nay 1a can thiét. Trén co s& d6, nhom tac gia s& sur dung 3
thuét toan toi wu 1a Active-set, SQP va Interior-Point, dé so sanh va danh gia hiéu qua cuc tiéu
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hoéa di thuorng tir cuia mot mo hinh vo tau hinh cau dai c6 chua cac cudn day khu tir bén trong.
Bay 1a cac loai thuat toan t6i wu cb dién, v6i giai thuat don gian, téc do thyuc hién nhanh, phu hop
v6i viée nhanh chong danh gid, udc luong dugce khong gian nghiém kha thi va muc tang hinh tu
truong cho cac mo hinh tau twong duong.

2. MO HINH HOA BAI TOAN TOI UU KHU TU TRUONG

2.1. Tinh toan cam @ng tir sinh ra béi vo tau va cac cuon day
Xét mot vo tau hinh cau dai cé cac cudn day khir tir bén trong nhu trong hinh 1.

HO—
Ban kinh truc dai: a=20m
Ban kinh truc ngén: b=25m Ze
Do day vo tau: t=10 mm
D6 tir thim vo taw: p,= 80 4D
Tt treeong trai dat: Hy= 36,2 A/m
e e o e o o o o o/e¢ e o o © ¢ o o o ® @
P1 P2 Y®Pi1 Pi Pit1 Po-1 Pn

Hinh 1. Hé thong bu tir truong don truc cho vo tau hinh cau dai.

Cac vi tri do tr truong Py, Py,..., P, duoc bo tri trén 1 duong théng & phia dudi vo tau, va mdi
vi tri do ndy twong ing v6i mot cam bién tir truong ba truc. Puong do tir trudng cach day tau
mét khoang bang 4D, véi D 1a chiéu rong cta vo tau va D = 2b [3]. Cac cudn diy c6 dang hinh
tron, nam trong mat phang Oxy, bb tri doc cach déu nhau mot khoang z.. Cac cudn diy ngoai
cung ¢ ban kinh giam dan d¢am bao diéu kién ndm hoan toan trong vo tau. Do day cua day la vo
cung nho va c6 thé bo qua. Nhom tac gia bé qua cac tuong tac ve tur truong gitia vo tau voi cac
cudn ddy va giira cac cudn day voi nhau, dong thoi coi khong gian bén trong va bén ngoai vo tau
1a chan khong, v6i do tir thAm tuyét dbi 1a u, = 4xx 107 Him.

Khi chua khtr tir, dudi tdc dung cua tir truong ngoai By = uoHo, cdm ung tur truong theo
phuong Oz bén ngoai vo tau dugc xac dinh theo cac cong thirc sau [1, 2]:

B, s =By +“0—D{[—1jln(§—”j +C2—ﬂ e
' c 2 E-1) nr,

Trong d6, ¢va r,r,,cC 1an luot 1a toa do va cac hé sb xéac dinh thudc hé toa do cau dai; D, la
hang s6 chua biét, duoc xac dinh tr cac diéu kién bién. Cong thirc cta cac hé sé va hing sb nay
da duogc xac dinh trong tai li€u so [1, 2].

Mobi cudn diy tht i mang mot dong di¢n I; (i = 1 = m) s& tao ra mot vector cam ung tur
B, cuonday, Va theo nguyen Iy chong chét tir truong, xep chong hé m cudn day khur tir s€ tao ra mot
vector cdm ung tir tong trong khong gian B; cyonday, va xac dinh nhu sau [2, 6]:

m

Bz,cuonday = z Bz,cuonday,i

i=1
m I R.Z— 2 2
I 1 K_(k_)jLLZI

T (Repf+z]tL T Rop) g

E; (k) )
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Trong do, |; va R; 1a dong dién va ban kinh cua cudn day thi i, p va z 1a cac toa do trong hé
toa do try, cac tich phan Eliptic E; (k) , K, (k;) va ki cua cudn day thtr i dd dugce xac dinh theo tai
lidu s6 [2, 6]. Trong nghién ctru nay, nhom tac gia s& khong xét dén chiéu dong dién riéng phan
cua ting cudn day, viéc lya chon chiéu dong dién, twong ung la chi€u cua vector cdm Ung tur, s€
la mét bac tw do dugce xac dinh boi thuat toan toi wu.

Két qua ta thu duoc mot vector tir truong tong 1a xép chdng céc vector cam Ung tir ctia vo tau
va céc vector cam ung tir ciia cac cudn day, cac vector tur trudong ngugc chiéu nhau sé bu trur cho
nhau, muc bu tu truong nay dugc xac dinh nhu sau:

Q:B. +B

zj,votau zj,cuonday

-By (3)

Trong 46, j=(0,1,...,n)1a s diém do trong khong gian; rjla phan du cta cam tng tir cua tau
va cam ung tir ciia cac hé cudn ddy so voi tir trudng nén. Yéu ciu dit ra lé cuc tiéu h(’)g phan du
nay, lam cho h¢ tir trudng cua tau va cudn day tang hinh so voi tir trudng nén cua trai dat.

2.2. Tinh toan ham chi phi ciia hé thong va phwong phap danh gia téi wu

Twr cong thure (2.3), ham chi phi ctia bai toan dugc xac dinh nhu sau:

) 2
f =min LZ( sz,votau + sz,cuonday - BO) J (4)

j=1

Rang budc: dong dién cua timg cudn diy nam trong dai: -10.000 A + 10.000 A.

Ham chi phi f 1a mot ham phu thudc vao rit nhiéu bién sé nhu toa do do (X, y ,2), s6 lugng
cudn day m, ban kinh cudn day R; (i = 1 + m), ban kinh tryc dai a, ban kinh truc ngfln b cua vo
tau, do tir thim vo tau ., cudong do tir truong trai dat Hy, s6 luong diém do n va gia tri dong dién
khir tir Ii (i =1 + m) trong ting cudn. Cac bién sé nay thay doi theo cac thiét ké khac nhau vé vo
tau, cudn day khur tir va cac yéu cau vé muc d¢ tang hinh tir trudng cua tau. Trong nghién ciru
nay, nhom tac gia tp trung cyc tiéu hoa ham chi phi f theo bién s6 14 dong dién khi tir trong 6
kich ban vé s6 lugng cudn day khu tir 1a 3, 5, 7, 9, 11 va 13 cudn dy, cac cudn day cach déu
nhau 1 khoang z, = 2,5 m, véi 6 diém do 1a n=101diém. C4c bién sé con lai da dugc xac dinh
tur cac gia thiét dau vao, do tir thAm Wy va tr truong trai dat Hy duoc sir dung lai tir nghién ctu
trude day ctia nhom tac gia trong tai lidu sb [2]. SO luong t6i da 13 cudn day tiéu tir duge gia
thiét 13 di nhidu dé dam bao muc tiéu khir tir truong trong nghién ciru nay. Viée tim s luong
cudn day khr tir t6i thiéu phu hop v6i muc tidu bu tir trudng 14 mot bai toan can nghién ctru thém
bang cac k¥ thuat t6i wu khac va khong ndm trong nhiém vy muc tiéu cia nghién ciru nay.

Dé c6 co so so sanh va danh gia két qua, nhom tac gia st dung cach so sanh dinh tinh dudi
dang quan sat dd thi va dinh luong dudi dang gid tri sai sb can bac hai binh phuong trung binh
(RMSE) trén cung dudng ldy mau, theo cong thirc sau:

RMSE = %i(Bzi,votau + Bzi,cuonday - BO )2 (5)
i=1

Gia tri RMSE sau khi két thiic mo phong tdi wu dugc dung dé so sanh voi gid tri can bac hai
binh phuong trung binh (RMS) cta di thuong tir ban dau do vo tau sinh ra duéi tac dung cuia tur
truong nén By, va dugc tinh nhu sau:

RMS = \/li(Bzi,votau - BO )2 (6)

[ ey

Ap dung cong thirc (1) voi cac thong sé dau vao da biét, tinh dugc gia tri RMS la 137,748 nT.
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2.3. Céc thuit toan tdi wu cb dién
Xét mot bai toan t6i wu phi tuyén c6 rang budc dang tong quat nhu sau [13-16]:

mxin f(X), voi X=(X,Xy,.0, X,)" (7
Rang budc: h(x)=0, (i=L2,...,p) (8)
g;,(=<0, (j=12..,9) (9)

Trong do, f(x), h(x), g(x) 1a cac ham phi tuyén, X 1a vector ciia nhidu bién thiét ké. £)01 voi bai
toan t6i wu hiéu qua khur tir cho tau, ham chi phi f(x) dugce tinh theo cong thirc (4) va can duoc
tinh toan dé dat cuc tiéu. Vector bién thiét ké x chinh 1a vector dong dién | gdm ti da 13 dong
dién thanh phan, 1a nghiém kha thi cin phai x4c dinh dé ham chi phi cua bai toan dat cuc tiéu,
hay néi cach khac chinh 1a t&i uu hiéu qua tang hinh tir truong cho vo tau.

2.3.1. Thudt todn t6i wu SQP

Theo [13, 16], nguyén 1y cta thuat toan SQP 1a tinh gan ding ma tran Hessian ctia ham
Lagrange st dung phuong phap Quasi-Newton. Theo d6, mot bai toan con Quy hoach bac hai
(QP) dugc giai 6 moi vong lap, nghiém nhén dugc dung dé xac dinh d6 dbc cua ham Lagrange
va hudng tim kiém nghiém tiép theo. Diém cyc trj clia bai toan tdi uu s& thoa man cac diéu kién
Karush-Kuhn-Tucker (diéu kién KKT) va gradient ciia ham Lagrange bang 0.

Ham Lagrange dung dé giai bai toan con QP ¢6 dang nhu sau [13]:

LA = F(0+ 3 AR () +Z#,g () = 00+ 27h(x) + ng(x) (10)

i=1

Trong d6, A= (&,...,ﬂp) va p= (,ul,...,uq) 1a vector cac hé sé nhan Lagrange c6 rang budc

bang va khong bang.
Theo [13], cac diéu kién KKT c6 dang nhu sau:
p q
VL(X, A, 1) = VE () + D AVh (x) +D_;,Vg,(x.) =0 (11)
i1 =
Va 9;(x)<0,  49;(x)=0, (j=12..0) (12)
Trong do: H; 20, (1=12..,9) (13)
Bai toan tong quat duoc tinh gan dung thong qua bai toan con QP nhu sau:
min%sTVZL(xk)SJer ) s+ (%), (14)
Rang budc: Vh (%, )T s+h(x)=0, (i=1..,p) (15)
Vg; (%) s+9;(x) <0, (j=1..,0) (16)

Ma tran ddi xtmg dwong H, =~ V?L(x,)dugc dung dé tinh gan ding ma tran Hessian, va H,
6 thé duge cap nhat bfmg thuét toan BFGS theo cong thuc sau [13]:
Ve HuuH

H + :H + - ’ 17
o ‘ Vi Uy ug H,u, (a7)

Nghiém ciia bai toan con QP dugc dung dé tao ra vong lip méi theo hudng tim kiém voi gia
tri do docs, =—Vf(x,), duoc xac dinh theo phuong trinh sau:

Xq =X+ S, (18)

Tap chi Nghién cieu KH&CN quén sw, Sé 82, 10 - 2022 33



K7 thugt diéu khién & Dién tiv

Trong d6, ay 1a do dai budc diéu chinh tai vong ldp thir k, va dugc xéc dinh bang phuong
phap tim kiém dong thich hop dé toi thi€u hoa ham phat sau:

() = f(x)+p[i| R09 1+ 3 max{0,0,(x) (19)

Thudt todn téi wu SQP dwoc trién khai nhw sau:

1. Khéi tao gid tri xut phat x, va gia tri gan ding H,.

Vong lap:

2. Cho k = 1 t&i N thi thyc hién

3. Giai bai toan con QP theo (14) - (16). Xac dinh A, tai X, thoa man diéu kién KKT.

4. Sr dung phuong phéap tim kiém dong, xac dinh S, » A, VA Xp 41 theo cong thirc (18).

5. Tinh va kiém tra ham phat theo cong thire (19). Néu ham phat khong giam thi diéu chinh

giam gia tri clia @y, Va sy, tai Budc 4 cho dén khi d¢ 16n cua ham phat giam di.

6. Panh gia gradient cua ham Lagrange tai X ,,. Cap nhat Hy ., theo cong thirc (17).

7. Tang k 1én 1 don vi: k = k + 1, tiép tuc vong ldp cho dén khi @, va s;, du nho.

Két thiic vong lip: Khi a;, va s tién vé 0 thi diéu kién KKT ctia bai toan dugc thoa man.
2.3.2. Thudt todn t6i wu Active-Set

Thuat toan Active-Set ding dé giai mot cach tuan tu cac bai toan con QP, tuong ty nhu thuat
todn SQP. Thuat todn Active-Set thuong duoc chia thanh hai giai doan, dau tién Ia tap trung vao
tinh kha thi, sau d6 la tap trung vao tinh toi wu [7, 8]. Tai mot tap nghiém toi wu X, rang budc
g;(x) <0duoc goi 1a hoat dong tai x néu g;(x) =0va khong hoat dong tai x néu g, (x) <0. Cac
rang budc bﬁ}ng ludn la hqat dong, tap hoat dong tai x dugc tao thanh tu cac rélr}g budc hoat dong

g;(x) [8]. B¢ théa man diéu ki¢n KKT, chi c6 cac rang budc hoat dong ton tai dé gradient ciia ham
Lagrange bang 0, cac rang budc khong hoat dong thi cac h¢ s0 nhan Lagrange bang 0. Khi d6, bai

toan rang budc tong quét s& tré' thanh bai toan rang budc stra d6i v6i cac rang budc bang da chon.
Trong bai bao nay, cac rang budc khong bang duge biéu thi dudi dang cac rang budc bién.

Céc budc cua thuat toan Active-Set cling dugc thuc hién twong tu nhu thuat toan SQP [7],
diém khac biét 1a cac bai toan con QP duoc giai véi cac rang budc tap hoat dong, ngoai ra thuat
toan nay dugc thuc day boi bd dé Farkas, voi tap kha thi x phai thoa man cac diéu kién t6i wu bac
nhét hodc 1a diém bt dau caa mot hudng co6 do dbc kha thi.

2.3.3. Thudt todn t6i uu Interior-Point

Thuét toan Interior-Point dwa ra mot giai phap thay thé cho thuit toan Active-Set dé xtr 1y cac
bai toan 16n véi nhiéu rang budc khong bang. Theo d6, bai toan rang budc khong bang duoc giai
br?mg cach tao ra mot ham chan logarit, dé han ché cac nghi¢m tiém nang tang dén vo cung khi
tién gﬁn dén bién cua vung kha thi [14, 15]. Luc nay, bai toan t8i wu ban dau duge giai bé“mg mot
chudi cac bai toan cyc tiéu gan ding nhu sau [13-15]:

mln f,(xs)= m|n f(x) - ,uZIns (20)
Rang budc: h(x)=0 (21)
g(xX)+s=0 (22)

Trong d6, £ 1 tham sb chin va ludn dwong, s 14 bién 1ong 1éo va gia st s duong.

Dé giai bai toan (20) - (22), thuét toan Interior-Point sir dung két hop véi thuat toan SQP va
thudt toan Trust Region theo mét trong hai budc ¢ moi lan lap sau [13-15]:
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1. Budc truc giao theo (X,s) (Budc Newton): Giai phuong trinh (11), (12) ctia diéu kién KKT
v6i bai toan gan ding (20) nham thoa man rang budc (22).

2. Buéc tiép tuyén (Budc Gradient lién hop): Str dung phuong phap Gradient lién hop dé giai
bai toan gan dung (20), thuat toan diéu chinh ca x va s, van giit s duwong. Céach tiép can la giam

thiéu mot xap xi bac hai cho bai toan gan ding (20) trong mot Trust Region, tuan theo cac rang
budc tuyén tinh (21) va (22).

Tru(:rc tiéq, thgét EOéI} thuc hién budc tryc giao, néu khoéng thoa man, thudt todn s€ thir mot
bude tiép tuyén. O moi lan 13p, thuat toan di€u chinh giam ham Lagrange sau:
f,(%8)+v|[(h(x),g(x) +5) |l (23)
Trong d6, v 1a tham s phat va luén dwong. Hé s6 nhan Lagrange c6 thé ting theo sb lan lap
de budc nghiém nh;fm duoc co tinh kha th;. Néu mdi budc thir khong 1am giam ham Lagrange, thi
thuét toan s€ tir chdi budce da thir va chuyén sang thtr mot budc moi.
3. KET QUA VA THAO LUAN
3.1. Hi¢u qua cue tiéu h6a ham chi phi va s6 vong Lip
~ V6i cung ham chi phi ban déu, kich ban 3, 5, 7 va 9 cudn day deu thu dugc ham chi phi cuc
ticu giong nhau theo cd 3 thuét toan, véi so vong lap khong khac nhau nhicu. So cudn day tang
Ién thi ham chi phi cuc tiéu giam cang nhanh, cu the kich ban 9 cuon day cho ham chi phi cuc
tiéu giam hon 400 1an so véi kich ban 3 cudn day, két qua chi tiét c6 trong bang 1.
Bdng 1. Tong hop ham chi phi cuc tiéu va so lan Iap cua 3 thugt toan.

S8 c,uén Ham chi phi Thuat toan Active-’set : ‘ Thuat toan Interior-lfoint

d?V‘ ban du (nT?) Sé vong Sé vong S6 vong
khir tir Idp Idp Idp
3 cudn 4.17.10° n “ 16
5 cudn 1.38.10° “ “ 29
7cuon | 2.64.10° 43
9 cudn 3.97.10° 67 67
11 cudn 4.63.10° “ “ 105
13cuén | 4.84.10° 104

Véi kich ban 11 cuon day, ham chi phi cuc tiéu da giam rat nhiéu so véi kich ban 9 cuon, lan
lwot 12 29 l1an (voi thuat toan SQP), 46 lan (thuat toan Active-Set) va 50 lan (thuat toan Interior-
Point), tuong tng v&i cac hiéu qua bu tir truong khac nhau.

Kich ban 13 cudn day dat dwoc hiéu qua bu tir trudng tét nhat & ca 3 thuat toan, ham chi phi
cuc tiéu da giam xudng dudi mic 1 nT2 O kich ban nay, thuat toan Interior-Point thu dugc ham
chi phi cuc tiéu 12 0,134116 nT? véi 104 vong lap, dat hiéu qua bu tir truong tt hon 2 thuat toan
con lai, véi ham chi phi cuc tiéu déu 1a 0,338 nT?sau 59 vong lap. Tuy nhién, thuat toan Interior-
Point ludn can nhiéu vong lip hon dé dat dugc cac ham chi phi cuc tiéu twong dwong hodc gan
tuong duong vai 2 thuat toan Active-Set va SQP.

3.2. Hiéu qua gidm gia tri RMSE va gia tri RMS

Hiéu qua giam gia tri RMSE va gia tri RMS cua 4 kich ban 3, 5, 7 va 9 cudn day la hoan toan
gidng nhau, véi kich ban 11 va 13 cuon day thi hiéu qua giam khac nhau khéng nhiéu, nhung
muc b di thuong tir truong lai khac nhau 16n, két qua chi tiét c6 trong hinh 2. Véi kich ban 3 va
5 cudn day, gia tri RMSE lan luot 12 37,246 nT va 15,138 nT, du di giam nhiéu so véi gia tri
137,748 nT ban dau, nhung ty 1& giam RMS chua cao vai 72,961% va 89,010%. Theo tai lidu sé
[17], thuat todn t6i wu hoi tu va dua ra quyét dinh lya chon dong dién khir tir khi di thuong tir
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truong sau khi bu nho hon hodc 10% hoic 5% hoac 1% do Ic’rn cua gia tri RMS cua di thuong tir
ban dau. Do dd, kich ban 3 va 5 cuon day sé khong dam bao vé hiéu qua khir tir.

B Thuat toan Active-Set

40,000 = Thuat toan SQP

Thuét toan Interior-Point
35,000

30,000

-~
f
2 25,000
=5
W
5 20,000
= 15,000
o
o L
10,000 % 0 "ia 0 n-;-,
0
5,000 P 050
Sl W
0,000
3 cudn 5 cudn 7 cudn 9 cudn 11 cudn 13 cudn E @
= Thudt toan Active-Set 72,961 89,010 94,481 98.679 99,806 99,978 B <
= Thuat toan SQP 72,961 89,010 94,481 98,679 99,772 99,978 = %
= Thuét toan Interior-Point 72,961 89,010 94,481 98,679 99,811 99,984 ﬁ’

Hinh 2. Tong hop hiéu qud giam gid tri RMSE va gid tri RMS ciia 3 thudt todn.

Vi kich ban 7 cuon day, gia tri RMSE da giam hon 1 nira so véi kich ban 5 cudn day, con
7,602 nT so v&i 137,748 nT ban dau, hiéu qua giam RMS dat 94,481%, nho hon 10% gia tri
RMS. Két qua cuda kich ban 9 cudn day thu dugc gia tri RMSE rat nho, véi 1,819 nT, va hi€u qua
giam gia tri RMS dat 98,679%, nhé hon 5% gié tri RMS.

Tai kich ban 11 cudn day, gia tri RMSE va RMS giam rat nhiéu ¢ ca 3 thuat toan, t6i hon
99% gi4 tri RMS, di thuong tir trudng sau khi bu déu nho hon 1% gia tri RMS, gia tri RMSE déu
nho hon 1 nT, & murc vai trim picoTesla. V& hiéu qua, thuit toan Interior-Point cho két qua bu tir
truong tot hon thuat toan Active-Set, con thuat toan SQP cho két qua thap nhat & kich ban nay.

Kich ban 13 cuén day cho két qua bu di thuong tir truedng tét nhét trong 6 kich ban, ty 18 giam
RMS géan nhu giam tuyét ddi, tGi hon 99,97%. Gia tri RMSE cua ca 3 thuat toan da giam tir 8
dén 10 1an so vai kich ban 11 cudn day, déu & muac vai chuc picoTesla, trong d6 2 thuét toan
Active-Set va SQP cung ¢ mirc 30 pT va thudt toan Interior-Point & mac 22 pT.

C6 thé thay rang, & ca hai kich ban 11 va 13 cudn day, thuat toan Interior — Point déu thu
dugc hiéu qua bu di thuong tir trudng cho vo tau 13 tét nhat, cac gia tri RMSE sau khi bu déu ¢
muc picoTesla. Vi hiéu qua bu nhu thé nay, cac tir ké c6 d6 nhay & dai nanoTesla khong thé
phat hién duogc cac di thuong tur trudng cua vé tau, va chi véi cac tur ké co do nhay & dai
picoTesla thi m&i ¢ thé phat hién cac muc thay ddi tir trudng nay cia vo tau.

3.3. Hiéu qua bu di thuong tir truwomng

Trong cac kich ban 3, 5, 7 va 9 cudn ddy, ca 3 thuat toan déu cho cac két qua gidng nhau vé
ham chi phi cuc tiéu va gia tri RMSE, ty 1é giam RMS, nén hiéu qua bu di thuong tir ciing giéng
nhau. Kich ban 11 va 13 cudn day, cac thuat toan cho két qua khac nhau gitta ham chi phi cuc
tiéu va gia tri RMSE, kém theo d6 1a cac bd gia tri dong dién khir tir khac nhau theo tirng thuét
toan, hay hiéu qua tang hinh tir truong ciing khac nhau. Trong khuén kho nghién ctru ndy, nhom
tac gia s& trinh bay va danh gia két qua bu di thuong tir trudng cua kich ban 13 cudn day, 13 kich
ban ¢6 hiéu qua bu tir trudng t6t nhat trong 6 kich ban va c6 su khac biét giita 3 thuét toan tdi uu
st dung.

36 T. P. Cuong, V. L. Ha, P. A. Tuiin, “Nghién citu ddnh gid hiéu qud ... cdc thudt todn toi wu.”



Nghién ctru khoa hoc cong nghé

Két qua phan bb dong dién khir tir ctia timg cudn day tinh bang 3 thuit toan dugc trinh bay
trong hinh 3. Theo d6, thuat toan Active-set va SQP dat muc téi wu véi céc gia tri dong dién
gidng nhau, do thu dugc ham chi phi téi thiéu va gia tri RMSE gidng nhau. Trong khi d6, thuat
toan Interior-Point lai dat muc ti wu véi cac gid tri dong dién khac vai 2 thuat toan trén. Tir hinh
3 thdy rang, do 16n cua cac dong dién tinh bang thuat todn Interior-Point c6 sy chénh léch vai
nghin Ampe tai tirng cudn day so véi 2 thuat toan Active-set va SQP, va su khac biét 16n nhat
giira 3 thuat toan 1 tai cuon day L8 va L9, muc chénh Iéch 1én toi gan 4.000 A.
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Hinh 3. Tong hop két qud tinh todn dong dién khir tir ciia kich ban 13 cudn day.

Trong ’khi d6, dau cua cac dong dién thu duoc theo thuét toan Interior-Point c6 su khac biét
véi cac ket qua tinh theo 2 thuat toén con lai. Cu thé, dong dién tai ‘céc cuonday L1, L4, L5, L6,
L7 c6 dau ngugc chiéu nhau, tai cac cuon day con lai thi cing chiéuvnhau. Phan bo cam tng tir
treong tao ra bai tirg dong dién khur tir tinh theo 3 thuat toan duoc thé hién trong hinh 4.
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Hinh 4. Phén bé cam ieng tir ciia tirng cuén ddy khir tir tinh theo 3 thudn todn.

Kich ban 13 cuon day, duong cam tng tir tredng sau khi bu theo ca 3 thuit todn da hoan
toan trung khép véi duong tir truong nén 0 nT, két qua thé hién trong hinh 5a. Vi thuét toan
Interior-Point, mic chénh léch di thuong tir truong I6n nhat chi khoang 89 pT so véi nén 0 pT,
dat cuc tri tai 71 pT & nira duong va -89 pT & nira 4m, nhu trong hinh 5b. Véi thuat toan
Active-Set va SQP, mirc chénh léch di thuong tir 16n nhit vao khoang 148 pT so vdi nén 0 pT,
dat cyc tri tai 119 pT ¢ ntra dwong gidm va -148 pT ¢ ntra 4m, nhu trong hinh 5¢c. Co thé thay
rang, di thuong tir tinh theo thuat toan Interior-Point (nhu hinh 5d) giam nhiéu hon so véi khi
tinh theo thuat toan Active-Set va Sqp (nhu hinh 5e), va déu giam xudng dugi mic nanoTesla.
Do d6, cac tir ké c6 d6 nhay & muc nanoTesla khdng thé phat hién duoc cac thay dbi cua di
thuong tir trudong nhit ndy, chi véi cac tir ké co dd nhay ¢ mic picoTesla mai c6 thé phét hién
cac bién di tir nay cua vo tau.
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Cam (rng ttr cua vo tau trwwdre va sau khi bu theo kich ban 13 cudn day
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Hinh 5. Hiéu qua bu di thuong tir ciia kich ban 13 cudn ddy tinh theo 3 thudt toan.
4. KET LUAN

Nghién ctru nay da sir dung 3 thuat toan tdi wu Active-set, SQP va Interior-Point dé cuyc tiéu
hoa di thuong tir tredng cua vo tau hinh cau dai bang cac cudn day khi tir don truc. Két qua cho
thdy rang, khi tang s6 cudn day khur tir, hiéu qua bu tir truong ting 1én, muc di thuong tir truong
sau khi bu tinh theo 3 thuat toan ciing t6t hon. Trong 3 thuat toan trén, thuat toan Interior-Point
cho két qua tét nhat khi xét dén tiéu chi ti wu hidu qua khir tir treong cho vo tau hinh cau dai va
hé cuon day khur tir don truc theo phuong doc cua vo tau. Tuy nhién, thuét toan nay s& phai tra
gia vé tiéu chi thoi gian (twong ung véi s0 vong 13p l6n) va tiéu chi nang lugng khi quy mo cua
bai toan 16n hon. Do d6, véi muc tiéu toi wu hoa hiéu qua khir tir truong, nhoém tac gia dé xuat
tiép tuc str dung thuat todn nay voi bai toan khtr tir cho md hinh vé tau hinh ciu véi véi nhiéu hé
cudn day khu tir. Két qua cua nghién ctru ndy tao tién dé cho nhom tac gia tiép tuc trién khai cac
dinh hudng nghién ctu, ng dung va phat trién cac thuat toan tbi wu dé tinh toan md phong va
danh gia nang cao hiéu qua cua giai phap khi tir cho cac mé hinh tau cho téi tau thuc té.
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ABSTRACT

Researching assessment on magnetic anomaly effectiveness results
for prolate spheroidal hulls by optimization algorithms

This research presents the results of minimizing the magnetic anomaly of a prolate

spherical hull using 3 optimization algorithms Active-set, SQP and Interior-Point in
Matlab, to optimize the effect of magnetic field compensation by degaussing coils. The
authors approaches the degaussing problem by mathematical models of prolate spherical
hulls and each internal degaussing coil, then uses 3 optimization algorithms to minimize
the cost function of the problem. The optimal results of the 3 optimization algorithms are
compared and evaluated qualitatively in the form of graph observations and quantitatively
in the form of RMSE value of residual magnetic anomaly and RMS value of original
magnetic anomaly. head. The objective of this research is to make comments and evaluate
the minimization results by 3 different optimization algorithms, thereby proposing the
selection of the optimal algorithm suitable for the equivalent hull model.

Keywords: Degaussing Coil; Optimization Algorithm; Active-set Algorithm; Sqp Algorithm; Interior-Point Algorithm.
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