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M, nblU

1.n, nlg ¢ nghi °n c¢_u
Hi " n nay, vic diphlg§tc-hik?2mHinthi€wr

r bit kh.o akhtng Lh[ii ,v_kihtng phrli C
h€ehng ph&p hi u quln MW net, nh3bnh
2 n ntii . w/ nQm_ ttihbp rmHa tBéE tn phat
i n m, cmHiti °bui Wrk Bén, mh rk hk hi m, ¢ ti?°
i Win nhau tr°n miQn tfn s’ Doppl
hon c¢. ¢ L®8mctxgmlnhgh&p hi u qurT
h§t Shci teucénmHt bi Wn. C8c clng tr 3
a rung thing tin phon c¢c. ¢ clng q
Ra @ghm©n c¢. ¢ cho ra nhi Qu nthh&am s’
ntropy (H), L, phon c¢. cph(@abohm), sS
lip (U), g-C8&ch<ehmgn (sd) pwh.om. c. c
h&c nhau L i v,i nhi_,u nQn v~ m,
thw I © ¢ch s° LW cli rna.idatthhd
YWt ra c8c tham s’ phi©nn ct cdmg yt b
c kh8c nhaturdmnht g xda tekmag qu:
rdn hi p ph€hng sai phon ¢, c v.v
Théngt i n ph®©n ¢ ctkE®gc hs udgud PWS
ti°u t. nh Braqn nmdm XEBXTO0.nh”" nghi °n
vi ¢ | a ch n trUng thgi phon ¢, ¢
nhi_ u nQn v~° c¢,a tUp. M t trong
thg8i pho©n ¢ ¢ t i <©u L€ ¢ s d_ng
tri Wnnd n€e th " nh tr€ ng h  p th, c
nQn t UYp phoM! bh3 xlBcnHi nth. v Qm phOn
hith nhi_ u nQn phBe 06 skh#8dngg GAWs 5 «
b, ph8&t hi n phon c¢. c.

Xublt ph8&8t t_. t2nh a@blp tvhii/Jtmom,ga |
l-ng g-p v'o vi ¢ nGng cao kh[ nt
t2ch phln xtdr °hi  WQ dmhitg mbk@N , i BUYN b i
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t "NOomig cao chblt | € ng ph&t hi ' n ¢

s d,ng raothangh©bhhb/]chklpc- T ngho
cao v° ph% h p v, i xu thJ th i
th°m I T thutyd&n mph8§tvQhib"n Wig ¢ ti°
d. ng c8c tham s~ phon ¢ c¢c. n"ng t

tr  ng trong pvhi§tc tnrgihWwn® nv "c tur,i Wn kh
ph©n c¢, c.
2.C8c nlg g-

p c.,a ludn 8n

M t s L-n
t
b

g-p ch2nh c¢c,a |l udn 8§
udt to8&n m, i n©ng cao
tr°n mHt Wn s d_.ng L, KI"8h <ch
d.ng tham s k@-h8khhintbngn itng ch
hi " n m c ti°u tr°n mHt biWn nhe€e
|l Fmttng x8c sublt ph&8t hi n L¥%ng
phg8tKhwi mbkng kh[ nktng ph8t hi n
Kgi "ng v.,i nhi_,u biWn m" khlng
d, ng kb s°’
1€a ra thudt to8n m i nGng cao
°n mHt bi Wn s d_ ng DBPc_la arh cch
u
n

l.n€a r a

ra La. S diprcg tkhhdm nst'ngp ht &t
g ph8t hi " n m,c ti°u tr°n mFH
L.ng | Fm, ttngs x 8w, is ukbhti pchhg't
tham s’ DpRv&t thingn kh[ ntng ph8t
c%ng DoPgis"ng v, inhmhhngumbé¢ Wni °u n
thw phg&8t hi n L€ DoPn/u ch’" s d,
3.B° ¢, é@nl udn

B tuedm<e8m chia th" nchh:€hmhgf,n knift |
v’ kiJfJln ngh’ ', danh m,,c tc§c Id? nug tth



Ch€ehng 1
T ng quan bai toan phéathi n m, ¢ tiéu trén mrubiwi s d. ng
ra L a  ph@bbaitoan nghiéncu
1. 1. . Xgwnghteres u bai toan phat hi n m, c tiéu phin x4
yJ/u trén bQmHun

Trong b"i to&n ph8&t hi ' n m c¢c ti?®
nhi,u ph.,c tUp, xu h<€ ng rpahlglta tr i
ng d,ng c8c thudt tog&n x I T tht

trong t&nlLeéehiuwwn sang shspm, mg Icl§c
thing minh, ¢c8c h” th ng ph.c h'p
h " p v.i ¢8c h" th ng quang h ¢ v~
1.2.T ng quan bai toan phat hin m_ c tiéu s d, ng tham $

phanc c

C8§c thudt to&n phs8&8t hi aoc m.€ a¢i°

chia th" gh[fhaphBpUYith, nhblt |~ s
c.a mlRN, ¥~ m,c ti>uD¥namgginhii_ pmh §m
d,. ng s, mi t[ tham s’ c.a s-ng ph

1.2.1.CacthamXphangcmc t i °u ra La
T2nh chblt m, ¢ tti[° ut hrtan gl aqula€’ nca nt
(MTTX), c¢c- dYng tr “%aMa vt ri dinf@dquanedn J o

v.i ma tmhRmgMbelJinerl" i ma trdn t€h
c. ¢ ph3ngMan ttr prhfMuel I er | i °n qual
phlfn x4 t Lam, c ti°u ra
épx = ” M" éoi (11)
trong, §-1 " v®ck tch aStsocng ph|Mphlax4 v~
ma trdn M;qsuacl_%r?ér-lawzmmn, c c.a m c ti
S Sy

V.i tr€ ng h p ra sktsa.tXah ¢ -c MA]T
s€ mang to"n b, thing tin vQ m,6 c



1.2.2. Thwt toan tach cac thanddy t bin phéan gc tp MTTX
nNW t8&8ch m t tham s~ ph®n c¢c. ¢ n”
to8n khai tri WnVMTTES8m, en, €i t U °wac!

X_ mxapyL hn gin ¢c- thW chuyWn L i MT
L™ i (s=9)p vmaphéoi /Jjn WTimhb[Lo it Xnng
MTTX v, i Im, cLMW2x8&c L nh c8c tr ri

1.3.T ngquancacp h €hn g p h 8npm, @tiBustrén mirti
biwts d. ngthams phanc c¢ atin hi uphfnx4
1.3.1 Bai toan fhat hivh theo tham Xphan ¢c
nw d. ng ph©n rcactlfampg b2in tho8m
m,c ti°u treFfm Ipq@Q [ immHW githQ A n nahank °
c.c c_,a tz2n vhii wuc[phnrhnictébML@n didbarg r
m, ¢ tndg uv MITXm, t
1.3.2.Phat hivh mic tiéu & dAng hép tho tb sX hi p ly tYhg quat
phan ¢c (GLRT)
Chblur %uc b, GIRAGt &N q:

Hy
ma)&am va/v@w{ R(X/Hﬂvp\((Y} > (1 2)

max.{ B(x/ Ho).p, (Y)} <

trongl - ng€© . ng ph8&t hi n.

Ph€hng ph§8p GLRT CLhkimndngi KS§pgOk)
mctéu nHc bi t khi c¢c- th°m k°nh H\
HH, VV L« titng chbli Ic€chg phsgd_ mig
HH, VV.

1.3.3. Phat hivh tau thuyn trén bigh b ngbi |2c khianhiku &L
hinh phan gc (GRPNF)

B, IGP-RNF (GeometricalPerturbatiorPolarimetric Notch
Filten | = m t dUlng th2ch nghi c.a b
(Geometrical Perturbatiof i | t er ) | " m vi trang nh€

khing gi aGPPINFONC -c tchW ph8&t hi n hi



tr°n mHt bilWdwpbdlodicdHe melcbp Wint x
kh*ng gian ph®©n ¢, ¢ c¢c,a ma trdn h
TrongGRPNF, tr<€ ¢ ti°n cfn xO©y d ng

t=Trace(8Gu o @) FL L GGG

\ T (1.3
= &l )1l {1l ) o b e e ) e ) 2
Sau khi bifn L"i, cu'i c¥ng s& t2
1
9= (1.4
’l+RedR—°
PT
trongRedR-" tham s’ v, i RvaRrtdgvW hti’' ns
cho c¢ctng sublt nhi, u nQn v~ m, c ti
V. GPPNF Marinol « t h, ¢ nghi§8tmhkh[h rct8rcg
tiéutautrérmHit bi Wn v, i c8&8c t hmme sMT® h §

(HH* VH) , k°nh ntngDoP.© ng VH, tham
1.3.4 Phat hivh m\c tiéutrénmilt bigh so d\n gi phan ¢c DoP

Reza Shirvany L«DePv ' d,Lng klh, mph@r
DoDLW t £tng L, t€ehng phln c,a v/t d
quanh s d,ng c8c chJ L, Trpthn@n tch &ci
ph©n ¢, ¢ ¢, a s-ng Li " n t_. DPoP.thw I

2
pop=YE*S ¥ (L5)
S
trong=%,5.s.s) ° v®c th Stock.
HoHc c¢c- tthWw teamchna hMToT X b Jung bi W
_/1' é
DoP——/l i /, 2 (1.6)

RezaShirvanf « t h, ¢ nghi m khpoPshong s’
vi ¢ ph8&8t hi'n t"u v" so s8&8nh kI/t
c. ¢ k®y, VHW,HH-VV. KJit qul ch™ ra r
t "u LQu L€ ¢ ph8&tDhdPi n thlng qua
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1.3.5.Phat hivh cac mic tiéu nhy'trén mit bieh so dAng aoa sY

t nttheo thamXphéan ¢c

T8 ¢ aPrigfrinh nay « L Q x ulbjding ghdghm sn”™ ¢ § ¢

m, ¢ tténnfHi Wn d.  a tr °n s kh8&8c nhau

phlfn xY9Y t_. t"u v’™ t_. mHt bi Wn, sal

Xx8c sublt bstohdmn@QFARWP hWith, ¢ hi |

hi " n mMcctlL2ah c¢c,a b, ph8t hi n n

hi " u _ng ph©n ¢ ¢ c¢c_a t u, sau L

s tr€e t.

Thudt to&n c¢c a s tr€ t L€ ¢ t2n
L _< B >Iesl- <Bo>tr iTzz +T33> test <'T22 T@ tr

y (1.7)

<A)>tr <T11>tr
t r on(g VA(-) t €hng trrugngl b3 nh theao kh?r
s th nghi m tv=bg #estcénc §c t Hpmv si

tinhthbhgquana t r dn MT€hng quan
e, T, T; e 240 C+jD H +G
ueé . .
2 b by g %C i B B+E jF4 (1.8)

Khi th ¢ hi n th nag-hik2mch  tihe@, a
LJJnm90kJJjt qul c, a ph€ehng vphi§pc &cr °
ph€hng phg&8p ¥,phé&hng kh8p BPAN, PW

14.H'u ng i pho@mamectiéuhnh pkhil
s elip phan ¢ cK b2ag tin hi u phanc¢ c tron

Trongh ¢ nghiytmAn h nh Lo LY ng tt
trong t2n MRCScymphblwi &M, tt "tham s’
ph©n ¢ ¢ c¢_ca thia®iu:d YnYn g ;Wndcthn g c2 |
m, ¢ ti°umHtJlmbitwn°n(g i |7 m,c ti°u

Hinhll ng v, i g rt€ mghih® u rpHtl nb ixWn \
(khtng ¢+ m,cbtifAg®Evivg HWPmht 2In 1hi
x99 t_. umhg ntih® p (m, diWn9u € -ng hwh
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thay L i mUnh c, a hg sf€ehgph’'spnc
tieutrénmHit bi Wn.

“| ros
Mﬂ-vw‘w*w”w*ﬂ’*mmﬂf“w‘w i gty

Lo K

Hinhl1.1L.Tham s X phmi©mg clxct wg cva t2n
15nHt vbin LQ nghi°n c_u

T.kJJt qulf nghi°n ¢. u v"™ LBnh gi
nghi°n ¢c_.u sinh x8c L nh c¢c8c vbln
1.Khl[To s8&8t kh[ ntng s Ktdngbajtodh  ~ s’
ph&t hi ' n m,c :ti°u tr°n mHt bi Wn
2. Nghi °n ¢c. u L€a ra thudt to8n s’
phonKticreng b"i to&8n ph8t; hi n m
3. Nghi°n ¢c.u Lea_ mag tthudf ctho&muxn
c. ¢ DoP trong b"i to&n :;ph8t hi n
4. Kh[o s8t kh[ ntng ph&t hi n c8§c
L. 1" ch chuXn c, d&«c8&®Q txhudh s ph
Kijludh ch<€hng 1

Ch€ehng 1 L« trQntbh b y ot8nngp hdu e
ti°u tr°n mHt bi Wn s’ d, ng c8c t
thudt to8n Il i°n quan LJ/Jn tham s’

Tr°n c¢ch s° nghi®°n c¢c.u nh_ng Vbl
phgt hi ' n m,c ti°u s d,ngatham
ra tham s ph&t hi n m i, nghi®°n
nghi°n c¢c. u c¢c_,a ludn §n.



Ch€ehng 2
Nghién ¢ ukhl[osats d ngh s elip phan ¢ cK cho bai
toan phat hi n m, c tiéu trén mkHubi
2 . ltbtinmth'ngké¢cah s elipphanc cK
211.ni k h1 gg tifg phan gc phoc
n. khing L3ng (DG @hl©nnk rcghoa

/12' f
m = 21
/12+§ ( )
trongl /, 4l = c8c tr’ ri°mga.ckbaa MTTX m,

2.1.2. HMsXelip phén gc
nfu ti°m " cBn pPh®m c c t trénhaic,  a
kéenhph©n ¢, cbRNVgG@DRA am,,a rm:d at i °u

. _cosa+sing -ies L) a poiesH
P - 2 :t 2 22
" Ccosa- sina. a”éé” _+4§ 22
trondlbL” g-c elip v"™ g-c h€ ng c. a
CDPA | i°n quamchblt cph®fpcldnctanm
|PR|_|_|”Z>| :*/T‘ ‘a”aea _+ (2-3)
Tuy nhiénv i s ¢ . hg CDPA s€ /ghB[dng thuc
do L:- c¢cfn phli bifn L i tuy/J]n tz2n
5 | tang@+£ 81
|PRL| 1_ c 4 =
- =— — ana K (2.4
|PRL|+1 tan%+£ 8+1
¢ 4 =
v KL€ ¢ g i pHom csc¢ elip

2.1.3. Phan IXxac sot cva hMsXelipphédngc t r oepbadnc . s
cxc tron

H' m PDF c¢c, avt rengetti® ng h’ p h’
c.a c8c th” nh phRE® mghomUYangc tr ¢
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A2 (1- K?) .. F ag0- KYb* 1 KYh* g

gl-KY h°@ Ky g | 281 KF 1 KPR gy

W(K,a,,b,h)=

F‘}?& agl- KY 1 KYhD* g2 &  abha- KY @ (2.5)
3 — 2 2 L\”soé 2 e o T
1€ 280-KF 1 KYPh® g g 81- K 1 KYh® g

&bhl- K)? & abh(l-K}

@Ky AL Krn’ €0 k7 @K §

tr on glo, ILlacac ham BsselNh€ vdy h”  msBIpPF c_ a
phonKtcr ang ch s° ph©n ¢, ¢ twma, n ph,
ail” t o, a StCRn hi ph®nteo, ©aigi &b
b=a/ait hW hi ' n cho t2nh chblt( npho©n c

ti°u c, nghnbldithmwWniQin)n cha bhKe twur €
S ph, thu, 25y a0 hc'SgbMmDBInc mi nh
h o4 hinh22.n

-1 08 08 04 02 o 02 04 0.8 0.8 1

Hinh2.1.S ph_, thu, ¢ c_ abvdh® m PDF W

T H3nthh By 1Ir vong h" KL PDFvci ac &c Iso
nQn kh§&c nh alu§ ney®ankADEcc, an htaru€ ng h' |
ti°u ¢, ng nhi_ uPDF@nachhg_ kh®8&nsoh
phg8t hi ' n m,c ti®°u tr°Kc " mQ@n trthmig u
v' ng€e ¢ | Yi
2.1.4. Phan IXxac sot cva hMsXelip phan ¢c X vai nhiku bigh

n" i v, i nbhi fwahbsisWr nénhanPDF c_ a
nhi_ u bi:Wn c¢c- dUng

11



WK, R he) =& ROE-KOEA KF (& K¥ g

: g (2.6)
{g(l- Ky 41 K) g 4R°(L Kz-)z}

4 H m PDF L
bi WnRkvh 8ic nh
trinh bay trén hinh2.2
DUng PDERL i
nhi_ u bi Wn R
thay ReE" ing t
ddng h"m PDF
ng€ ¢ | Yj

Hinh2.2 Wis(Kyn hi _ u b
2 . 2Qxubithud toan phat hi n m, ¢ tiéu trén mrubiwi s
d ngh s elipphanc c
2.21. Lxa chen tham Xphéat hivh
Thams ph8&8th' his'n dI'Kpheb ©Om{2®Wu ct h_
2.2 2 Zxapthuwt toan phat hh mic tiéu trénmilt bigh o
dAng hvisXelip phéan gc
T. biWiytk- -cthW x©y dNKdo Hai€' c
tr€ ng h  pu 6hWnecv nbihim w &iiWn.
23minh ho4 cho tr€ ng h p n'y.
# Thudt to8n phs§t
gl nh€ daong kho'l
KE[11, Dyt K, K JL~
v, i nhi_ Gi bi ®Who
r€e ¢ trong m, t
La (theo cKo | KJ]
n3ym ngo” K, HKgh,oltr
kJJt | udn f @ngJm
c l'y ph®©n gi [i

1

Hinh2.3.Ch Xn ngatn
hi MnKt heo
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2.23. Tinh toan xayxhg i phat hivh hai noc dxa trén HvisXelip
phan c K
Nju s d_, ng t iPemrrrcshomXd[Wgyph &t h
thigkn L€ ¢ ch™ n sao cheEKBK) &Kublt c,. a
trong tr€ ng hbfonghXx8§c: snlth. bShi W
X8c sublt bREBbigng | fm

P =R, #, %WSC(K)dK :-I\/ﬁSC(IQdK .7
L"i v, i nhi_u RrKQm&KRIc"- MAnmHL " bi Wn n
hay néi cach khacK, = Kr. Khi L -
P=P, +, z;ﬁwnb(K)dK 2K=; \fi,, (K) dK (2.8)
X8c suBItRpHD§>t°untgi:;n L Y4n g
P,=1-R, FE Kr':]V\/anm(K)dK (2.9
Ky

V., i Whpin(K),c - dthney bi @®). t h ¢

224 . n & nh mgph& hMx § It ¥as téu timeo thamXé
phéan ¢c K g9 dAng tiéu chun NeymarPearson

NJu WimK) c¢c- 2&)UYnghs3 c- Ppolthad t 2 nh
nge€ ng [hMRENg Wu 2O9hT . c d-- x@WwW d, ng L €
hamtinhPop h, twhHw, ¢ balmhs€ t r24n h3 nh

h=1R=0
1 I v

PR
ogk m b
+
+F 500
81 +* oo GOSHEOORHEOE
vy st

a
0.4
—= P04
—a— P =03
0.2 P

§ P02
—— P01

Hinh2.4.X8c sublt ph8t hi mal¥%ng th
13



Hinh2.4ch™ rRphnghu, ¢ v o LHc tz2n]
hi " u t°  ng c¢., nghbt hV nig ogemna@stnhmiiu gi’ §
t £ n @ottthPén hinl2.4olaPop ht hu, SCR " Csh Hiyh Wt
r VA L ngatkkthnig .

b=4;h=1;R=0
1 T T T

0.8

—#— Proposed method
—B8— Method of Gromov

I L I
] 2 4 6 8 10 12 14 16 18 20
SCR

Hinh25. So sanh PtheoGr omov vph b Wagx um t

tr_yng htp b=4, h=1.

Hinh2.51 © L 8so$anipth&®@S CR ¢, a ph<€ehng ph
v, i phehn@onmmhV@ApC -c tahW t hbly ph<€hng
cho kJt qul[ t°t hhn trong kholng

Kijludh ch<€hng

Trong Ch€ehng 2 nghi®°n ¢c. u sinh |
c.a KL i v,i nhi_u biWn v"™ m c¢c ti
L L« LQ xubltip ptKOAgnchdhasi sé ph
m ¢ ti°u tr°n mHt biWn LY ng th i

d. nigv.hi ph€ehng ph8&8p s d.ng g-
Gromov.

Tuy nhi°n trong phiehng mht8ps’s hd
nh€e x8clLsuogltl pBol ., n, khlng phs8t h
h" Kgi ng Weci ah'nhs’ u biWn. T_. kIt
sinh L« L€a ra c8c gili phg8p cfli
mHt biWn m° s&€ L€ ¢ tr3nh b y tro
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Chehdg
n QxuHl thudk toan phéat hi n m, ¢ tiéu tréen mhubii s d. ng
L, I'ch chun ¢ atham s phanc c

31.S d ngl, I'chchi¥rgah s elipphan ¢ cK nh3n
nang cao clil * hg@hat hi n cac m c tiéu trén mHubivd

3 . 1 .irglxc nghién ou

Trong pNCBIhQ nX wblt t huldt It oddn ash u X1
h' eipph©nKtcr@ang b~ i t ot@wtrépniHg t bh iWnn

3.1.2nzZxatsodAn gi INth ché n cva hVeXK cho bai toan phat
hiMh MAc tiéu trénnilt bich

B'i to&8nlphgt@ Moyttt rtomch hai gi
t huefJkKhtng ¢c- m, ¢ H;{Cu)myve giFu)dh
.
FHO. S>> £ (3.1)
THl: SK¢‘§9

Vv k¥lang€. ng tchheae hliKgal @€ ca ch™ n d. a t
sublt b8o L., ng | fm y°u cfu.
1.1.3.Phat hivh mhc tiéu trénnilt biGh theo MMsX K va (i vai cac
mAc tiéu khac nhau
Trong phfn n"ycs phOng bnhiRay i keii W

m, c SweringOv, i c&a -h'giss tr _krhgcl 'n:ha
0,846; 0,8; 0,75:0,857
Hinh 3.1at h bly L urignWi i uc -bigWwng8 txblp | . n

X b3yng 0,4 v~ ° kh?!ngg LK hlkcklhai nS @R
ti°u c, ngphnphihwwni tstow®€ ng h° p ch’ ¢
Khi so s8nh ph-€hnkgalp (hibhp3.1t h Hy n g
rung x8c sublt ph8ikchd hhb¥ny¥2kdj
=0thi,°1vaSCR khlng [nh € ng nhi Qu I
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Kmt1 =0.846; Klmz =0.8; Krm3 =0.75; Km|4 =-0.857 Kq;ﬂ]; P_=0.064, KﬂfD.MG. K =D.. K =.75,K =.57

—— Nhiéu bién
—&— Mygc tieu 1 0.9
Muyc tigu 2

=== Myc tigu 3 0.8
—&— Muyc tigu 4

P=0.064

P2 =10
—*—K-Muyc tiéu 1
—#—K-Muc tiéu 2
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