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Toém tit

Nghién ciru nay trinh bay vé viéc chan doan sirc khoe két cau ciia dam chiu tai trong di dong thong qua dit ligu
duong anh huong cta chuyén vi. Ung xir cia mot két cdu dam dong chat dai 2,2 m chiu tai trong di dong duoc
tinh todn dua trén phuong phép phz‘?m tur hiru han. Danh gia tinh trang hu hdng bao gém chén doan su xuét hién,
vi tri va murc d6 suy giam d6 cimg. Dit liéu chuyén vi ciia ddm & trang thai chudn va trang thai hu hong duoc
truy xudt tir mo hinh tinh toan. Sau dé, hai chi sé Root Mean Square Deviation (RMSD), va Mean Absolute
Percentage Deviation (MAPD) duoc tinh toan dé danh gia su twong quan giira hai duong anh huong chuyén
vi ddm & hai trang thai khao sat, tir d6 xac dinh sy xuét hién va vi tri cua hu hong. Véi muc dich chan doan
duge mirc do suy giam do cimg, hai chi s trén duge dé xuét cai tién thong qua cac bude chuan hoa, vé biéu do,
khoanh ving hu hong, va x4c dinh ngudng hu hong. Két qua cua cac kich ban khao sat trong nghién ciru nay
déu c6 do chinh xac gitra thyuc té va chan doan 1a trén 90% va su déng thuan déu & murc trung binh hoac tdt.

Tir khod: chan doan stic khoe két ciu; duong anh hudng chuyén vi; suy giam do cing; dam.

DETECTING STIFFNESS DETERIORATION IN BEAM-TYPE STRUCTURES THROUGH DISPLACE-
MENT INFLUENCE LINE DATA

Abstract

This study aimed to evaluate the structural health of beam-type structures exposed to moving loads using dis-
placement influence line data. Initially, the behavior of a 2.2 m long beam exposed to a moving load is estimated
using the finite element method in order to analyze the degradation of the beam on three levels: appearance,
location, and degree of stiffness reduction. For assessment, the displacement data of the beam in the presumed
non-damaged condition (standard state) and the state to be evaluated for damage are received from the computa-
tional model. Root Mean Square Deviation (RMSD) and Mean Absolute Percentage Deviation (MAPD) indices
were calculated to investigate the correlation between two influence lines of beam displacement in the two states
of data collection. These indicators aid in determining the presence and location of damage, as demonstrated by
the findings of this study. In addition, for the purpose of defining the severity of deterioration, it is suggested to
improve the RMSD and MAPD indices through standardization, charting, damage zoning, and threshold cal-
culation. In this investigation, the assessment In this investigation, the assessment scenarios demonstrated an
overall fact-to-diagnosis accuracy of greater than 90%, with a consensus ranging from moderate to very good.

Keywords: structural health monitoring; displacement influence line; reduction in stiffness; beam-type struc-
tures.
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1. Gioi thiéu

Khoa hoc céng nghé trong nganh xay dung da va dang phat trién manh m&. Cac cong trinh 16n
nhu nha cao tang, cau treo, sdn van dong va nha may ngay cang dugc xdy dung v6i quy mé 16n hon.
Mot trong céac loai cong trinh c6 cong ning quan trong trong viéc van hanh hang hoa trén khap thé
gidi 1a dang nha kho phan loai phuc vu cong tac logistics trong nganh quéan 1y chudi cung tung. Viéc
quan sat va theo doi chét luong két cu clia cac cong trinh nay 14 rt can thiét dé dam bao chirc ning
st dung cua chiing. Céc su ¢6 diam bi hu hai trong cac nha may, nha kho néu xay ra s& dan dén cac
hau qua nghiém trong béi cac dam nay khong chi chiu tai trong tinh tir hang hda ma con chiu tai dong
do hé théng thiét bi, dic biét la cac xe van chuyén, xe nang. Bdo tri lién tuc cac két cau cua cong trinh
1a cong tac thiét yéu dé dam bao an toan va kéo dai tudi tho ctia chung.

Rytter [1] dé xuét ba cdp bac danh gia hu hong vao nam 1993 bao gdm chan doan sy xuat hién
hu hong, vi tri hu hong va mirc d6 hu hong. No6i cach khac, muc tiéu cia cac phuong phap chan doan
hu hong 1a x4c dinh dugc sy hu hong da xay ra, vi tri va mirc d6 nghiém trong. Hai nhom ddi tuong
nghién ctru chinh cua linh vuc theo ddi va chan doan stre khoe két cau 1a Gmg xir dong hoc va tmg xtr
tinh hoc ctia két cau can chan doan. V& mit nghién ctru g xtr dong hoc, mét sé phuong phép chan
doan hu hong két cdu dam dya trén cac dic trung dao dong da dugc nghién ctru va phat trién hién nay
bao gdm: Phuong phéap dua trén sy thay ddi ctia tan s (frequency change - based damage detection
method), dang dao dong (modal assurance criterion), d6 cong dang dao dong (mode shape curvature
- based damage detection method), do ctmg va tin s (stiffness, frequency change - based damage
detection method), ning luong bién dang (modal strain energy - based damage detection method),...
Céc vi du vé& nghién ctru thong qua nhitng phwong phap da néu nhu Adams va cs. [2] d3 danh gia tan
s6 ciia dam thong qua viéc ap tai trong dong cho thi nghiém uén ba diém vao nim 1978. Mot ndm sau,
Cawley va Adams [3] d4 st dung tan s6 tu nhién dé du doan khuyét tat cho cdu kién tim nhom phang.
Niam 1991, Pandey va cs. [4] nghién ctru vé d6 cong dang dao dong trong dim cong-xon, két qua cho
thy su thay d6i do cong dang dao dong ty 16 thuan voi mire d6 hu hong cua két cdu. Stubbs va cs. [5]
trinh bay mot phuong phap dya trén viée giam ning lugng bién dang ciia dang dao dong (tir két qua
do dang dao dong) giira hai mé hinh két ciu c6 nhiéu bac tu do vao nam 1995. Mot phuong phap dwa
vao nang lugng bién dang dé xac dinh vi tri va udc tinh mirc d6 hu hong trong két cu dam véi mot
vai tan sb va dang dao dong dugce Kim va cs. [6] d& xuat nim 2003. Yazdanpanah va Seyedpoor [7]
da dua ra mot chi s6 dé chan doan vi tri hu hong bén trong két cu dim bang cach st dung do cong
duong chuyén vi vao niam 2013. Hai nam sau, Cha va Buyukozturk [8] dé xuat mot phuong phap chan
doan hu hong trong két cdu str dung thuat toan t6i wu da muc tiéu dua trén su thay ddi cua ning luong
bién dang trong két cdu. Nam 2019, Khatir va cs. [9] trinh bay bai toan chan doan vi tri va mirc d6 hu
hong qua hai buéc cho két cau dam. Téac gia dua ra phuong phap chan doan vi tri hu hong dwa vao chi
tiéu danh gia hu hong cé té€n normalized modal strain energy indicator (nMSEDI). Sau ba nam, Feng
va Liang [10] da phat trién cong nghé dwa trén hiéu tng ap dién dé chan doan strc khoe két cau. Van
trong nam d6, nhom nghién ciru Li va cs. [11] da gidi thidu phwong an tich hop hé thong cam bién
soi quang, cam bién dién ap, dinh vi toan cau dé chan doan stc khoe két ciu cau Zhijiang (Hangzhou,
Trung Qudc).

Bén canh céac dac trung vé dong hoc cua két cau, cac dic trung tinh hoc ciing cé thé thu dugc
chinh x4c va nhanh chéng tir nhimg céng cu hd trg it ton kém vé chi phi. Cac phuong phap phat hién
ra sy hu hai dya trén thong s6 tinh d3 thu hut duoc su quan tAm cua nhiéu nha nghién ctru trong nhiing
nam qua. Tir ndm 1982, Sheena va cs. [12] gidi thi€u phuong phap phén tich dya vao viéc giam do
léch giira thuc té va ddi tuong phan tich ma tran d6 cimg dé do dugc chuyén vi giam xudng. Sanayei
va Onipede [13] da dé xuat mot phuwong phap chinh xac dé tinh cic théng sé cua phan tir két cau tir
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cac dir liéu thi nghiém tinh vao ndm 1991, vi du nhu viéc 4p dung tai tinh va do chuyén vi. Hai ndm
sau, Banan va cs. [14] dd dé nghi mot phuong phap dua vao viéc xac dinh cac thong s6 hu hai cia
mdi phan tir tir chuyén vi do tai trong tinh cho trudc. Phuong phap mé ta sy thay dbi cua chuyen vi
tinh véi bac tu do dinh trudc bang cach giam thiéu su chénh léch gifra véc-to tai cua két cau co pha
hoai va khong pha hoai ciia Bakhtiari Nejad va cs. [15] vao ndam 2005. Abdo [16] da thi nghiém khao
sat cac thong sd bang cach sir dung dudng cong chuyén vi dé xac dinh vi tri hu hong vao nam 2012,
két qua cho thiy rang su thay doi ciia duong cong chuyén vi c6 thé duoc sir dung 1a mét chi s6 hiru
hi€u, tham chi c6 kha nang chi ra vi tri cia phén tur bi gidm mot lugng nhd d6 cung. Nam 2017, Ha
va Fukada [17] d4 gi6i thiéu chi s6 dwa trén chuyén vi (DBI) nhu mét phuong phap xéac dinh hu hong
str dung su thay d6i hinh dang chuyén vi dé phat hién hu hong két cdu ctia mé hinh dam bé téng Gmg
suét trude (PC). Tuy nhién, DBI chi st dung dit li¢u dau vao c6 duge tir tai trong tinh va khong xét
dén tai trong di dong. Hai ndm sau, Won va cs. [18] thuc hién giam sat chuyén vi bing may bién ap
vi sai bién ddi tuyén tinh (linear variable differential transformer - LVDT) dé danh gid hu héng dam;
Ono va cs. [19] di dé xuat phuong phap phat hién hu hong cho ban bé tong cdt thép cua cau du’ong
bd bang dudng anh huéng cia chuyén vi. Cling trong nim nay, dudng anh hu(mg ctia chuyén vi tiép
tuc duge Maki va cs. [20] nghién ctru dé danh gia sy suy giam d¢ clng ciia dam ciu bé tong cdt thép
lién hop ¢ khu vue mién nti. Gan day, Zhang va cs. [21] d4 cong bd phuwong phap giam sat chuyén vi
két cAu duya trén ving nhan dang két hgp hé thong mang no-ron vao nam 2021.

Trong nhitng nim gan day & Viét Nam, nhiéu nghién ctru vé phuong phap chan doan hu hong cia
két cdu ciing da dugc cong bd va dang trén cac tap chi va hoi nghi khoa hoc. Vé cac phuong phap sir
dung cac théng sb dong lyc hoc, HO va cs. [22] da nghién ctru du doén lyc cang trudce cua bé tong ing
suét trude bang dic trung dao dong va phuong phap dong nhat vao nim 2012. Mot nam sau, Phuong
phap sir dung tré khang dé do tim hu hong trén dam ciing duoc Nguyén va cs. [23] thuc hién va cho
két qua thuc nghiém trén ddm nhém cong-x6n. HO va cs. [24] trinh bay phuong phap chin doan hu
hong trong két cau dam véi cac didu kién bién khac nhau, sir dung phuong phap nang lugng bién dang
duoc kién nghi va ap dung thanh cong cho bai toan dam don glan va bai toan ddm cong x0n vao nam
2018. Hai niam sau, Cao va cs. [25] d& xuat mot phuong phap chan doan hu hong vé ca vi tri va mirc
d6 ctia hu hong cho két cdu tAm thong qua quy trinh chan doan hai bude. Tiép tuc trong nim d6, Cao
va cs. [26] tiép tuc phat trién phuong phéap ning lugng bién dang dé chan doan hu hong trong két ciu
tam. Bén canh nhitng nghién ciru trén tng xtr dong hoc cta két cdu mot s6 nghién ciru sir dung ing xtr
tinh hoc ctia két cdu dugc phat trién. Nam 2011, Tran va cs. [27] trinh bay céac két quél kiém tra thuc
nghlem dé khang dinh phuong phap xac dinh vi tri, do sdu vét suy giam d9 ctng ctia dam c6 mot hoic
nhiéu vét suy glam d6 cling bang phan tich Wavelet cac chuyén vi tinh hoan toan co thé dung trong
thuc té. Cac két qua nghién ciru nhan duoc 1a co sé cho viée xay dung mot phuong phap don gian va
hiéu qua dé xac dinh vét suy giam do cimg trong cac két ciu hé thanh. C6 thé noéi trong nhirng nim
gan day tai Viét Nam, cac nghién ctru vé chan dodn stic khoe két ciu ciing duge chii trong.

Nghlen cuu nay dua tren duong anh huong cua chuyén vi dé danh gia sy suy giam do cimg cua
dim ddng chat. Cac chi s6 danh gia hu hong khong chi tap trung vao nhimg thay doi trong duong anh
huong chuyén vi dé chan doan sy xuét hién va vi tri cia hu hong ma con tir cac chi sé nay phat trién
phuong phap cai tién nham xac dinh bé rong ving suy giam d cimg, dong nghia voi danh gia mirc
d6 hu hong. Pau tién, cac chi s6 chan doan sir dung cac dudng anh huong chuyén vi 1am dit liéu dau
vao duoc khao sat trong kich ban dam c6 hu hong gia dinh giita nhip. Sau d6, vi tri cling nhu mtrc d6
suy giam do cimg duoc thay d6i dé khao sat sy hiéu qua ciia phuong phép trong viéc chan doan hu
hong. Ngoai ra, bg ba chi s6 A, B, C [28] va chi s6 K [29] ciing dugc tinh toan dé danh gia do chinh
xé4c clia phuong phap chian doan. Phuong phap phat hién va xac dinh vi tri hu hong dva trén duong
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anh hudng cua chuyén vi.
2. Phuwong phip chin do4n
2.1. Puong anh huong cia chuyén vi

Puong biéu thi cac gia tri cua mot dai luong bat ky (phan lyc, mo-men, luc cit, luc doc hodc
chuyén vi) tai mot vi tri nao do khi mét tai trong tap trung bang don vi c6 phuong va chiéu khong doi
di chuyén trén két cau goi 1a dudng anh hudng. Chuyén vi nut tai dieém j (Hinh 1) ctia dam chiu tai
trong di dong Py dich chuyén theo toa do x; (Hinh 2) ¢ trang thai ban dau va trang thai hu hong lan
luot dugc cho bdi phuong trinh sau:

1, = [y = [(01:0,) () (e 00 0
IF? = [xk’ ”71«] = [(xl’ ”?1) ’ (x2’ ”?2) e (x"+1’ ”fj)(nﬂ))] )

trong d6 x; 1a toa do diém dat luc cua tai di dong Py; u;k, u?k( Lk=1->n+1) lan luot 12 chuyén vi
nt ctia dam trang thai ban dau va trang thai hu héng.
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Hinh 2. Minh hoa dudng anh hudng cua chuyén vi tai vi tri trung diém ciia ddm

2.2. Chi s6 Root Mean Square Deviation (RMSD)

Root Mean Square Deviation (RMSD) 1a mét chi ) théng ké duoc str dung dé danh gia sy khac
biét giita cac gid tri dit lidu & hai trang thai khac nhau. RMSD dugc tinh bang cach lay cin bac hai
cta trung binh binh phuong d6 1éch giita cac gia tri dir liéu binh thudng va gid tri can chan doan. Nam
1995, Sun va cs. [30] sir dung RMSD giita gi4 tri hai giai doan truc va sau khi hu hong xay ra dé
danh gia su hu hong trong két ciu hé gian thép. Nam 2016, Liang va cs. [31] ding chi s6 RMSD nhén
xét hu hong trugt giita bé tong va két cAu thép trong két cdu bé tong thép lién hop. Nghién ctru nay
st dung dudng anh hudng cua chuyén vi ciia dam lam dir liéu ddu vao dé tinh toan chi s6 RMSD. Do
d6, chi s6 RMSD duoc tinh theo cong thirc nhu sau:
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trong do u;k, u‘fk( Jk=1->n+1) lan luot 1a chuyén vi niit cua dam trang thai ban dau va trang thai
hu hong; n 14 s6 14n do chuyén vi tai diém dang xét. Khi RMSD = 0, két cdu khong c6 hu hong tai vi
tri dang xét. Vi RMSD > 0, két cdu c6 hu hong tai vi tri dang xét. RMSD cang nho thi sy khac biét
gitra cac gia tri dit li¢u va gia tri du doan cang it, va m6 hinh du doan cang chinh xac.

2.3. Chi s6 Mean Absolute Percentage Deviation (MAPD)

Giurgiutiui va cs. [32] da str dung mot phwong phap thong ké chi s6 hu hong 1a tri tuyét ddi ty 18
d6 1éch trung binh (Mean Absolute Percentage Deviation - MAPD) dé danh gia sy hu hong trong tim
tron nhém vao nam 2002. Tiép d6 nam 2017, Li va cs. [33] da st dung chi sé MAPD dé danh gia su
hu hong téach 16p khi str dung vat liéu FRP thay cho c6t thép trong két ciu BTCT. Trong nghién ctru
nay, chi s6 MAPD giita hai gia tri va (i = 1,2,3,, n) truéc va sau hu hong duoc xac dinh nhu sau:

d
1 - ]k - ujk]
MAPD = - _— 4)
" JZ:; [”ﬂc]

trong do ui.k, u‘j.k( hk=1->n+1) lan luot 1a chuyén vi niit cua dAm trang thai ban dau va trang thai
hu hong; 7 13 s6 1an do chuyén vi tai diém dang xét. Khi MAPD = 0, két ciu khong c6 hu hong tai
diém dang xét. Vi két qua MAPD > 0, két cdu c6 hu hong tai diém dang xét.
2.4. Chudn héa cdc chi s

Gia tri chuan hoa dugc sir dung dé cai tién cac chi s6 RMSD va MAPD, va dugc biéu dién dudi
dang biéu dd duong va két hop v6i ngudng hu hong dé tim ra bé rong ving suy giam do cimg. Xem
toan bo cac chi s6 chura chuan hoéa (chi s6 thuan) 1 tap hop X nhu cac gid tri ngau nhién vé6i phan phdi
chuén, ta co:

x _ Xj— HIXj]

J O'[Xj] ()

trong d6 X;(j = 1 — n + 1) la gia tri ting phén tir cia tap hop X; u[X ;114 gid tri trung binh cua tap
hop X; o[X;] 1a do 1éch chuén cta tap hop X. Pinh vi hu hong duoc thuc hién sau khi c6 canh bao hu
hong xudt hién. Z;( s€ dugc so sanh voi ngudng hu héng Z,,.

2.5. Khoanh viing nghi van hie hong

Trude tién, diém khoanh ving trudc (KVT) va khoanh ving sau (KVS) ctia ving nghi van c6 hu
hong dugce xac dinh dya trén sy thay doi dot ngdt ciia cac chi sé thuan. Thur ty trudce sau cua diém
khoanh vung phu thude va chiéu chuyen dong cua lyc don vi. Su thay ddi dot ngot cua chi s6 thuan
duogc xac dinh dua trén do dbc ctua dudng ndi cac chi sb thuan, biéu thi biang cong thirc (6):

Ajjiv1 = Xl%xXl (6)
trong d6 X;, X4 1an luot 13 gid tri chi s6 thuan tai vi tri 1dy diém dir lidu thir i va i + 1; Ax 1a khoang
cach giira hai vi tri ldy diém dit liéu (Hinh 3).

Piém KVT va KVS dugc chon so bd thudc hai doan d6 dbc 16n nhét khi so sanh tat ca gia trji 4o
dbc d3 xac dinh. Thém vao do, viéc xac dinh diém KVT va KVS khong chi dua trén doan c6 d dbe
16n nhat ma con ké dén do ddc cua cac doan lién trude KVT va lién sau KVS. Néu do 16m do doc cua
céc doan lién ké nay lén hon 1/3 gia tri do dbc 16n nhét thi doan déy duoc tinh thudc khoanh ving
chira hu hong. Néu d6 ddc cua cac doan lan can khong dap ung duoc diéu kién trén, thi KVT va KVS
s& duge xac dinh dya trén hai doan c6 dd ddc 16n nhat da xét.

51



Vy, D. N. T., va cs. / Tap chi Khoa hoc Cong nghé¢ Xay dung
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(e) Xac dinh khoanh vung hu hong
Hinh 3. Céac budc khoanh vung chira hu hong

2.6. Biéu do chan dodn

Céac chi s6 thuan dugc chuin hoa dua trén cong thue (5) dung cho viéc chan doan mtrc do hu
hong. Biéu d6 chi s6 chuan héa dugc thé hién bang cach ndi cac diém gia tri chi sé chudn hoa tao
thanh duong thang lién mach. Sau d6, cic phan duong thang mang gia tri 4m duogc lay ddi xing qua
truc hoanh cua biéu dd dé tao thanh duong chuin héa chan doan (Hinh 4). Theo Hinh 4, phdn 4m cua
gia tri chuin hoéa thuoc doan AB va CD, phﬁn duong cua gia tri chuén hoa thudc doan BC, phén tri
tuyét d6i cuia gia tri chuan hoa thudc doan A’BCD”.
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Hinh 4. Minh hoa thanh phén gia tri trong biéu d6 chuan hoa
2.7. Nguong huw hong

Trong nghién ctru nay, ngudng hu hong (Z,) dugc dé xuat 14 hiéu ciia gia tri chuan hoa 16n nhat
va do 1éch chuan cua céc gia tri chuan hoa duong, va dugc xac dinh theo cong thirc (7):

Z, = max(Z;) - std(Z;r) 7

trong d6 Z, 1a ngudng hu hong; max(Z;) 1a gia 16n nhét chi s6 chuan hoa trong khoanh ving hu hong
(thudc doan ABCD trong Hinh 4); std(Z;) 14 d6 1éch chuén cua cac chi s6 chuin héa duong (thude
doan BC trong Hinh 4). Ngudng hu hong lac nay duoc thé hién 1a duong thang song song véi truc
hoanh c6 tung do Z,. Dua vao sé diém giao cua dudng ngudng hu hong va duong chudn hoa chin
doan nam trong vung nghi vén ¢6 hu hong, chiéu dai doan dim gia dinh suy giam d6 cirng duoc xac
dinh theo bdn truong hop sau. Vi trudng hop Hinh 5(a), giao diém cia ngudng hu hong va duong
chuén héa chin doan nam ngoai ving nghi vin hu hong, chiéu dai doan dam suy giam do cing la

T

(¢) C6 2 diém giao (d) C6 hon 2 diém giao

Hinh 5. Cac trudng hop xét s6 diém giao ndm trong ving nghi van hu héng
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khoang cich gifta hai diém KVT va KVS. Véi truong hop chi ¢6 1 diém giao nam trong ving nghi
van (Hinh 5(b)), chiéu dai doan dam suy giam do ctng 1a khoang cach giita diém giao nam trong
vung nghi van (diém H) va giao diém (diém S) gitta dudng ngudng hu hong va dudng khoanh ving
(KVT hoac KVS) gan nhat voi dlem glao con lai cua duong ngudng hu hong Va dudng chuan hoa
chan doan nim ngoal ving nghi van (diém K). Vi truong hop c6 hai diém giao nim trong vung nghi
véan (Hinh 5(c)), chiéu dai doan dim suy giam d6 ctng 1a khoang cach giira 2 giao diém cta duong
ngudng hu hong va duong chuan hoa chan doan (diém H va K). Véi truong hop Hinh 5(d), khi s6
giao diém nhiéu hon 2, chiéu dai doan dam suy giam d6 cimg duoc xét boi 2 diém giao giira dudng
ngudng hu hong va dudng chudn hoa chan doan c6 khoang cach xa nhét.

3. Phwong phap danh gia d chinh xéc ciia chian doan

3.1. Béchisé 4, B, C

Vao nam 2023, Ha va cs. [28] da dung bo chi s6 A, B, C nhiam danh gia do chinh xé4c ciing nhu
hiéu qua ctia phuong phap do cong dudng bién dang. Ap dung cho nghién ctru nay, ba chi s6 A, B, C
duoc sir dung dé danh gia d¢ chinh xac ctia phuong phap chan doan. Trong d6 A, B, C lan luot 1a do
chinh xéac phan tir suy giam do ctimg, d6 chinh xac ving khong suy giam va do chinh xac tong thé, va
duogc dinh nghia nhu sau:

Do chinh x4c ving suy giam d cimg: A 14 ti s giira chiéu dai doan dim suy giam d6 ctng chan
doan nam trong doan dam suy giam d6 cting gia dinh voi chiéu dai doan suy giam d¢ ctrng gia dinh.

Do chinh xac viung khong suy giam d6 cing: Ngoai viéc danh gia d6 chinh xac cia phuong phap
chan doan cho ving suy giam do cing, can phai danh gia cho ca ving khong suy giam do cing va
toan bo chiéu dai dam. D¢ chinh xac cho ving khong suy giam B 1a ti s giita chiéu dai ving khong
suy giam do cimg chin doan véi chiéu dai ving khéng suy giam d6 cung gia dinh.

Do chinh xac téng thé: Mang tinh d4nh gié chung cho téng thé toan bo chiéu dai dim. Do chinh
xéc tong thé C duoc dé xuét v6i y nghia bang tong do chlnh xé4c chan doan vung suy giam d6 cing va
vung khong suy giam dg cirng nhan vm trong s6 cta mdi ving. Trong sb cia mdi ving (suy giam do
clmg, khong suy giam do cung) 1a ti sé gitta chidu dai ving suy giam d6 cting hodc khong suy giam
do cung thuc té voi chiéu dai toan bd diam, va duoc tinh nhu sau: Do chinh xac vung suy giam do
cung, chi sb A:

Lpred,in

A= x 100% (8)

Lcrack
Do chinh xac vung khong suy giam d¢ cung, chi s6 B:

Lo, pred

B= x 100% 9)

o,crack
Do chinh xac tong the, chi so C:

Lo,cmck

C=A><LCZ‘C"+B>< (10)
trong d6 Lpeq,in 12 chiéu dai ving suy giam do cimg chan doan nam trong ving suy giam do clng
thuc t&; Le,aer 12 chiéu dai vung suy giam d¢ cung thuc té; Lo prea 12 chiéu dai vung khoéng suy giam
d6 cing chan doan (d loai bo ving suy giam d9 cimg chan doan nam ngoai pham vi viing suy giam
do cting thuc té); Lpredour 12 chiéu dai vung suy giam do ciing chin doan nim ngoai vung suy giam
dd cing thuc té ; Lo crack 12 chiéu dai vung khong suy gidm d6 cling thyc té. Pac biét véi truong
hop 2 (Hinh 6(b)), d6 chinh xac ving khong suy giam d6 cimg chi sé6 B = 100% khi Lyredour = 0
Va Ly pred = Locrack- Va v6i truong hop 3 (Hinh 6(c)), d6 chinh xdc ving suy gidm d¢ cimg chi )
A = 100% khi Lpreqin = Lerack-
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o,crack Lﬂ'a'ck Lu,rmrk
A A

JA)
s

\'4
opred pred,c pred, in pred, out opred

(a) Truong hop 1: M6t phin ving nirt chin doan nim trong ving nurt thue té

o,crack I’r:'a('k Lo,cmrl’
A A

-

@]
J

v A —A Jr_v A v

o,pred pred,c pred, in pred,c o,pred

(b) Trudng hop 2: Toan bd vang nit chdn doan nidm trong ving nut thuc té

Lu,rmrk Lﬂ'ac'k Lu,rmrk
A A
r Y Y N
JA) @)
L L L' . I
o,pred pred, eut ‘pred, in pred, out o, pred

(¢) Trudng hop 3: Toan bd ving nit thyc té ndm trong ving nut chin doan
Ghi chii:
é;;’gif; Poan dim hur hong dugc khao sat
i Poan dim hu hong chin dodn

Hinh 6. Cac trudng hop danh gia chi s A, B, C ting V6i cac vi tri kha thi cua bé rong
vung suy gidm d¢ cung chan doan

3.2. Chisé K (Cohen’s Kappa Coefficient)

Bén canh ba chi sb trén, nghién ctru nay gidi thiéu chi sé K tir thng ké Cohen’s Kappa cong bd
trong Cohen [29] giup do dac d6 dong thudn giita cac thanh phan dinh tinh. Chi s6 K dung dé danh
gia muc do théng nhét cua két qua chén doan va thuc té. Su kién (“xay ra” hodc “khong xay ra”) duoc
hiéu 1a tinh chét cta phan ttr (“co6 hu hong” hodc “khéng hu hong”) trong mé hinh chan doan cia
nghién ctru nay. Khi phan tir bi hu hong (do suy giam d¢ cting) nghia 1a sy kién xay ra, ngugc lai phan
tir van nguyén ven (khong suy giam do cimg) 14 su kién khong xay ra.

_P,-P,

K= 11
1_P, (11

trong d6 K 1a chi s6 Kappa; P, 1a ty 1& quan sat hai dit liéu déu cho két qua gidng nhau (ca hai cing
hu hong hodc khong hu hong); P, 1a ty 1¢ gidng nhau ngiu nhién. Chi sé K luén nho hon hoic bang 1.
Gia tri nho hon hodc bang 0 cho biét rang trinh phan loai 1a vo dung, khong c6 cach chun hoa nao dé
dién giai cac gia tri cua nd. Landis va Koch [34] cung cap mot cach dé mé ta cac gia tri nhu Bang 1.

Viéc xac dinh P, duoc thuc hién theo nhiéu phuong phép khac nhau tuy thudc vao muc dich danh
gi4 ctia nghién ctru. Trude d6, Goodman va Kruskal [35] dé xuat P, 1a gia tri trung binh cuia hai dir
liéu. Tuy nhién trong nghién clru nay, ty I¢ quan sat hai dit liéu duwoc danh gia theo mot phuong phap
khac, dugc goi 1a ma tran nham lan (confusion matrix). Ma tran nham 1an 1 dd thi truc quan cua hai
yéu t6 khao sat va trong gidng nhu mot cu trac gidng bang. Hinh 7 trinh bay tan suét cua 4 t6 hop:
TP (true positive), TN (true positive), FP (false positive) va FN (false negative). True (dung) chi su
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Bang 1. Phén loai danh gia chi s6 K

Nho hon 0,2 Dong thuan thap

T 0,2 dén 0,4 Déng thuan dudi trung binh

Tir 0,4 dén 0,6 Dong thudn trung binh, vira phai
Tir 0,6 dén 0,8 Dong thuan t6t

Tur 0,8 dén 1,0

Pong thuan rat tot

tuong hop, khi két qua phan loai phii hop véi gia tri thuc té. False (sai) chi sy bat xtmg hay nham lan,

khi mé hinh phan loai nham so v&i thyuc té.

Thuyec t& (True Class)

Cé hu hong
(Positive)

a
(TP)

C6 hu héng
(Positve)

Khéng hu hong
(Negative)

Khéng hu hong
(Negative)

(TN)

Téng

a+b

c+d

Chuan doan (Predicted Class)

b+d N

Hinh 7. Minh hoa mé hinh ma tr4n nham 13n 4p dung cho nghién ctru

Theo mo hinh ma trin nham 14n, ty 1 quan sat hai dir liéu cho két qua gidng nhau P, va ty 1¢ phu

hop mong muon P, duogc xac dinh nhu sau:

_a+d

P, N

Pe= ——

Voi:

PO _ (a+b)x(a+c)

¢ N

PO+ Y

(12)

(13)

(14)

N _ (c+d)x(b+d)
PV =

N

(15)

trong d6 P 1a ty 1¢ ddng thuan nglu nhién cho su kién “xdy ra” 1a c6 hu hong; PV 1a ty 1& ddng
thuan ngau nhién cho sy kién “khong xay ra” 1a khong hu hong.
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4. Bai toan ap dung va phén tich két qua chin doan

Dbi tugng khao sat trong nghién ciru ndy 1a dim dong chét c6 mat cit tiét dién 200x300 mm, dai
2,2 m, khoang cach hai goi tya l1a L = 1,6 m bang phan mém SAP2000 gom 88 phan tir dai 25 mm,
chiu tai di dong tir trai sang phai ciia dam (Hinh 8). Bang 2 thé hién thong s6 vat lidu bé tong ctia dam
ddng chat.

Bang 2. Thong s6 vé vit liéu

Cuong do chiu nén cua bé tong 35,81 (MPa)
Mo6-dun dan hoi ciia bé tong 28,43 (GPa)
Khdi lugng riéng clia bé tong 2500 (kg/m®)
Hé s6 Poisson ctia bé tong 0,167

P, (Téi di dong)

—_—
(Phuong chuyén dong)

(a) So db tinh bai toan

1 1/ N S T TS £ SR * S £ S SR / B | N
(b) Danh sb niit cho dim

)Y (I (B () () (B3 () (3 () (7 () (%)

OISEOXOROIORORGXOIOROIOXOROXO

300

(c) Péanh s6 phan tir cho dim
Hinh 8. So d6 tinh bai toan dam don gian

Hai kich ban hu hong dugc gia dinh dé khao sat sy hiéu qua ciia phuong phap chan doan. Hu hong
duoc gia dinh béng cach giam d6 ctg tai mdt hoac nhiéu phﬁn tir. Cu thé, kich ban SO1 (hu hong
giita nhip) dugc mo ta bang cach thay thé cac phan tir (PT) tir PT40 dén PT49 véi d6 cing giam di
20% so v6i ban dau (Hinh 9(b)). P& danh gia hiéu qua cua phuong phap dbi voi hu hong léch nhip,
kich ban S02 duoc gia dinh bang cach thay thé cac phan tir tir PT51 dén PT55 véi d6 cung giam di
tuong tu kich ban SO1.

Gia tri duong anh huong cia chuyén vi duoc léy tai nhitng diém c6 toa d6 0,5 m, 0,7 m, 0,9 m,
1,1 m, 1,3 m, 1,5 m so v6i ddu dam. Hay noi cach khac, cac diém ldy dir liéu duoc chon c6 khoang
cach1a L/8 =0,2 m. Két qua dit liéu duong anh hudng ctia mot kich ban bat ky 1a tap hop nhiéu duong
cong thu dugc tir viéc do dac & cac vi tri khac nhau. Hinh 10 thé hién dudng anh hudng cia chuyén
vi tai vi tri 1,1 m ctia d4m & ba trang thai khac nhau. Trong d6 SO0 mé ta duong anh huong chuyén Vi
ctia dam & trang thai khde manh (trang thai ban déu).
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100% E.
P D]
(a) Dam khong hu hong (S00)

100% E, 80% E, 100% E,
/N D]

(b) Dam hu hong gitra nhip (S01)

100% E, 80% E, 100% E,
AN D]

(c) Dam hu héng 1éch nhip (S02)

Hinh 9. M6 ta hu hong bai toan dam don gian phan tir thanh
Vi tri 14y dit liéu (m)

0.3 0.5 0.7 0.9 1.1 13 15 17 1.9
0.0E+00 : : : : : : : !
-1.0E-06
-2.0E-06
-3.0E-06
-4.0E-06
-5.0E-06
-6.0E-06
-7.0E-06
-8.0E-06
-9.0E-06

Gia tri duong anh huong (m/kN)

—Dém khong hu héng (S00) ----Dam hu hong gitra nhip (S01) — DAm hu hong 1&ch nhip (S02)

Hinh 10. Dudng anh huéng chuyén vi tai vi tri 1.1m cua dim & cac trang thai ban ddu va c6 hu hong

4.1. Két qua chin dodn véi chi sé thudn

Hinh 11 va Hinh 12 1an luot thé hién két qua tinh toan chi s6 RMSD va MAPD ciia truong hop
S01 véi hu hong dugce gia dinh tai vi tri gitra nhip. Dya vao Hinh 11 va Hinh 12, két qua tinh toan chi
s6 RMSD, MAPD dang cao tai cac phan tir gia dinh ¢6 hu hong va ¢ xu hudng giam dan khi di xa
ving hu hong. Suy ra, chi s6 RMSD va MAPD c6 thé chian doan dugc vi tri cta cac phan tir gia dinh
hu hong. Tuy vy, biéu dd chan doan st dung chi sé thuan (RMSD va MAPD) chua thé hién duoc

0.10 0.097 0.10
005N o8 S~
. ~ 0.082
0.08 ~ % ™NQ076 0.08 00T TN
0222/ § \\0.070 0 OGV \Q(ﬂ]
o \ ] 0.06L_—r Q004
0.06 \ A 0.06
a \ o
: \ 3

0.04 § 0.04
\

0.02 § 0.02
\
N :

0.00 N 0.00

05 07 09 11 13 15 17 05 07 09 11 13 15 17
Vi tri ly dit liéu (m) Vi tri 14y dit liéu (m)
D C6t chi s6 RMSD D C6t chi s6 MAPD
N Cét chi s6 RMSD 16n nhit | Cot chi s MAPD 16n nhét
Hinh 11. Biéu d6 chi s RMSD (S01) Hinh 12. Biéu d6 chi s6 MAPD (SO01)
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chiéu dai ctia ving gia dinh hu hong (hay mirc ¢ hu hong trong nghién ctru nay), do 6, phuong phéap
can c6 nhitng nghién ctru cai tién.

Khoanh ving hu héng duoc xac dinh bang cong thirc (6) véi Ax = 0,2 m. Theo Hinh 13, ¢ot (0,9
—1,1) va cot (1,3 — 1,5) 12 hai c6t c6 gia tri d6 doc 16n nhat. Thém vao do, cac cot 1ién ké hai cot nay
gdm ¢t (0,7 —0,9) va cot (1,5 —1,7) ¢ gia tri dd dbc 16n hon 1/3 1an (~ 33,3%) gia tri do doc cua cot
16n nhét. Do d6, khoanh ving hu hong dugc mé rong thém ra hai cot lién ké nay va ving nghi vn
¢6 hu hong dugc xac dinh thude doan dam tir 0,7 m dén 1,7 m. Di vé6i chi sé MAPD (Hinh 14), viéc
khoanh ving hu hong ciing cho két qua tuong ty.

0.07 0.066 (100%)

0.058 (88.1%
0.06 0.055 (83.3%) ,(, %)

0.05
0.042 (63.3%)
0.04 777

0.029 (43.7%) 0.031 (46.6%)

0.03

0.02

Do dbe tir chi sé6 RMSD

0.01

T s
S SR
SRR SRR
SRR SR

2

0.00 - -
05-07 07-09 09-1.1 1.1-13  13-15

Vi tri hai diém 14y tvong quang (m)
Hinh 13. Biéu db d6 ddc chi sé RMSD (S01)

0.07

0.060 (100%)
0.06 7 0.056 (92.7%)

0.052 (85.5%)
0.05 ’

0.04 0.038 (63.5%)

. 0.031 (51.1%)
0.03 0029 (47.5%) ]

0.02

Do dbe tir chi s6 MAPD

0.01

0.00 A ] ,
05-07 07-09 09-1.1 11-13 13-15 15-17
Vi trf hai diém 14y turong quang (m)

Hinh 14. Biéu db d6 ddc chi s6 MAPD (S01)

4.2. Két qud chan dodn b(ing phwong phap cadi tién

Gia tri chudn hoa cac chi s6 RMSD va MAPD dugc xac dinh theo cong thuce (5) va thé hién &
Bang 3. Tiép d6, biéu dd chuédn hoa chan doan duoc xac dinh bz"mg viéc ndi cac diém gia tri chuin
hoa va lay tri tuyét dbi ciia phan 4m thudc ving nghi van c6 hu hong (doan dam tir 0,7 m dén 1,7 m).
Sau do, ngudng hu hong duoc tinh toan theo cong thire (7). Voi max(Z;) = 1,624 va std(Z;) = 0,623,
ngudng hu hong cua chi s6 chuin héa RMSD 1a Z, = 1,001. Tuong tw, v6i max(Z;) = 1,607 va
std(Z]) = 0,602, Z, = 1,005 1a ngudng hu héng ciia biéu do chan doan véi chi s6 chuan hoa MAPD.
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Bang 3. Gia tri chuén héa cac chi s cua kich ban S01

Vi tri (m) RMSD chuén hoa MAPD chuan héa
0,5 ~1,172 ~1,165
0,7 -0,633 -0,600
0,9 0,393 0,418
1,1 1,624 1,607
1,3 0,844 0,851
1,5 —0,241 -0,252
1,7 -0,815 -0,859

1.624

Gi4 tri chudn hoa cia RMSD

Vi tri 4y dir ligu (m)

-+-RMSD chuén hoa --Diém dbi ximg
- -Khoanh viing tir do déc — Ngudng chin doan
«=Chiéu dai phan tir hu hong chuin doan 4#-Chiéu dai phin tir hu hong gia dinh

Hinh 15. Két qua chan doan bé rong ving nirt dya trén chi s6 RMSD (S01)

Hinh 15 thé hién két qua chan doan bang chi s6 RMSD chuan hoéa. Dya vao biéu d6 nay, duong
ngudng Z, cat ngang dudng chudn hoa chan doan tai 2 diém nam trong khoanh ving nghi van hu
hong (doan dam tir 0,7 m dén 1,7 m). Khoang cach hai giao diém ciing chinh 12 doan dam hu hong
chan doan duoc, két qua cho théy doan dim nay dai Lyreq = 261 mm (V6i Lpeqin = 226 mm va
Lyredour = 35 mm) 1éch 4,2% so véi chiéu dai doan dam hu hong gia dinh Leacx = 250 mm. Chiéu
dai viing khong suy giam d6 cting chan doan (di loai bo ving suy giam do ctng chan doan nam ngoai
pham vi viing suy giam do cimg thuc té) L,, pred = 1315 mm, chidu dai ving khong suy giam do cing
thue té Lo crack = 1350 mm. Danh gia bang bo chi sé A, B, C theo cong thirc (8), (9), (10) cho két qua
thu duoc gia tri A = 90.5%, B = 97,4%, C = 96,3%. Ap dung mé hinh ma tran nham 14n cho két qua
chan doan dua trén chi s RMSD cua kich ban S01, giatria,b,c,d,N lan luogt duoc xac dinh 1a 226
mm, 35 mm, 24 mm, 1315 mm, 1600 mm. Ty 1¢ quan sat hai dit li€u cho Kkét qua giéng nhau P, =
0,963, ty 1& déng thuan ngiu nhién cho su kién “xdy ra” 1a c6 hu héng P = 40,8, ty 1¢ ddng thudn
ngau nhién cho su kién “khong xay ra” 1a khong hu hong P(eN) 1129,9, ty 18 phu hgp mong muébn P, =
0,732. Luc nay, chi s6 K = 0,864 thé hién sy dong thuén tbt.

Hinh 16 thé hién két qua chan doan bang chi s6 MAPD chuén hoa. Tuong tw, doan ddm hu hong
chan doan c6 chiéu dai 1a 260 mm, léch 4,0% so véi chiéu dai gia dinh 1a 250 mm. Két qua cac chi
s6 danh gia lan luot 1a A = 90,5%, B =97,5%, C = 96,4% va chi s6 K = 0,865 ciing thé hién sy dong
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Vi trf 1y dit ligu (m)
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Hinh 16. Két qua chan doan bé rong ving nirt dua trén chi s6 MAPD (S01)

thuan t6t. Khi so sanh két qua chan doan & truong hop SO1, két qua chan doan Lyreq cua chi s6 RMSD
va MAPD gan nhu nhau (chénh 1éch 0,16%). Do chinh xac tong thé C (RMSD = 96,3%, MAPD =
96,4%) cho thay két qua chan doan rat gan vai thuc té. Bén canh d6, so sanh bang phan loai chi s6 K
thi ca hai chi s6 déu nim ¢ murc “dong thuan rét t6t” (> 0,8).

Két qua chin doan véi hu hong duge gia dinh 1éch nhip S02 khi ap dung chi s6 chuin hoa RMSD
va MAPD duoc lan luot thé hién ¢ Hinh 17 va Hinh 18. Két qua chan doan cho thiy rang chi s chuin
héa RMSD va MAPD ciing chén doan dugc chiéu dai doan ddm c6 hu héng. Cu thé khi so véi chiéu
dai suy giam do cing gia dinh 1a 125 mm, két qua chan doan bang chi sb chuan hoa RMSD xac dinh
doan dim hu héng co chiéu dai 1a 273 mm, léch 54,2%, tuong tu Kkét qua chén doan béng chi s6 chuin
héa MAPD xéac dinh doan dam hu hong c6 chiéu dai 1 264 mm, 1éch 52,7%. Do chinh x4c ciia phuong
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Hinh 17. Két qua chan doan bé rong ving nirt dya trén chi s6 RMSD (S02)
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phap chin doan ciing dugc xac dinh dua trén chi s6 A, B, C va K. Két qua cho thay ddi v6i phuong
phap tinh dira theo chi s6 chuan héa RMSD 14 A = 100%, B = 90,0%, C = 90,7% va chi s K = 0,583
& mirc dong thuan trung binh, twong ty cho chi s6 chuidn héa MAPD 1a A = 100%, B = 90,5%, C =
91,3% va chi s6 K = 0,599 ¢ mirc dong thuan trung binh.
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Hinh 18. Két qua chin doan bé rong ving nirt dua trén chi s6 MAPD (S02)

Dua vio Bang 4 xét cho trudong hop hu hong 1éch nhip (S02), phwong phap st dung chi s6 chuin
hoa RMSD va MAPD cho két qua do chinh xac tong thé C lan lugt 1a 90,7% va 91,3%, cho thay hiéu
qua cta phuong phap 6 muc kha tot. Tuy vay chi so K cling trong truong hop trén lai cho két qua danh
gia chi & muc trung binh, gia tri tng vdi chi s6 chuan hoa RMSD, MAPD lan luot 1a 0,583 va 0,599.

Bang 4. Gia tri chi s6 danh gia d6 chinh xéc cho 3 truong hop khao sat

RMSD MAPD
Truong hop

B C K A B C K
S01 90,5%  97.4%  96,3% 0,864 90,5%  97,5%  96,4% 0,865
S02 100%  90,0%  90,7% 0,583  100%  90,5%  91,3% 0,599

S02 (15 diém) 100%  97,2%  97,4% 0,844 100%  96,7%  97,0% 0,821

4.3. Anh huéng cia sé lwong diém ldy dir liéu dén phirong phdp chin dodn

Dua vao két qua khao sat dam bi suy giam d6 cing tai vi tri gitra nhip va léch nhip, phuwong phap
da chimg minh hiéu qua chan doan mirc d6 hu hong gia dinh nhung dbi véi truong hop léch nhip két
qua van chua kha quan vi mac d6 dong thuan cua chi sé K van ¢ mirc trung binh. Nhim muc dich
mo rong nghién ctu va cai thi€n do chinh xac cua truong hgp trén, nghién ciru thuc hién khao sat
kich ban 1éch nhip dugc ting diém thu thap dir liéu dudng anh hudng tir 7 diém 1én 15 diém, khi nay
Ax=L/16= 0 1 m.

Khi ting s6 diém lay dir liéu, ving nghi vin hu hong du:orc gii han ngén lai dong thoi chidu dai
phan tir suy giam d6 clng chan doan cung glam xudng gan voi gla dinh hon (Hinh 19 va Hinh 20)
céc chi s6 danh gia do chinh xac ciia két qua chan doén A, B, C 1dn K déu ting. Do do, khi 1y nhiéu
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diém dir liéu hon két qua chan doan s& cang ngdy cang chinh xac hon. Chi sb C lan lugt dat 97,4% va
97,0% g vdi chi s6 RMSD va MAPD, tuc 1a tang thém 6,7% va 5,7% so voi két qua c6 dugc khi
chi str dung 7 diém lay dir lidu. Bén canh do, chi s6 K ciing thay ddi tir ddng thuan trung binh thanh
ddng thuan tot. Nhan thay khi ting diém ldy dir liéu s& gitp két qua chan doan tdt hon, nhung thuc
té s6 diém lay dir liéu phu thudc vao tinh kinh té cua du 4n. Trong hai kich ban khao sat trén du chi
s6 K cua kich ban léch nhip thé hién marc do déng thuan trung binh nhung déu c6 gia tri gﬁn can trén
ctia phan loai trung binh (tién dén 0,6) cho thay phuong phap c6 hiéu qua nhét dinh. Vi thé, 7 diém
dir liéu dudng anh hudng cua chuyén vi van phu hop véi phuong phap dé xuat.
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Hinh 19. Két qua chin doan bé rong ving nirt dua trén chi s RMSD (S02-1)

Gié trj chuan hoa ciia MAPD

Vi tri 1y dit liéu (m)
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- -Khoanh ving tir d6 déc — Ngudng chin doan
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Hinh 20. Két qua chan doan bé rong ving nirt dya trén chi s6 MAPD (S02-1)

5. Két luén

Nghién ctru ndy d& xuét phuong phap chan doan hu hong cho dam don gian dong chat sir dung
dudng anh hudng cia chuyén vi. Két qua dwa trén hai trudng hop khao sat duoc tong hop nhu sau:
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- Chi s6 thuan ctia RMSD va MAPD c6 thé dugc sir dung dé xac dinh vi tri hu hong. Tuy nhién,
Kkét qua dua trén cac chi sb thuan ndy van chua thé két luan duoc muc do hu hong;

- Phuong phép cai tién sir dung cac chi sb chuin hoa ciia RMSD va MAPD c6 kha ning chan doan
mirc d6 hu hong véi d6 chinh xac cao;

- Tir biéu d6 chan doan nhéan thdy nhing dit liéu dugc liy gan doan dam hu hong c6 gia tri thay
d6i nhay cam hon so véi cac diém & xa hon. Do d6, néu sir dung s6 luong diém dir liéu hop li bang
cach dat ching gan khu vuc nghi van hu hong trude d6 c6 thé s gitp tang do chinh xac ciia két qua
chan doan;

- Khi ting sb lwong diém lay duong anh huong chuyén vi, phwong phép cai tién cho két qua chan
doan chinh xac hon;

- Két qua cho thiy, phuong phap danh gia 6 chinh xac bang ma tran nham 1an (confusion matrix)
két hop véi chi s6 K cho két qua khat khe hon bo chi s6 A, B, C trong viée danh gia do chinh xéac cua
muirc d6 hu hong chan doan.

Tuong lai, nghién ciru c6 thé tiép tuc phat trién dé ting do chinh xac bang cach thay ddi ving
khoanh ving hu hong va tir 6 x4c dinh ngudng hu hong chuan xac hon. Bén canh dé viéc xem xét
s6 lugng diém dir liu thu thap hop li co thé nghién ctru thong qua sy tuong quan véi vat liéu, kich
thude, hodc lién két cta ciu kién.

Loi cam on

Chung t6i xin chan thanh cam on su hd tro vé thoi gian va co so vat chét cua Truong Pai hoc
Bach Khoa (PHBK), PHQG-HCM cho nghién ctru nay.
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