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Along with the rapid development of trade, the number and load of
vehicles crossing the bridges have increased significantly. As a result,
these structures deteriorate quickly and are at a high risk of damage,
posing safety hazards for both people and vehicles. This paper proposes
a solution for assessing the structural condition of bridges by analyzing
structural displacement data sets using the K-means unsupervised
learning algorithm. The bridge states were monitored through a sensor
network that measured vibration amplitude, acceleration, and flexing.
The monitoring sample sets were analyzed using a danger threshold
determination method and clustering structure condition data with the
K-means algorithm. The results of the structural condition assessment,
based on the silhouette coefficient, were divided into three optimal data
clusters that correspond to healthy, normal, and abnormal structural
conditions. These feasible results validate the effectiveness of the
proposed solution, forming a solid foundation for practical
implementation.
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Su phat trién nhanh chéng cua giao thwong dan dén phuong tién luu
thong qua cau dudng bo gia ting ca vé sb luong va tai trong. Do do,
c4c cong trinh nhanh chéng xudng cép va c6 nguy co hu hai cao, giy
mat an toan cho ngudi va phuong tién. Bai bao nay dé& xuat giai phap
danh gi4 tinh trang cu trac ciu dudng bo dua trén phan tich tap di
liu chuyén vi két cau véi thuat toan hoc khong giam sat K-means.
Trang thai cong trinh dwgc quan tric boi mang cam bién do luong
bién do rung, gia toc, va d6 udn cua cac tru cau. Dir liéu quan tric
dugc phan tich voi phuong phép xéc dinh ngudng nguy hiém va phan
cum dir lidu tinh trang cong trinh bang thuat toan K-means. Két qua
danh gi4 trang thai cong trinh véi hé sb silhouette duoc phan thanh 3
cum dir liéu t6i wu, twong Gng tinh trang tét, binh thuong, va bét
thuong. Cac két qua kha thi dd minh chirng hiéu qua giai phap dé
Xuit, 1a co s& trién khai trong thuc té.
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1. Gioi thiéu

Cong trinh cau duong bd dong vai tro quan trong trong hé thong ha tang giao thong va van tai.
Cung voéi sy phat trién khong ngimg cuia van chuyen hang hoa di dan dén tai trong va mat do luu
thong ctia phuong tién ngiy cang gia tang, din dén qua tai cho cac cong trinh ha ting, giy nguy
hiém cho ngudi va tai san khi luu thong. Do d6, cac cong trinh cdu duong bd (CDB) khi dua vao
khai thac can trang bi h¢ théng giam sat tinh trang cau triic cong trinh (CTCT) nham dam bao
tinh toan ven cuia két cau theo thoi gian. Panh gia su bién doi vé CTCT thudng xem xét trén 2
nguyén nhén chinh la sy mat lién két cia vat liéu trong két cdu va sy bién d6i do 6n dinh tong thé
cua cau trac. Do do, cac nghién ciru trong danh gia tinh trang cong trinh ciing duge phan chia
thanh hai nhom tiép can 1a md hinh khong cau tric va md hinh ¢6 ciu tric.

Nhom tiép can thir nhét tap trung huéng danh gia su suy giam lién két cac vat liéu cia két cau
theo thoi gian, c6 thé giy ra cac nguy hai [1]. Trong d6, phuong phap tinh todn moi két hop tham
chiéu cac dic diém lién két co hoc dugc ap dung trong xac dinh tinh trang CTCT [2]. Hon nira,
van dung cac thuat toan tbi wu va thong minh nham hiéu chinh d6 nhay cua tin hiéu do luong [3]
cung la giai phap s dung phé bién. Tuy nhién, viéc gia ting d6 nhay tin hiéu ciing dan dén
khuéch dai bién d6 nhidu va sai léch trong két qua déanh gia nén cac phuong phap trén chua mang
tinh kha thi. Nhom cac nghién ctru vé mé hinh co6 cAu trac quan tim dén qua trinh mo hinh héa
cing nhu phan tich trang thai chiu lyc cua két céu nham xac dinh va du bao cac hu hong co thé
xdy ra [4]. Nhing thay d6i vé dic tinh co hoc két cau biéu hién dudi cac hinh thirc khac nhau nhu
vét nut, nghiéng hay dich chuyén theo thoi _gian lam giam d¢ vimg chéc tong thé cua két cau.
Nhirng bién d6i vé ciu triic duoc xac dinh bang sy suy giam d6 o6n dinh thé hién qua nhiing thay
ddi vé kich thudc hinh hoc, hinh dang, hodc bién dang cau truc [5]. Uu diém cua céac phuong
phap trén 1a cung cip cac danh gia kha chinh xac vé moi lién hé gilta cac dap ung cua hé thong
co hoc dbi véi timg dang bién d6i cau triic khac nhau.

Tinh trang c6ng trinh dugc quan tric thong qua mang cam bién (MCB) b6 tri tai cac khu vuc trong
yéu nhu try cau. Khu vye try cau tip trung nhiéu thanh phan luyc tac dong, ma bat ctr dao dong bt
thuong nao ciing gdy nguy hiém cho nguoi va tai san khi luu thong. Danh gia téng quan duoc nguy
hai c6 thé xay ra cho cong trinh cdu dudng b [6] s& gitp xac dinh sém nguy co hu hong va nang cao
tudi tho ctia cong trinh [7]. Cac k¥ thuat hién dai di dwoc ap dung rong rii trong gidm sat tinh trang
CTCT. Trong d6, cac thuat toan hoc sau da dugc 4p dung nham phén tich tinh trang clia cong trinh
voi cac bo dir liéu quan tric dugc phan loai va xac dinh tinh trang bat thudng [8]. Hon nita, CTCT
ciing can duogc gidm sat theo thoi gian thuc két hop voi thudt toan thong minh dé cai thién do chinh
xac cho viéc giam sat [9]. Nham gia ting tinh linh hoat trong trién khai trén nhiéu cong trinh khac
nhau, phuong phap hoc chuyén giao [10] va tong hop dir liéu cho MCB phén tan [11] dugc dé xuat dé
phén tach dit liéu bat thuong va dit liéu phan hoi khi cac cam bién (CB) bj 15i, qua do6 ting cudng hiéu
qua déanh gia. Tuy nhién, qua trinh danh gid chua thuc hién phan tich trén tap dir liéu 16n va hop nhét
nhiéu dang tham s do luong [12] 1a nhimg diém con han ché trong cac nghién ctru trén.

Nghién ctru nay phat trién giai phap thu thap dir lieu MCB két ndi theo cum va ap dung thuat
toan hoc khong giam sat K-means phan cum dit li¢u tinh trang CTCT, qua d6 sdém phat hién nguy
hai gitp khai thac cong trinh hi¢u qua va an toan. Poéng gop chinh ctia bai bao nay nhu sau:

(1) Thiét lap MCB do luong chuyén vi cua CTCT, duogc bb tri tai cac khu vuc try ciu nhim
thu thap céac dit liéu vé bién do rung, gia tdc va do ubn theo thoi gian.

(2) Phan tich tinh trang CTCT v6i tham sd ngudng canh bao tham chiéu theo tiéu chuin
TCVN 7378:2004 [13], tir d6 dua ra canh bao khi gia tri do luong vuot ngudng cho phép.

(3) Phan cum dit lidu quan tric st dung phuong phap hoc khong giam sat K-means trong cac
truong hop thir nghiém tir tinh trang t5t dén bét thuong.

Bai bao duoc t6 chirc gdm 4 phan, voi Phan 2 mé ta vn dé trong xac dinh tinh trang CTCT va
dé xuit giai phap danh gia dya trén phén tich tap dit liéu quan tric tir MCB. Phéan 3 trinh bay céc
két qua thir nghiém va dua ra thao luan. Cac két luan ctia nghién ctru dugc trinh bay trong Phén 4.
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2. Phuwong phap nghién ciu
2.1. Thiét lap vin dé

MANG CAM BIEN QUAN TRAC TINH TRANG CONG TRINH CAU DUONG BO TONG HOPVA LUUTRD CANH BAO VUQT NGUOGNG

1 T ™ T T ”IIIIII
T T o g 101 —
()

B xir Iy trung tam

Hinh 1. Tong quan hé thong quan trdc va danh gid tinh trang cdu triic cau dwong bo

Cac tru cau la khu vuc chiu lyc chinh trong ket céu cong trinh va truyén tai trong tir bé mat
ciu xubéng nén méng. Trong qua trinh khai thac néu khong dugc bao du'orng thuong xuyén va van
hanh dudi mat d6 phuong tién luu thong 16n s& ddn dén CTCT bi chuyén vi 10n, c6 thé xay ra giy
do Trong bai bao nay, cdc tinh trang cua cong trinh dugc xdc dinh thong qua cac gia tri do luong
vé chuyén vi tai cac khu vure quan tréc. Nham xac dinh tinh trang tong thé cau trac cau duong bo,
MCB duoc thiét 1ap tai cac khu vuc tru ciu theo cum dlem do luong. M&i cum bao gdbm mdt nut
cum (CH) va céc nit do ludong lap & céc vi tri trong yéu. CH chiu trach nhiém thu thap dir lidu tur
cac CB trong cum va gii vé tram xu ly trung tdm. He thong danh gia tinh trang cau tric cu
duong bd, mo ta chi tiét tai Hinh 1, duoc xay dung theo hai giai doan nhu sau:

e Giai dogn I: Thiét lap MCB giam sat chuyén vi cac tru ciu theo thoi gian, véi dit lidu do
ludng tai cac cum CB dugce truyén vé tram xtr Iy trung tim ESP32-S3 dé giri 16n may chu luu trit
dudi dang cac tap s6 liéu CSV.

e Giai dogn 2: Tram giam sat trung tAm trich xuat cac tap dir liéu theo chu ky dé tién hanh
phan tich theo ngudng trén moi trudng Matlab (Kich ban 1). Tiép theo, cac tap dit liéu dugc hop
nhit va true quan hoa theo cac mién khong gian 3D (3 tham s6), nhdm phan cum dit liéu theo cac
tinh trang céng trinh vdi giai phap hoc khong giam sat K-means (Kich bdn 2).

2.2. Mang cdm bién do lwong tinh trang cong trinh

Céc ngoai luc tir phuong tién luu thong cling nhu anh hudng mdi truong s€ gay ra cac dang
chuyén vi cho CTCT, dan dén két cAdu mat 6n dinh. Tuy thudc vao miac do chuyén vi ma CTCT
¢6 thé phuc hdi duoc trang thai ban dau hodc dan dén khung hinh hoc bi bién dang. Trong bai bao
nay, moi try cau lap dt j cum c6 i diém CB, véi trang thai do ludng dugc mo ta boi [14]:

X, (t+D) =y (®)X, 1)+ W,©),t=12,...N 1)

Trong do, X;; e R™™" biéu thi cho véc-to trang thai do ludng tai thoi diém t véi s6 luong mau N.
Wij(t) 1a gia tri nhleu CB tai thoi diém t, va w(t) 12 ma tran chuyén vi cua Zj; tai thoi diém t dén
t+1. Xem xét cau trac dong hoc H(t) cia MCB, gi4 tri do ludong duge xac dinh nhu sau:

Z; (t) = H(1) X;; (£) + v (1) )
Két qua do ludong Z;i(1) bi tac dong boi nhiéu v;(t) 1am suy giam do chmh xéc. Cac diém CB ij
giri dit liéu dén CH tong hop dé truyen vé tram xur ly trung tam [15]. Sau mdi chu ky, cac dlem ij

duogc kiém tra dé tro thanh CH nhim dam bao can bang ning luong giita cac diém [16]. Néu gia
tri nho hon ngudng T(n) thi diém do6 tré thanh CH, gia tri T(n) dugc xac dinh [17]:

0 neG
T(n)= P neG 3)
1-Px(rmod(1/P))
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Véi r 1a chu ky hién tai cia qua trinh do luong, va G 1a tap hop cac nut tr¢ thanh CH. Moi
diém trong cum déu co6 kha ning tré thanh CH trong thoi gian (1/P), trong d6 gia tri T(n) tang
dan theo mdi chu ky 1/P. Gia tri T(n) = 1 thi cac diém s& khong dugc chon trd thanh CH.

2.3. Phan tich dir liéu tinh trang cdu dwong bé sir dung thudt todn hoc khéong gidam sdt

Phat trién cac phuong phap hoc khong giam sat, dién hinh 1a thuat toan K-means, mang lai
hiéu qua cao dua trén kha ning phan tich dit liéu ma khong phai gin nhin nhung van thu dugc
két qua chinh xac. Thuat toan K-means hoat dong theo nguyen ly phan chia dir liéu thanh cac
cum dya trén cac gia tri tuong ddng. Tap dit lidu chuyen vi bao gom cac gia tri do luong X = {Xy,
X2,.+.5 Xn} €O N ) luong dit liéu phan thanh k cum ban dau [18]. Cac diém dir liéu duoc hiéu chinh
phu thu{)c khoang cach dén tim gan nhat nham cap nhat gia tri trung binh cho cac diém dang xét.
Méi diém méi phan vao cum k c6 khoang cach dén tam (x; - my) voi muc tiéu ||x; - my||% dé dat gia
tri nho nhét [19]. Cac diém phan vao cum k; duogc gén nhan y; = [Vin, Viz, ..., Yik] €0 khoang cach
duoc xac dinh:

2 K 2
Yik ”Xi - M ”2 = le Yii "Xi -m; ”2 4)
J=
Khoang cach trén toan bd tap dir licu dén tﬁm cac cum dugc dinh nghia nhu sau:
LMY= - )
i=1 j=1
Trong do, Y = [V, Y2, ..., Yn] biéu thi nhin timg diém dir liéu gan tdm cum M = [my, m,, ...,
my]. Ham t61 wu dugc mo ta boi:

Y,M =argmin, ,, iiyij % —mj||z (6)

i=l j=1

K
Thoa diéu kién y; € {0,1} vij; D'y, =1 Vi. Khoang cach gita mdi diém dén tam cum [20]:
j=1
a(i)—|— > di. ) 7)
i jemi=j

Véi a(i) 1a khoang cach trung binh giira diém i véi cac diém dit liéu khac trong ciing mot cym.
S6 diém trong cum i la m; va d(i,j) dai dién cho khodng cach gilta cac diém dir liéu i va j trong
cum M;. Khoang cach giita mdi tim cum dugc tlnh toan bdi:

b(i):mlnkﬂ | | Zd(l J) (8)
k| jemy
Trong do, b(i) 1a khoang céach trung binh cua i dén tat ca cac diém trong cum khac. Phuong
trinh xé4c dinh chi s6 silhouette (i) danh gia chat lvong mdi cum duge xac dinh nhu sau:
. b(i)—a(
s(i) = M (9)
max(a(i), b(i))
Gia tri s(i) nam trong khoang [-1,1] tuong duong gan bang 1 cho thiy diém dir lidu dugc phan

cum dat chét lugng. Néu gid tri gan tién vé -1 thi diém dit liéu da duoc phan cum chua dat chat
luong. Hon nita, gia tri S(i) nho hon 0 thi gia tri cum khac phu hgp hon so vai cum hién tai. Ta co:

1-a(i)/b(i), if a(i)<b()
5(i)40, it a(i)=b() (10)
b(i)/a(i)~1, if a(i)>b()

bé xac dinh diém x; thudc cum K theo z = [Zi]nxc, VO Zix E{O 1}. Qua trinh phan tich dir liéu thu
thap tir CB duoc thuc hién theo Luu d6 giai thuat thé chi tiét trén Hinh 2.
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Hinh 2. Luu do gidi thudt phan tich dir liéu bang thudt todn K-means

3. Két qua va thao luan

Nghién ciru nay thiét 1ap MCB quan tric trén 3 tru cAu trung tim bao gdbm j = 3 cum va i = 3 CB
mdi cym. Tai mdi thoi diém do luong, khoi xir 1y trung tim ESP32-S3 (240 MHz) nhan di ligu ti |
cum voi ix]j gid tri gui [én may chu. Tép dit liéu duoc tién xur Iy qua bg loc ¢6 chirc nang giam tac
dong thoi gian tré va nhleu moi truong, sau do chia thanh 90 chu01 s liéu luu trix ‘trong moi tap
CSV. Qué trinh quan trac thyc hién trong 3 ngay voi 18 lan do mdi ngay tir 6h00 dén 23h00. Mbi
1an do kéo dai trong 10 gidy va cach nhau 60 phut, twong tng cac thoi diém mat do luu thong
phuong tién khac nhau. Bai béo thiét 1ap cac giai phap danh gia trén moi truong Matlab 2023b, voi
gia tri ngudng canh bao tham chiéu tir TCVN 7378:2004 va cac tham s6 hoat dong cho thuét toan
K-means gdm 486 mau dit liéu, 5 tim cum, va d6 1éch tdm 1.5 [20]. Kich ban I tién hanh truc quan
hoa dit liéu trén biéu dd va thiét 14p ngudng an toan, qua d6 dua ra canh bao khi cac gia trj vuot
gi6i han cho phép. Tuy nhién, xac dinh tinh trang CTCT dua trén timg tin hiéu riéng 1¢ chua téi wu
va khong danh gia day du tinh trang cong trinh. Do d6, Kich ban 2 thuc hién hop nhét dit liéu va ap
dung thuat toan K-means phan cum dir liéu cho trang thai cong trinh tir tot dén bat thuong.

3.1. Kich ban 1

Céc tap dir liéu do luérqg duogc tién hanh tryc quan hoa trén cac biéu dd cho tung dang tin hi¢u
chuyén vi theo cac thoi diém (6h00, 11h00 va 17h00) c6 mat d§ phuong tién luu thong déc trung
trong ngay. Cac gia tri chuyén vi vugt ngudng an toan [13] thit 1ap thi h¢ thong dé xuat s€ dua

ra canh bao. Két qua phan tich theo nguorng dugc thé hién chi tiét trong Hinh 3.

IR

5 0 | uh N
£l ] E 0 i .
g 4L D5 rung Newdng < 2 B run Newimg| 2 2| DG rung Nguimg
] &
— 0 2 = 0 2 4 6 8 10 & 0 6 8 10
'LE— 0.1 (G 2 O] i twatmgrone” T E 02 Canh b
g 0 ' § 0 E0
2 | Gia téc Nguing| k] v . e :
= -0.1 £ 01 Giatdc = = Ngudng 2 .02 [ Gia e = = Ngudng
S 2 5 0 (
= ‘ {.) 2 4 6 8 10 % 0 ) 4 6 8 0 .i 0 2 n 6 3 10
E 05 T pp—— E a0 E 5 . : . .
= - - 05+ nh bio virgt nguimg |
g u’\/\N\/\/\ ANNAN £05 £ T pened
2 05 I Do uén Nguong 3 0 Db Nawina a2 Bt Nawo
0 2 4 6 g 10 3-0'5“ . . p ; 8 Il;) B-05:1 | 3 ubn guong
i wian (s . < 0 2 4 6 8 10
Thoi gian (s) Thei gian (s) Thsi gian ()
(a) (b) (©

Hinh 3. Két qua danh gid theo ngudng tai cdc thoi diém: (a) 6h00; (b) 11h00; va (c) 17h00
Két qua trong Hinh 3 md ta cic canh bao khi cac gié tri do ludng vuot ngudng. Cu thé, tai thoi

diém 17h00 (Hinh 3c) c6 mét do phuong tién luu thong cao thi h¢ thong phét canh béo 16 1an cho
bién d9 udn khi vugt 0,003 m, 12 lan doi vai gia toc khi vuot 0,05 m/s? va 32 lan vé rung dong khi
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vuot 0,002 m. Tai cac thoi diém it phuong tién luu thong lac 6h00 (Hinh 3a) va 11h00 (Hinh 3b)
thi s 1an canh béo clng thép hon tir 8 dén 10 1an cho d6 udn, gia toc thip hon 7 1an, va rung dong
cing thap hon tir 12 dén 14 lan. Qua d6, két qua phan tich véi giai phap canh bao ngudng s€ giup
xac dinh nhanh tinh trang cong trinh. Tuy nhién, nhiing gia tri chuyén vi thap thi CTCT s€ nhanh
chong phuyc hoi trang thai va sy thay d6i hinh hoc nho chura thé gy nguy hiém cho cong trinh. Giai
phap canh bao theo ngudng chua danh gia chinh xac dugc tong quan tinh trang cong trinh.

3.2. Kich bdn 2

2

Sé cum
Gia tri Silhouett

[ 03 [s32dos 0.9 2 3 4 5 6

Gid i Silhouette §6 cum
(a) Gia tri silhouette (b) So cum theo gia tri silhouette
Hinh 4. Két qud phdn tich tap dir li¢u

Kich ban nay hop nhét cac gia tri chuyén vi (rung, gia toc, va udn) tai cing 1 thoi diém t trong
khong gian 3D, thuét toan K-means s€ thuc hién phan cum cac dir liéu hop nhét dua vao khoang
cach tir diém hop nhat dén tdm cum. Nghién ctru 4p dung hé s6 silhouette (7) xac dinh s6 cum t6i
uu dya trén sy khac biét cua cac gia tri do luong. Gia tri silhouette tai cum 3, 4 va 5 lan luot la
0,5329, 0,5217 va 0,4620 tuong ung cac tap dit liéu thu dugc tr MCB phan thanh 3 cum cho gia tri
khac biét cao nhét, dugc thé hién trong Hinh 4a. Két qua danh gia trén Hinh 4b cho thiy tai thoi
diém chuyén s6 cum tir 2 sang 3 s¢€ co sy thay ddi o rét tir 0,803 xuéng 0,739, nhung tang s6 cum
tir 3 1én 4 thi khong thay sy khac biét 16n, chi giam tir 0,739 xubng 0,733, twong tu cho 4 1én 5 va 5
1én 6. Do 0, khoang gia tri thay d6i khong dang ké nén phan thanh k = 3 cum s& t&i wu nhat.
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Hinh 5. Truc quan hoa tap dir liéu quan trdc CTCT sau phdn cum voi thudt toan K-means

Két qua phan tich trang thai CTCT voi K-means thé hién chi tiét trén Hinh 5 dugc chia thanh
3 cum chinh. Trong d6, tinh trang tdt (cac diém hinh thoi) thé hién cho cac trang thai c6 bién do
rung va gia téc dao dong & mic trung binh thip, tinh trang binh thuong (cac diém hinh vudng)
biéu thi cho trang thai cong trinh dang c6 mat d6 phuong tién luu thong thip véi dic trung vé do
rung cao hon nhung gia toc Van ¢ muc trung binh, va tinh trang bat thudng (cac diém hinh sao)
mo ta cac gia tri do udn, gia téc va bién d6 rung & murc cao. Két qua thu duoc trén Hinh 5a va 5b
cho thdy cac diém dit liéu hinh vudng chiém da sd, thé hién tinh trang luu thong tai gid thap diém
¢6 it phuong tién qua lai nén tinh trang CTCT tot. Nguoc lai, két qua Hinh 5c¢ ¢6 nhiéu diém hinh
sao dac trung cho trang thai tai thoi diém khao sat c6 mat do phuong tién luu thong cao va co thé
gy nguy hai cho CTCT. Qua d6, néu sé luong diém dir liéu duoc phan vao cum diém hinh sao
gia tang thi hé théng s& dua ra canh bao chinh xéc va kip thoi.

3.3. Thao lugn

Ghi chu 1: Giai phap canh bao theo ngudng (Kich ban 1) dugce thuc hién trén timg dang tin hiéu
riéng biét [21] nén xé4c dinh sb 1an canh bao twong déi nhiéu véi 60 1an cho thoi gian cao diém, va
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41 dén 43 1an cho thoi gian thip diém. Trong thuc té, khi bién d6 rung ¢ ngudng bao dong nhung
gia tri do uén va gia toc & muc thap thi CTCT van ¢ trang thai an toan, chwa phai canh bao. RS
rang, qua trinh danh gia can dua trén dic tinh tong thé cac tham s6 chuyén vi (hop nhat dir liéu tir
nhiéu dang thong sd) s& xac dinh chinh xac vé tinh trang hién thoi clia cau dudng bo.

Bang 1. Két qua phdn cum di liéu & trieong hop luc tac dong thong thiong va manh

Truwong hop thong thwong  Trwong hop tac djng manh

Trang thai

S6 diém Ti 1§ S6 diém Ti 1§

Tét 374 37% 259 26%
Binh thudng 314 32% 286 28%
Bét thuong 313 31% 456 46%

Ghi chii 2: Hé théng dé xuat duoc thir nghiém céc trang thai dic trung khi phuong tién trong
tai 16n luu thong, voi két qua tong hop tai Bang 1. Trong do, két qua trang thai tt, binh thuong
va bat thuong 1an luot 1a 37%, 32% va 31% véi trudng hop thong thuong cho thay ti 1§ giita cac
trang thai gan bang nhau, nghia 1a trang thdi CTCT vén hanh binh thuong. Tuy nhién, khi gia
tang tai trong va lyc tac dong Ién try cAu thi ti 18 phan cum cho trang thai tdt va binh thuong giam
xudng lan lugt 1a 26% va 28%, con nguy hiém ting 1én dén 46%. Luc nay, tram giam st trung
tam s& bao dong tinh trang CTCT dang trong trang thai nguy hai vi ti 1& diém dir liéu bat thuong
vurot troi.

Ghi chii 3: Panh gia tinh trang CTCT v6i thudt toan K-means khong nhitng khic phuc duoc
han ché trong phan tich riéng 1é timg dang tin hiéu (Ghi chii 1) ma con phan cum cyu thé cac nhom
trang thai cong trinh trong qua trinh khai thac (Ghi chi 2). So véi giai phap truyen thong thi K-
means c6 uu thé khi két hop voi cic phuong phap khéac tao thanh hé thong hé tro quyét dinh
nham canh bao sdm nguy co xay ra nguy hai cho cong trinh. Tuy nhién, thuat toan K-means dwa
trén khoang cach dé cap nhat nhan cho cac diém quan sat theo tim cum gan nhét, nén han ché khi
vi tri tam cum phu thudc vao gia tri khéi tao va cac tham s6 thiét 1ap ban dau. Bén canh do, thuét
toan K-means chi méi thyc hién danh gia dua trén ti trong s6 diém phan chia trong cac cum nén
chua cung cap dugce mirc d6 va tinh trang nguy hai cho ting khu vuc giam sat.

4. Két luan

Nghién ctru nay da phat trién va ap dung thudt toan hoc khong giam sat K-means aé phan cym
dir liéu quan trac tinh trang CTCT cau dudng bo. MCB do luong chuyén vi cau trac duoc lap dt
tai cac tru cdu di cung cap tap dir liéu dau vao cho qua trinh phan tich. Thuét toan K-means
khong chi xac dinh cac cum dir liéu ma con st dung hé s6 silhouette tdi uu hoa sb lugng cum.
Két qua nghién ciru da phan loai dir liéu thanh ba cum, tuong tmg v6i ba muc danh gia: t6t, binh
thu0'ng, va bat thuong. Cac két qua thu duge cho thay tinh kha thi cua phuong phap nay trong
viéc phén tich va danh gia tinh trang cong trinh cau duong bo. Diéu nay mo ra tiém ning ung
dung thuc tién, dic biét trong viéc hd trg cac nha quan 1y va kY sura quyet dinh dya trén dir liu
mot cach chinh xdc va kip thoi. Tuy nhién, nghién ciru con ton tai mot s6 han ché, chang han nhu
kha nang phan tich chi tiét trong cac cum dir liéu phure tap hodc sy anh huong sai so trong dir liéu
dau vao. Nham khéc phuc cac han ché nay, nghién ctru tiép theo can tich hop thudt toan hoc sau
(nhu hoc ting cudng va mang no-ron hoi quy) nhim nang cao kha ning phan tich siu cac dic
tinh cho tap dit liéu quan tric, qua d6 xac dinh rd mtrc do nguy hai cho timg khu vuc giam sat.
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