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Mot thuat toan mcfi ve kiem tra 
khuyet tat tren cau du'a tren 

phan tich Wavelet tin hieu 
dao dong, thuat toan KTKT-WL 

(*) GS.TS. NGO JCIEU NHI 
(**) NCS. NGUYEN SY DUNG 

Bai bao trinh bay mot thuat toan mdi, mang ten KTKT-WL, du'dc suf dung de 
xac dinh sir ton tai, djnh vj va xac djnh mii'c do cua l<huyet tat tren cau giao 
thong. Thuat toan du'dc xay diing di/a tren phan tich Wavelet tin hieu dao dong 
cua cau theo hu'dng tiem can toi uU toan cue he so scale va djnh lu'dng trung 
binh theo du'dng cifc trj cua he so wavelet tin hieu dao dong cua cd he. Tin hieu 
dao dong du'dc suf dung la tin hieu dao dong cudng bifc cua cau theo tai giao 
thong, la che do tai trong dong do chmh ngu'di va cac phu'dng tien giao thong 
lull thong qua cau tao ra. Phu'dng phap da du'dc kiem chii'ng tren nhieu thf ng­
hiem du'a tren cac tap so lieu do tren mot khung kim loai dang dam dao dong 
cu'dng biJc, thu'c hien tai Phdng thi nghiem Cd hoc ufng dung (PTN CHUD) cua 
trudng Dai hoc Bach khoa TP. Ho Chi Minh (DHBK TP. HCM), cung nhU cac 
tap so lieu ve dao dong theo tai giao thong cua cau Sai Gdn, nhan dUdc thdng 
qua mot he thdng do du'dc l^p ddt trUc tiep tren cau Sai Gdn va truyen thudng 
xuyen ve PTN CHUD qua du'dng truyen Internet. 

1. m Vin He 
Nhan dang khuye't tat, xdc dinh dinh kha nang tdi 

cua cau d thdi diem hien tai, xdc djnh quy luat suy 
giam dp ctfng chd'ng bie'n dang cua cau cung nhif dif 
bdo kha ndng tdi cua cau trong tifdng lai la nhtfng ndi 
dung quan trpng khdng the thie'u trong cdng tdc qudn 
tri cau. Nhd nam bat du'dc quy luat suy giam dp ctfng 
chd'ng bie'n dang cua cau ma cd quan quan li eau cd 
the chu ddng trong dieu tiet lifu thdng, chu ddng trong 
viec kiem dinh cau khdng thifdng ki, chu ddng trong 
viec ngifng khai thac cau de nang cap, stfa chtfa hoac 
thay the. Trong cdng tdc nay, lam sao cd the ddnh gid 
thifdng xuyen vdi dp tin cay can thie't ve tinh trang lam 
viec cua cau nhifng khdng lam anh hu'dng tdi viec lifu 
thdng qua cau dien ra lien tuc hang ngay? Day ludn la 
van de Idn dat ra cho cac nha nghien ctfu. 

Phan tich Wavelet la mdt cdng cu todn difdc stf 
dung de giai quye't nhieu van de lien quan tdi xtf li tin 
hieu trong mien thdi gian. Khi mdt cd he bi khuyet tat 
thi tin hieu dap tfng ddng ltfc hoc cua cd he cung se 
thay doi theo, trong dd mtfc dp va dac diem cua lifdng 
thay doi nay phu thudc vao vi tri va mtfc dp ciia khuye't 
tat. Chdng han khuyet tat se lam thay dd'i dang dao 
ddng (mode shape), lam thay ddi dac tinh chuyen vi, 
lam thay ddi dde tinh gia tdc, dac tinh ciia he sd giam 
chan,... so vdi tin hi?u tifdng tfng khi cd he cdn nguyen 

ven. Tat ca nhtfng stf thay ddi nay deu cd the difdc stf 
dung de xdc dinh sif tdn tai cua khuye't tat cung nh\S 
vi tri Clia chung tren cd he thdng qua viec kiem tra sif 
xua't hien va dinh vi vj tri cua cdc diem ki dj (KD) tren 
cdc difdng dac tinh he sd Wavelet. Lfu diem cd ban 
cua cdng cii nay la kha nang phan tich tin hieu trong 
ttfng vung hep, do dd thdng qua phan tich Wavelet, ta 
cd the phdt hien stf xua't hien nhtfng net rieng biet nhd 
cua tin hieu trong ttfng mien dja phifdng, day la ed sd 
de ddnh gid khuye't tat tren cd he [l-3][8][9]. Trong 
[1], Castroa va cdc cdng sif da khao sdt anh hifdng eua 
dang dao ddng tdi kha nang nhan dang khuye't tat eiia 
tin hieu phan tich Wavelet tin hieu dao ddng ciia cd he. 
Trong [3] J.-C. Hong va cdc cdng stf stf dung hinh ndn 
phan bd va difdng cifc dai de tim mdi lien he gitfa mtfc 
dp cua khuyet tat va so mu Lipschitz a.Ket qua khao 
sdt eho tha'y tai cdc diem KD bien dp he sd Wavelet 
tdng dot bie'n lam thay ddi Lipschitz a, ddng thdi mtfc 
dp hur hdng va dp Idn Lipschitz tifdng tfng la cdc dai 
lifdng dong bie'n. Do dd, dtfa vao dp Idn cua a se danh 
gid difdc mtfc dp hif hdng thifc te'cua cd he. Trong [8] 
cdc tac gia stf dung phan tieh Wavelet tin hieu gia tdc 
de xac dinh sif tdn tai khuyet tat, dinh vi va xdc dinh 
mtfc dp khuye't tat. Trong dd mtfc dp khuye't tat difdc 

(*) Tn/dng Dai hpc Bdch khoa TP. Ho Chi Minh 
(*•) Tnfdng Dai hpc Cong nghi?p TP. Ho Chi Minh 
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xdc dinh dtfa vao mdi lien he ddng bien gitfa mtfc dp 
khuyet tat va gia tri chan tren ciia dp Idn he sd Wavelet 
ciia tin hieu gia tdc. 

Thdng qua viec phan tich Wavelet, cdc tap dtf lieu 
nhan du'dc tren thi nghiem md hinh khi cho cd he dao 
dpng cifdng btfc vdi nhtfng che dp kich thich khde nhau 
eOng nhu' phan tich Wavelet cdc tap sd lieu ve dao 
dpng cua cau Sai Gdn theo tai giao thdng, stf dung cdc 
difdng cifc dai va thuat toan difdng bien cua Mallat [5] 
de xdc dinh Lipschitz a va cac gid tn chan tren tifdng 
tfng chung tdi nhan tha'y rang quan he gitfa mtfc dp hu' 
hdng tren cd he vdi sd mu Lipschitz eung nhu' quan he 
gitfa mtfc dp hu' hdng tren cd he vdi eae gid tri chan tren 
ctfa dp Idn Wavelet khdng cdn ludn ddng bie'n ntfa khi 
tan sd' kich thich dao dpng thay ddi. 

Nham muc dich xay dtfng mpt cdng eu todn cd the 
tfng dung de kiem tra thifdng xuyen tinh trang lam 
viec cua cau dtfa tren tai giao thdng, trong bai bao nay 
chung tdi trinh bay mpt phifdng phap mdi ve xdc dinh 
stf tdn tai khuye't tat, dinh vi khuye't tat va xac dinh 
mtfc dp cua chung tren he thdng cau thifc difa tren tfng 
dung phan tich Wavelet tin hieu dao ddng eiia eau theo 
hu'dng tiem can tdi ifu toan cue scale de xay dtfng mpt 
dai lu'dng phan dnh dac tnfng tfng xtf dpng life hpc eua 
cd he, tifdng ddi dpc lap vdi stf thay ddi ciia che dp kich 
thich dao ddng cd he - he so Wavelet trung binh W(t). 
Dac diem quan trpng nay ciia W(t) eho phep phufdng 
phdp du'dc de xua't ed the stf dung tin hieu dao ddng 
cifdng btfc cua cau theo tai giao thdng trong qud trinh 
khao sat. 

Z. Cd sd li thuyet va cK sd dif lieu 
2.1. Cor sor ll thuyet 

Mue nay xin neu tdm tat mdt sd khdi niem du'dc 
Mallat va eae cdng sif trinh bay trong |4] va [5]. Cae 
ndi dung nay se difdc stf dung trong cdc muc tiep theo. 

Bien ddi Wavelet: Gpi f(t) la ham kha tieh theo 
bie'n t. Bie'n ddi Wavelet cua f(t) du'dc dinh nghia: 

(1) 

Wi a,b)= im^ v^*{- -)dt a.beR, a^O 

Trong dd, da'u (*) the hien lien hdp phtfc cua 
Wavelet cd sd T(0 Ci'(t) eon du'dc gpi la Mother 
Wavelet); W du'dc gpi la he sd'Wavelet. 

Hinh ndn phan bo': Gia stf ^ la ham Wavelet xdc 
dinh trong [-C, C]. Hinh ndn phan bd tai v la tap hdp 
ta't ea cac diem (a, b) trong khdng gian scale-vi tri thda 
man bat dang thtfc sau: lb - vl < Ca 
Hinh ndn phan bd du'dc stf dung trong dinh hu'dng qud 
trinh tim kiem he sd' scale phii hdp cua phep bien ddi 
walelet dtfa vao dae diem: eae he sd Wavelet dat gid 
tri eao nam d trong hinh ndn nay. 

Djnh nghia ctfc tri: Diem (a„, t,,) du'dc gpi la diem 
eifc tri khi 1 bien thien qua t,, ne'u tai t = t„ cd 
dWf(a ,/) Diem (a„, t„) du'dc gpi la diem ctfc 

dt 
•0 

dai neu khi t thudc ve lan can phai hoac lan can trai 
eua to thi \Wf(a„,t)\<\Wf[a^,lj\ . Difdng cifc dai la 

difdng nam trong khdng gian ti le (a, t) ndi cac diem 
ctfc dai (a ,̂ t̂ ) trong lan can cua t̂ . 

2.2. Cd SOT di? M u 

Hinh 1: Thiet bj va mo hinh thi nghiem 
1: Cam bie'n chuyen vi 
2: Bd do chuyen vi LAM-BRIDGE 
3: May tinh 
B: Bd bie'n tan 
D: Dpng cd dien xoay chieu ba pha 
M: Khdi lifdng lech tam 
K: Khung sat thi nghiem 
Cae kiem chtfng trong bai bdo nay difdc xay dtfng 

du'a tren cdc tap sd lieu do dao ddng cifdng btfc cua mdt 
khung kim loai difdc do tai PTN CHUD DHBK - DHQG 
TP. HCM (Hinh 1) va so lieu ve dao ddng theo tai giao 
thdng cua cau Sai Gdn (Hinh 2). 

Ddng cd dien xoay chieu ba pha D mang khdi lifdng 
lech tam M cd the difdc gd lap tai nhieu vj tri khdc nhau 
tren khung sat K nhif tren Hinh 1. Stf dung bd bie'n tan 
B de thay ddi tdc dp quay n cua ddng cd. Khdi lifdng 
M, dp lech tam d, tdc dp quay n, toa dp lap ddt ddng 
cd z la nhtfng dai lifdng cd the dieu chinh. Do dd, dpng 
cd quay se tao nen dao ddng cifdng btfc tren khung vdi 
nhtfng trang thai dao dpng (TTDD) khac nhau. Stf dung 
bd do chuyen vi LAM_BRIDGE do PTN CHUD DHBK 
- DHQG TP. HCM che tao de do dp vdng cua dam tai 
toa dp z d thdi diem t tfng vdi ttfng TTDD. 

Song song vdi tap dtf lieu do dao dpng tren md hinh 
thi nghiem neu tren, trong nghien ctfu nay chung tdi 
cdn stf dung sd lieu do dao ddng cua cau Sai Gdn khi 
cau dao ddng theo tai giao thdng, nhan difdc thdng 
qua mdt he thdng do difdc lap ddt trtfc tie'p tren cau 
Sai Gdn va truyen thifdng xuyen ve PTN CHUD cua 
Tnfdng DHBK TP. HCM qua difdng truyen Internet. 
Hinh 2 trinh bay mpt phan giao dien eiia chu'dng trinh 
thu nhan dtf lieu tai may tinh ddt tai PTN CHUD. Sd 
lUdc ve he thdng: 

Camera: thu nhan Hinh anh tinh trang giao thdng 
tren cau ttf thi/c te. 

Time Properties: ehi tie't ve thdi gian dang khao sdt. 
DaqView - Trigger: diin bie'n eua thu nhan tin 

hieu bien dang eua dam cau tai nhieu vi tri do khac 
nhau theo thdi gian, bao gdm thdi diem bdt dau (Trig­
gered at) va thdi diem ket thuc (Acquiring unit), tan sd 
lay mau (Sean rate, Hz), va tdng sd lan thu nhan tinh 
den thdi diem hien tai (Total scans) - sd nay cd y nghia 
dac bietquan trpng, dd la .sd'thtf tif hang eiia ma transd 
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lieu difdc thu nhan ngay tai thdi diem tfng vdi hinh anh 
giao thdng tren cau, ttf dd ta se biet rd vi tri chinh xac 
cua sd lieu trong ma Iran dtf lieu. 
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ffinh 2: Khao sdt gidn tig'p 
1: Camera; 2: Time Properties; 3: DaqView-Trigger 

3. Piiddng pliap mdi ve Wm tra Idiuyet tat 
3.1. Mpt so' khai niem 

Xin difdc dinh nghia mot sd' dai lifdng se difdc stf 
dung trong thuat todn KTKT-WL trong cac muc tiep 
theo. 

- H? so' Wavelet trung binh dja phtftfng: Chia cd 
he difdc khao sdt thanh cdc phan ttf theo each chia cua 
phifdng phdp phan ttf htfu ban (FEM). Gia tri trung binh 
he sd Wavelet d lan khao sat thtf t, t = 1...T, tai cdc 
diem cat mau cua mdt phan ttf khi xtf dung cung mpt 
gia tri he sd scale a = a, difdc gpi la he sd Wavelet trung 
binh dia phifdng ciia phan ttf, du'dc ki hieu la Wl(k). He 
sd Wavelet trung binh dia phu'dng cua phan ttf thtf k 
difdc tinh: 

(2) »::(*)=izKw| 
trong dd W'l.d) la he sd Wavelet tren phan ttf thtf 

k d lan khao .sat thtf t, t = 1...T, tai diem cat miu 
thtf j , j = 1...Q, khi a = a.; Q la sddiem cat mdu. 

- Vector scale a: Xet phep chuyen ddi Wavelet 
Wf(a,b) cua tin hieu gdc f(t) tai mpt diem khao sat. 
Vector scale a, ki hieu N^, trong phep chuyen ddi nay 
trong lan can eiia diem cifc dai tai t = t„ la vector cd 
cdc phan ttf a du'dc trich ra ttf tap cac gid tri scale tao ra 
difdng eiTc dai trong lan can eua diem nay. 

- H§ so Wavelet trung binh: Gpi N̂ ^ la vector scale 
a difdc stf dung trong bien ddi Wavelet. He sd Wavelet 
trung binh cua phan ttf thtf k sau T lan khao sat, ki hieu 
la W(k),k=l...N, difdc tinh: 

' J » » . t ; 1=1 1=1 j>i 

Neu ke't hdp vdi (2), W(k) cd the duTdc vie't: 

(4) 

3.2. Thuat toan K T K T - W L 
Thual loan KTKT-WL difdc stf dung de kiem tra stf 

hi^n dien khuyet tat va dinh vi khuyel tat tren cau. Tin 
hieu du'dc stf dung irong phu'dng phap nay la tin hieu 
ve dao ddng cua eau iheo tai giao thdng. Cd nhieu tin 

hieu cd the du'dc stf dung trong khao sdt xdc dinh sif 
hien dien va dinh vi khuye't tat, chang han tan sd dao 
ddng, mode shape, he sd giam chan, bie'n dang hoac 
chuyen vi cua cd he... Trong nghien ctfu nay chung tdi 
stf dung tin hieu bie'n dang va tin hieu chuyen vi de 
khao sdt. 

Chia nhip cau thanh N doan, mdi doan du'dc gpi la 
mdtjihan ttf; 

0 hai trang thdi, trang thdi cd he du'dc xem la chifa 
bi hif va trang thdi cua cd he d thdi diem kiem tra, thife 
hien cdc bifdc sau: 

- BtfdTc 1 Bie'n ddi Wavelet Wf(a,b) tin hieu dao 
dong theo tai giao thong f(t): 

-I- Do tin hieu dao ddng f(t) cua cau theo tai giao 
thdng; 

-I- Chpn khoang khao sat cua scale a va bien ddi 
Wavelet Wf(a,b) cua tin hieu f(t) theo (1) trong khdng 
gian (a, b) cho ta't ea cac phan ttf; 

- Btfdc 2 Xac dinh dtfcftig ctfc dai cho tifng phan tuT: 
Difa vao tin hieu Wavelet Wf(a,b) de xdc dinh 

diem cUa dai va ttf dd xac dinh mdt du'dng cifc dai eho 
mdi phan ttf; 

- Btfdc 3 Xac dinh vector cac he sd'scale a tdi tfu 
cho ta't ca cac phSn tuT t ren cd he, N^: 

Gpi A^ la vector scale a tren du'dng cifc dai cua 
phan ttf thtf k, k = 1...N. Cdc Ak cd cung chieu dai. 
Vector du'dc tinh: 

(5)iv. = n!,-̂ * 
- Birdc 4 Tinh he sd Wavelet trung binh W(k): 
Dtfa vao N^ , tinh he sd Wavelet trung binh W(k), k 

' * ' ' ^ ' 1 L N eho ttfng phan ttf theo (3); 
- BtfdTc 5 NhSn dang khuye't ta t : 
Ve dac tinh W(k) cho cd he d hai trang thai, trang 

thai eau difdc xem la khdng hu' va trang thdi cua cau 
d thdi diem kiem tra. Stf khac biet gitfa hai difdng dac 
tinh la da'u hieu nhan biet sif tdn tai khuye't tat tren 
cau. Khi da xac dinh dUde sif tdn tai ciia khuyet tat tren 
ed he, phan ttf k thda man 

(6) fr(A:) = m a x ( f f O ) ) 
j=\...N 

la phan ttf ye'u nha't tren cd he. Mtfc dp hif hdng cua 
cau cang cao thi W(k) cang Idn. 

4. Tlii ngliiem Wm clidng 
4 .1 . Suf d u n g k h u n g m o hinh 

-; . - - .v.- i . i l -11-I-1.1-111 
ux. 

Hinh 3; Mo Hinh toan ciia khung thi nghiem 

(a) 
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(b) 
:- •: i i . **?-•?<•' f r -T^^ r mr; 

f ^ j r i t j N . . * *> VV-*R*rt f ' t ("T? (C) 

Hinh 4: Xdc dinh sif hien dien cua khuye't tat tren cd 
he cung nhif dinh vi vi tri cua chung 

(a) Hu tgi Y^ vdi 4 cdp do Ichdc nhau aa, bb, cc, dd; Ichung 
dao dong ciing tdn sdf= 3,6 Hz trong cd bdn trudng hap. (b) 
TUffng tu nhu trudng hap tren nhung tdn sd dao dong iing vdi 
tiing mdc Ichuyet tat aa, bb, cc, dd theo thii tU Id 3,4 Hz, 3,6 

Hz, 3,1 Hz vd 3,0 Hz. (c) Khung hu dong thdi tai hai diem Y^ 
vd Y^ cung cdp do aa, bb, cc, vd dd: dng vdi tieng cdp do hu 
neu tren td cdc tdn sd^dao dong tucfng dng 3,6 Hz, 2,9 Hz, 

3,2 Hz vd 4.0 Hz. 

Khung kim loai tren Hinh 1 du'dc chia thanh 12 phan 
ttf cd dp dai bang nhau bdi 13 diem chia nhif tren Hinh 
3. Tao ra cdc vet cat cd ti le dien tich phan cat so vdi 
dien tich tiet dien ngang ban dau, theo thtf ttf, la: mtfc 
a a = 1,56%, bb = 4,9%, cc= 11,16 va dd = 23,4%. Cho 
khung dao ddng cifdng btfc vdi nhtfng tan sd khdc nhau. 
Do chuyen vi tai cdc diem chia Y., i = 2... 12. Stf dung 
thuat toan KTKT-WL de kiem tra stf xua't hien khuyet 
tat tren cd he, dinh vi vi tri cua chung cung nhuf khao 
sdt mdi lien he gitfa he sd Wavelet trung binh vdi mtfc 
dp khuyet tat tren cd he. Cdc ke't qua khao sat difdc the 
hien tren cdc Hinh 4 va 5. 

Hinh 4 cho thay: 
- Thuat toan xdc dinh chinh xdc stf hien dien eiia 

khuye't tat. Chang ban, ne'u xem mtfc dp hif hdng aa = 
1,56% la khd be, cd the xem ddp tfng dpng ltfc hpc eua 
cd he d mtfc khuye't tat nay tifdng ttf nhu' ddp tfng dpng 
life hpc ciia ed he khi cdn nguyen ven. Khi dd, so sdnh 
gid tn he so Wavelet trung binh W(k) tai cdc diem do 
vdi gid trj tu'dng tfng W(k) d mtfc khuyet tat aa ta se 
thay cd stf khde biet rd ret. Day chinh la dau bieu nhan 
bie't stf tdn tai khuye't tat tren cd he. 

- Trong tru'dng hdp hK hdng tai mdt diem Y^, he sd 
Wavelet trung binh W(k) tai day gia tang rd ret va Idn 
hdn W(k) tai cac diem khdc. Day la dau hieu giup xdc 

dinh chinh xac vi tri cua khuye't tat tren cd he. Trong 
tnfdng hdp hif hdng kep, chang ban hif tai Y^ va Y^nhif 
tren Hinh 4c, tai Y^ cd bien dp dao dpng Idn hdn nen 
da'u hieu nhan bie't khuye't tat tai day rd rang hdn so 
vdi tai Y,. 

- He sd Wavelet tning binh khdng nhay vdi stf thay 
ddi che dp kich thich dao dpng, dac biet la tan so' dao 
dpng. Tren cac Hinh 4b va 4c, mac du tan so'kich thich 
dao dpng thay ddi nhifng W(k) v in ddng bien vdi stf 
bie'n thien cua mtfc dp khuye't tat. Dac diem nay rat 
quan trpng, lien quan tdi kha ndng tfng dung thuat todn 
KTKT-WL tren cdc he thdng cau thtfc trong dd stf dung 
tai giao thong lam che' dp kich thich dao dpng 

•AT, r^itMl M zrlKM^ 

Hinh 5: Do bien thien cua he so'Wavelet trung binh 
W(k) theo mtfc do cua khuyet tat: Phifdng phdp xdc dinh 

mtfc do khuyet tat difa vao W(k) 

Dtfa vao Hinh 4a xdc dinh dtfdc he sd Wavelet trung 
binh tai diem khuye't tat Y6 tfng vdi bd'n cap dp khuye't 
tat aa, bb, cc, dd, ttf dd xdc dinh difdc difdc dtfdng dac 
tinh (1) tren Hinh 5. Difdng (1) the hien mdi lien he 
gitfa mtfc dp khuye't tat va dp Idn cua W(6). Hoan toan 
tu'dng tif, dtfa vao cac Hinh 4b va 4c chung tdi xdc lap 
du'dc cdc difdng (2) (3) va (4) tren Hinh 5, trong dd 
du'dng (2) the hien dp bie'n thien cua W(6) theo mtfc 
dp khuye't tat tai Y^ khi khung hi khuye't tat tai mdt vi 
tri Y nhu' tren Hinh 4b; cdc difdng (3) va (4) theo thtf 
ttf the hien dp bie'n thien cua W(4) va W(6) theo mtfc 
dp khuye't tat tai Y_, va Y^ khi khung bj khuye't tat ddng 
thdi tai hai diem Y, va Y, nhif tren Hinh 4c. 

V 4 6 , , 

Ket qua khao sat tren Hinh 5 cho thay mdi lien he 
gitfa dp bie'n thien cua mtfc dp khuye't tat va dp bie'n 
thien cua he sd Wavelet trung binh la quan he ddng 
bie'n. Do dd stf dung he so' avelet trung binh se xdc djnh 
du'dc mtfc dp khuye't tat tren cd he. Ddng thdi chinh 
quan he ddng bie'n neu tren cung nhif tinh dpc lap ciia 
he sd Wavelet trung binh vao che dp kich thich dao 
ddng eho phep stf dung he sd Wavelet trung binh trong 
bai todn dif bdo mtfc dp khuye't tat theo chuoi thdi gian. 

4.2. SuT dung sd' li$u dao dpng cua ciu Sai Gon 
Trong phan nay chung tdi stf dung tin hieu bien 

dang tai 10 vi tri do khde nhau cua mpt dam cau tren 
cau Sai Gdn, ttf diem do PI den PIO, d nhieu thdi 
diem khdc nhau lam dtf lieu khdo sdt. Stf dung thuat 
todn KTKT-WL de xdc djnh he sd Wavelet trung binh 
trong ttfng trifdng hdp. Cdc ket qua dtfdc trinh bay 
tren Hinh 6. 
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Hinh 6: Khao sat dap u'ng dpng life ciia cau Sai Gon difa vao 
sd lieu trong cdc ngay 9/4 den 12/4/2009 

Cdc hinh (a), (b), vd (c) Id tin hieu hien dang cua ddm cdu d 
ba tdn do tgi cung mot diem do PI. Hinh (d) Id tin hieu 

Wavelet Wf(a, b) ciia (c). Hinh (f) Id he sd Wavelet trung binh 
W(l<.) tgi ndm diem lihdo sdt PI, P2, P3, P4, vd P5 d cdng 

nhdng ihdi diem trong cdc ngdy 9/4 den 12/4/2009. Hinh (g) 
Id he sd Wavelet trung hinh W(k) tgi ndm diem khdo sdt P6, 

P7, P8, P9, vd PIO trong cdc ngdy 9 den 12/4/2009. 

Cdc Hinh 6f, 6g cho tha'y cdc difdng dac tinh eua he 
sd Wavelet trung binh W(k) dii d nhtfng thdi diem do 
khdc nhau (do dd cdc che dp tai trpng ddng cQng nhu' 
che dp kich thich dao ddng khdc nhau) nhifng lai cd 
dang gan gidng nhau, va khoang each gitfa chiing la rat 
be (khoang cdch trung binh gitfa hai du'dng ngoai eung 
khoang 3.10-4), mac du tin hieu bien dang ciia cau tai 
cdc thdi diem do nay hoan toan khdc nhau - du'dc the 
hien tren cdc Hinh 6a, 6b, va 6c. Dieu dd eho thay cdc 
difdng dac tinh cua he so Wavelet trung binh trong cdc 
Hinh neu tren phan dnh dung tinh trang thifc te'ciia cau 
Sai Gdn: cau dang lam viec binh thifdng. Ddng thdi cac 
dde diem nay cdn cho thay he sd Wavelet trung binh 
W(k) it chiu anh hu'dng ciia che dp kich thich dao ddng 
cua cd he. Dde diem nay la quan trpng, lien quan tdi 
viec tfng dung tai giao thdng cho thuat todn KTKT-WL 

5. Kdt ludn 
Phu'dng phdp de xua't difdc xay dtfng dtfa tren phan 

tich Wavelet tin hieu dao ddng ciia cau theo hifdng 
tiem can tdi ifu toan cue scale a va dinh lifdng trung 
binh theo difdng ctfc tri ciia he sd Wavelet tin hieu dao 
ddng ciia ciiu. Dtfa vao he so Wavelet trung binh W(t) 
chung tdi da xay dtfng mdt thuat todn mdi mang ten 

thuat todn KTKT-WL difdc stf dung de xdc dinh sif tdn 
tai cua khuye't tat tren eau, dinh vi vj tri ciia cbting eung 
nhif xac dinh mtfc dp khuyet tat eiia cd he. Cdc ket qua 
kiem chtfng cho tha'y rang thuat todn difdc de xua't phu 
hdp vdi tin hieu dao dpng cifdng btfc eiia eau theo tai 
giao thdng, la che dp tai trpng dpng do ehinh ngu'di va 
cdc phu'dng tien giao thdng luXi thdng qua cau tao ra. 
Phifdng phdp de xua't cd kha ndng phan dnh kha ndng 
tai cua cau vdi dp tin cay can thiet, ddng thdi phifdng 
phdp nay khdng nhay vdi sif thay ddi thu'dng xuyen 
va khdng cd quy luat cua che dp kich thich dao dpng. 
Trong tnfdng hdp cau ed mtfc dp suy giam dp ctfng 
chd'ng bie'n dang cue bd be thi he sd' Wavelet Wf(a, b) 
cd bien dp rat be va it thay ddi theo a va b. Do &i giai 
phdp difa vao difdng cifc dai de xdc lap tin hieu he sd 
Wavelet trung binh lam gia tdng dp nhay cua tin hieu 
W(k) so vdi Wf(a, b). Ngoai ra, tin hieu he sd Wavelet 
trung binh W(t) hoan toan cd the du'dc stf dting lam tin 
hieu dif bdo trong cdc he thdng dtf bao kha ndng tai 
cua cau theo chuoi thdi gian. Day la cdc dac diem quan 
trpng md ra kha ndng tfng dung thuat todn KTKT-WL 
de xay dtfng cdc he thdng kiem tra thifdng xuyen kha 
nang tai cua cau ndi rieng va cua cdc cd he Idn, phtfc 
tap ndi chung. • 
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