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PHirONG PHAP PHAN TICH TAN SO DAO DONG TRU'C TUYEN 
AP DUNG CHO CAC CAM BIEN THONG MINH 

PHAM HOANG KIEN 
Khoa Cong trinh 
Trudng Dgi hgc Giao thdng van tdi 

Tom tdt: Bdi viit ndy gidi thi^u vi mdt phuong phdp xu ly sd li^u mdi trong do bdng cdch 
su dung ddng thai mgt sd bd Igc thong ddi ddi h?p vd bd Igc trung binh dgng, chung la se tdch 
dugc cdc thdnh phdn dao dgng mong mudn vd tinh dugc biin do cua cdc thdnh phdn dao dgng 
ndy. Phuong phdp xu ly sd lieu mdi ndy khdng cdn thiit bi cd tinh ndng cao Irong luu trir vd xu 
ly sd lieu. Vi vdy nd thich hgp vdi cdm biin thdng minh trong cdng tdc quan trdc thudng xuyin. 

Tit khda: cdm biin thdng minh, quan trdc tinh trgng sue khde. phdn lich thoi gian - Idn 
sd, xu ly sd li4u 

Abstract:' To detect the change in the dynamic characteristics of a structure, a time-
frequency analysis technique that can detect the change in the frequency components over time 
is needed. This paper introduces an algorithm for real-time data processing with a narrow­
band pass filler array to solve this problem. This new data processing do not require large 
amount of compulation and large storage capacity equipments. Therefore, it is appropriate to 
be applied for smart sensors with low cost requirements. 

Keywords: smart sensor, health monitoring, lime-frequency analysts, data processing 

Mgt trong nhiing phuong phdp cd hieu qua dg ap dung kit qua quan trdp vdo cdng tac bdo 
tri Id tiln hanh quan trac Ihudî ig xuyen ddi vdi tinh trang sGc khde tdng ihl cua he kgt cau, neu 
thdy cd bdt thudng trong tinh trang sGc khde tdng thg thi phdn tich vd dg doan nhung vi tri cd 
thg xdy ra hu hdng, sau dd tign hanh kilm tra chi tilt ddi vdi nhimg vi tri nay. Khi kit cdu xay ra 
hu hdng, do cGng cua he se thay ddi va do vdy cac dac tinh ddng hgc cung se thay ddi. Chinh vi 
vdy phuong phdp quan trdc dgng thudng dugc su dung khi ddnh gid tinh trang sGc khde tdng the 
ciia he kgt cau. Tuy nhien trong phuang phap quan Gdc dgng, iG kit qua do khdng thi danh gia 
mdt cdch true tilp tinh trang cua kgt cau md sg cdn cac thiit bi luu tru sd lieu (ket qua do) vd xu 
ly cdc sd lieu nay. Ddy Id mdt trong nhOng \^ do khiln phuang phap dgng khdng thi dp dung 
phd biin ma chi gidi ban dp dung cho mgt sd kit cdu cd tinh trgng yeu. Dg cd thi dp dung rgng 
rdi hon phuong phdp quan trac dgng, y tudng ve cam biin thdng minh (cam bien cd the tu xu ly 
cdc phep tinh va dua ra kgt qua danh gid cdc ddc tinh ddng hgc) dd dugc gidi thieu. Dg cd the 
ddnh gid dugc cac ddc tinh dgng hgc ngudi ta cdn tien hanh phdn tich thdi gian - tdn sd. Tuy 
nhien cac phuang phdp phdn tich thdng thudng (running spectrum, wavelet analysis...) deu 
khdng thich hgp vdi cdm biin thdng minh vi chimg yeu cau cac thigt bi cd tinh nang cao trong 
luu trG va xG ly sd lieu. Dilu nay lam gia thanh cua cdm bign thdng minh trd nen rat cao khong 
thich hgp cho vigc sG dung phd cap. Bdi vilt ndy gidi thieu vl mdt phuong phdp xu ly sd lieu 
mdi trong dd bdng cdch sG dung ddng thdi mgt sd bd Igc thdng dai ddi hep vd bd Igc trung binh 
ddng, chung ta sg tdch dugc cdc thanh phdn dao ddng mong mudn vd tinh dugc bien dd ciia cdc 
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thdnh phdn dao dgng nay. Phuong phap mdi nay khdng cdn thiet bi cd tinh nang cao trong liru 
triJ va xu ly sd lieu. Vi vdy no thich hgp vdi cdm bien thdng minh trong cdng tdc quan Gdc 
thudng xuygn. 

2. PHU'ONG PHAP PHAN TICH TAN SO DAO DONG TRlTC TUYEN 

Phuong phdp phdn tich tdn sd vdi cdc phep tinh don gidn ddng thdi khdng yeu cdu nhilu bd 
nhd dugc minh hga trong Hinh 1. Ddu tign cho sdng dao ddng qua cdc bg Igc thdng ddi ddi hep 
(narrow-band pass filter) cd cdc tdn sd trung tam (center frequency) khdc nhau, chung ta sg tdch 
dugc cac thanh phdn dao dgng tuong Gng vdi cdc tin sd Gung tam ndy. Sau dd tinh cac gia Gi 
tuyet ddi ciia tung do dao dgng vd dung phep xG ly Gung binh ddng, chung ta se tim dugc bien 
dp dao dgng cua cdc thanh phdn dao dgng dd dugc tdch ra. Phuong phdp xG ly sd lieu mdi ndy 
se dugc Ginh bay cu thi d phan dudi. 
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Hinh I. Phuong phdp phdn tich thdi gian - tdn sd diing bg he thdng ddi ddi hep 

2.1. Bo loc thong dai dai hep 

Bk ddnh gia dugc tinh Gang sue khde ciia kit cdu tG cac sd lieu quan trdc (miln thai gian) 
chiing ta thudng phai phan tich chuyin ddi tG miln thai gian sang miln tdn sd. Khi dd bd Igc 
thong ddi (band-pass filter) thudng dugc sG dung dl Idm giam khdi lugng tinh toan. Tuy nhien 
Gong nhilu trudng hgp nlu chung ta dl ddi bang thdng (bandwidth) cd do rgng Idn thi se khd bdt 
dugc tdn sd dao dgng md chung ta quan tdm. Trong phdn nay mdt phuang phap xu ly sd li?u mdi 
diing bg Igc thdng ddi ddi h?p (narrow band-pass fitter) se dugc gidi thieu. Ldy vi du minh hga la 
h? kit cdu cd mgt b^c ty do (Hinh 2), phuang phdp xG ly sd lieu mdi ndy gdm ba budc sau: 

Budc 1: ggi jc Id chuyin vj cudng bGc se dugc nhdp vao dilm dudi O trong budc 2. 
Trong budc 1 ndy, chung ta coi dilm dudi O dugc ngdm cd dinh vd cho mdt luc F (bdng 
tich cua chuyin vi x va dd cung cua h? k) tac dung Ign chdt diem m, tim he sd Gng xu 
ddng (response modification factor) cua chuygn vi y tai chdt digm m (dudng cong ® 
Gong Hinh 3). Hg sd Gng xG dgng Id hg sd giua cdc gid tri cua Gng xG>' khi cho luc F 
tac dyng ddng vd tac dyng tinh. 

Budc 2: cho digm dudi O dao dgng vdi chuyin vi cudng bGc la x. Goi y Id chuygn vi 
tuong ddi giGa chat dilm m va dilm dudi O, tim he sd Gng xG ddng ciia chuyin vi y 
(dudng cong ® trong Hinh 3). He sd Gng xG dgng G-ong trudng hgp ndy la he sd giGa 
chuyin vj d^ngy va rnot gid tri tieu chudn (gid Gi tigu chudn Id gia tri chuyin vi khi tdn 
sd dao d^ng cua chuyin vj cudng bGc JC cd gid tn vd cung Idn). 
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Budc 3: tim he sd Gng xG ddng (duimg cong ® trong Hinh 3) la hieu cua cdc he sd Gng 
xG ddng tim dugc trong cdc budc I va 2. Lay 1 trG di he sd Gng xG dgng cua dudng 
cong CD nay, chung ta thu dugc bd Igc thdng ddi ddi h?p. 

- ^ . ' 

^r 
Tan so dao dpng quv doi (khons [1iuiigu>en) 

Hinh 2. Hi dao ddng mdt bdc tu do Hinh 3. U'ng xu cua bg Igc 

Cdch dan giai ham Guyin (transfer function) ciia bd loc thdng ddi ddi hep dugc trinh bdy 
nhu sau. Trong budc 1 vdi luc F la sd lieu dau vao va chuyen vi>' la sd lieu ddu ra, phuong trinh 
dao dgng cua he se cd dang nhu sau: 

my-l-cy + ky = F -kx /]•> 

Trong dd, k/m = (o„, c/ln = 2(;o3„. Sau dd dp dyng biin ddi Laplace (Laplace transform) 

dg tim ham truyen H|(s). Trong budc 2 vdi chuygn vi x la sd lieu dau vdo va y la sd lieu dau ra, 

phuong Ginh dao ddng cua hg sg cd dang nhu sau: 

my + cy + ky = -mx 

Tuong tu nhu trgn, ap dung bign ddi Laplace chung ta cd thg tim ham truygn H2(s). 

Ham truyin H,(s) trong budc 3 ddi vdi cd hg dao ddng se cd dang nhu sau: 

2(;co„s 
H,(s) = l - { H , ( s ) - H , ( s ) } = ^ 

s" +2(;a)„s + Ki„ 

(2) 

(3) 

Nhu vdy nlu coi x Id sd li?u ddu vdo va>' la sd lieu ddu ra, bd Igc thdng dai ddi hep cd thi 
dugc bigu diln theo cdng thGc sau: 

(4) 

mif] >-2d (¥).(f)>...(¥)'—) 
Trong dd T: khodng thdi gian giGa hai lan ldy mau, uĵ  Id tan sd trung tdm (center 

frequency) cua bg Igc sd (co^T/2 = tan(to„T/2)). n thi hien gid.Gi hign tai cua cac dai lugng x 

va y, n-i la gia tri cua mdu each gid tri hien t^i i mdu. 

Cho s = j(o ta cd ham dac tinh tdn sd cua bd Igc ndy nhu sau: 
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H(co) 
(2I;CO„(B)^ +2j<;o)„co(cô „ -o)^) 

(5) 
(w'„-w')'+(2<;co„co)' 

O day ngu cho (B/CO„ = co' ta cd: 

|H,(co')| = ̂ (2qG)')7{(to'^-l)=+(2qco')'} (6) 

vd ^H,(m') = tan"' ((1 - a)'')/2{;ca') 

Ddc tinh tdn sd cua bd Igc thdng ddi ddi hep dugc thg hien trong Hinh 4. Cac dac tinh nay 

cd the dugc md td nhu sau. Tai tan sd dao dgng trung tdm dd tre se bang 0. Lech ra khdi gid tri 

tan sd nay dg tre sg Id 90° hodc -90°. TG digu kien tai tdn sd cdt (cut-off frequency) -3dB, tri sd 

tuyet ddi cua bigu thuc (6) nhdn gid trj la 10""'̂  ta sg tim dugc tri sd ciia to'. Cdng thGc gan 

dGng xac dinh tdn sd cdt vl phia nhd hon so vdi tdn sd trung tdm quy ddi (khdng thu nguyen) la 

MLÔ  =-V/I - 2 I ; + 2(;̂  =1^=^^ tan sd cdt ve phia Idn hem so vdi tdn sd trung tdm quy ddi Id 

®High = vl + 2t; + 2(;̂  = I + q . Dung bien ddi Laplace ngugc cua ham H, (s) chung ta cd ddp iing 

xung kich (impulse response) cua bd Igc nhu sau: 

{H,(S)} = r 

2?(o„e"̂ * '̂ J cos(fO„ V T ^ ) 

2(;(o„s 

)-2c;(0nS + (o„ 

J'- ' ; 
=sin(a)^-v/l-<;' (7) 

1 
_L 

Tu dd chung ta cd the xac dinh dugc hdng sd 

thdi gian (time constant) cua ddp Gng qud do 

(transient response) nhu sau: T=l/((;to„). Nhu vay 

nlu he sd gidm chdn (damping ratio) q cua he ket 

cdu cd gid tri nhd, dai bang thdng cua bd Igc cung cd 

gia Gi nhd nhung thdi gian xay ra ddp img qud do sg 

ddi hon. Ngugc l^i, nlu he sd gidm chdn ^ cd gid Gi 

Idn, ddi bdng thdng sg rdng nhung thdi gian dg ddp 

Gng qud dg tdt se nhanh. 

2.2. Bo Igc trung binh dgng xac dinh bign dd cua 

cdc thanh phan dao dong 

Sau khi cho sdng dao ddng (kit qud quan trdc ddng) chay qua bd Igc thdng ddi dai hep, 
chiing ta se thu dugc mdt sdng ddu ra cd dang gdn nhu chi la mgt sdng don (single frequency). 
Ggi T va A ldn lugt Id chu ky vd bign dg cua sdng don ndy, chung ta cd cdng thuc bilu diln dao 
dOng cua sdng don nhu sau: Axsin(27i/T). Tri sd trung binh ciia gid trj tuyet ddi cua tung do 

n EO dao dong qu\ doi (khong thii nguyen) 

Hinh 4. Dgc iinh do ire vd biin dd dao dgng 
cua bd loc thdng ddi ddi hep 
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dao dgng trong mgt chu ky T sg Id 2A/7t. Nhu vay dl tim bign do cua thdnh phdn dao dgng 
tuong irng vdi tdn sd trung tam cua cdc bg Igc thdng ddi ddi hep, chung ta chi cdn lay tri sd 
trung binh cua gid tri tuyet ddi cua tung do dao dgng trong mgt chu ky T nhdn vdi tri so trung 
binh ddng K/2 . Tuy nhign, thdng thudng 6k tinh dugc gia tn Gung binh dgng s5 can cd bg nhd 
du Idn dl luu trG dugc tdi thieu n gia tri tung do cua dao ddng trong mgt chu ky T. Dg giai quygt 
dilu ndy bg Igc trung binh dgng chi sd dugc sG dung nhu sau: 

z„-ky„+(l-k)z„_, (8) 

Ddi vdi nhGng dao dgng cd bien dd thay ddi khdng qud nhanh, bg Igc nay cho ket qua 
tuong ducmg vdi cac bd Igc trung binh dgng thdng thudng khac. y la sd lieu ddu vdo, z Id sd li?u 
ddu ra, n la sd lugng dG lieu tham gia vdo phep tinh trung binh dgng, k Id gid tri nghich ddo cua 
n. Bd Igc trung binh dgng chi sd cho phep tinh dugc gid tri Gung binh ddng theo thdi gian ma 
chi cdn luu trG mdt gid tri cua sd ligu ddu ra da dugc tinh todn tai budc trudc dd. Khdng chi 
rieng bd nhd ma cd khdi lugng tinh todn cung giam di nhilu. 6 ddy, gid tn y^ trong cdng thGc 
(8) sg dugc Idy Id gid trj tuyet ddi cua y„ trong cdng thuc (4). Gid sG chung ta cd mdt sdng don 
ma tG thdi dierri 0 sg cd bign do dao dgng bdng I nhu Gong Hinh 5. Cho sdng don nay qua bg 
Igc thdng ddi dai hep (cdng thGc (4)) cd tdn sd trung tdm bang tdn sd dao ddng cua sdng don, gia 
tri tuyet ddi cua sdng ddu ra lai cho qua bd Igc trung binh ddng chi sd (cdng thGc (8)). Chung ta 
thu dugc kit qua cua dap Gng qud dg nhu d hinh dudi cua Hinh 5. Chung ta cd 3 ket qua Gng 
vdi 3 gid tri khac nhau ciia he sd gidm chdn C,. Hinh 6 thi hien ddp Gng xdc ldp (steady-state 
response) cua phuang phdp xG ly s6 lieu da dugc gidi thieu trong bdi viet ndy khi cho tin hieu 
s6ng don trong Hinh 5 qua bg Igc thdng ddi ddi hep (cdng thGc (4)) cd tdn sd trung tdm thay doi 
trong ph^m vi tG 0.2 !an den 1.8 ldn tdn sd dao ddng cua sdng don. Gid tn cua he sd gidm chdn 
^ trong Hinh 6 cung dugc gid thiit tuong ty nhu gid tri ^ ^irgc sG dung trong hinh dudi ciia 
Hinh 5. TG cdc Hinh 5 va 6, chiing ta cung dugc cdc kgt qua tuong ty nhu nhihig kit lu|in dd 
dugc ngu trong phdn cudi cua muc 2.1 ve mdi qua he giGa h? sd gidm chan ^ vd do ldn ciia ddi 
bdng thdng va thdi gian cua dap Gng qud dd. 
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Hinh 6. Ddp ting xdc lap 

3. vi DU VE XAY DlTNG H^ THONG PHAT HIEN SU" THAY DOI CUA TAN SO DAO 
DONG MENG CUA HE KET CAU 

Phirong phap xir ly s6 lieu dirge giai thi§u trong bai vi6t nay chu yeu la d6 ^p dung cho cac 
cam hiin thong minh trong tuong lai. Tuy nhien, dk xac nh^n kha nSng eCia phirong phap n^y 
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Gong viec phdt hign sy thay ddi cua tdn sd dao dgng rigng cua he kit cdu, ngudi ta da dp dyng 
mOt each md phdn^ vdo he quan trdc nhu dugc minh hga trong Hinh 7. H? nay nhdm muc dich 
quan Gdc sy thay ddi ciia tdn sd dao ddng rigng cGa kit cdu, nd bao gdm nhGng thiit bi sau: mdy 
tinh cd nhan, thiet bi thu dG lieu Data Logger, ddu do ^ia tdc va md hinh kit cdu cd dang thanh 
cdng son tren do cd gdn qud ndng, vi Gi qud ndng cd thi thay ddi tiiy y. Ddu do gia tdc dugc gdn 
vao vi tri ngoai cung cGa thanh cdng son. Hinh 8 thi hien cdc kit qua quan Gdc. Hinh ben Gdi 
phia trgn va bgn trdi phia dudi trong Hinh 8 Idn lugt thi hien kit qud quan trdc sy biin ddi cua 
tdn sd dao dgng rigng va he sd giam chdn. Bang cdch thay ddi vj tri cua qud nang (ddu tign la 
gdn d ddu thanh, sau dd Id d vi tri 1/3 va 2/3 chilu dai thanh) ngudi ta Idm thay ddi tdn sd dao 
dgng rieng cua he. Kit qua quan trac (vdi cdc tdn sd dao dgng rigng ldn lugt Id 19.5 Hz, 20.7 Hz 
¥3̂ 23 Hz) phG hgp vdi cac kit qud tinh todn ly thuygt. 

Hmh 7. Vi du md phdng vi hi thdng quan trdc Hinh 8. Vi du vi kit qud quan trac 

4. KET LU^N 

Cac thuat todn cua phuong phdp phdn tich tdn s6 dao ddng tryc tiiygn da dugc Ginh bay, 
trong do, bdng cdch sG dung ddng thdi mdt sd bo Igc thdng ddi dai h?p va bd Igc trung 
binh dgng, chung ta sg tach dugc cac thanh phdn dao dgng mong mudn vd tinh dugc 
bien dg cua cdc thdnh phdn dao ddng nay. 
Phuang phap xG ly sd iigu mdi nay khdng cdn thiit bi cd tinh nang cao dg luu trG vd xu 
ly sd lieu. Vi v^y nd thich hgp vdi cdm bign thdng minh trong cdng tdc quan Gdc thudng 
xuygn. 
Tinh hGu hieu cua phuong phdp cung dd dugc kilm chGng thdng qua mgt md hinh dan 
gidn dl quan trdc sy thay ddi cua tdn sd dao ddng rigng cua he kgt cdu. 
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