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PHUONG PHAP PHAN TiCH TAN SO DAO DONG TRUC TUYEN
AP DUNG CHO CAC CAM BIEN THONG MINH

PHAM HOANG KIEN
Khoa Céng rrinh
Truong Bai hge Giao thong van tdi

Tém tiit: Bai viét nay gici thiu vé mot phuang phap xik Iy 30 ligu mdi irong d6 béng cach
stk dung ddng 1ROT mgt 6 b loc thong dii ddi hep vér b6 loc trung bink ding, ching ta s€ tich
e céc thank phdn dao dong mong mudn va tinh dupc bién dg cua cdc thanh phdn dao dgng
réy. Phuong phdp xi Iy 56 liéu moi ndy khong cdn thiét bi cé tink ndng cao trong low (rit vé xi
1y 56 Iiéu. Vi vdy né thich hop véi cam bién thong minh trong cong tde quan iréc thuong xuyén.

Tir khoa: cim bién thong mink, quan trdc tinh trang sitc khoe, phan tich thdi gian — tdn
50, x2k Iy 56 hgu

Abstract:! To detect the change in the dynamic characteristics of a structure, G time-
frequency analysis technique that can detect the change in the frequency components over time
is needed. This paper introduces an algorithm for reai-time data processing with @ narrow-
band pass filter array to solve this problem. This new doia processing deo not require large
amount of computation and large storage capacity equipments. Therefore, it is apprapriate o
be applied for smart sensors with low cost vequirements.
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1. MO DAU

Mt trong nhirg phuong phap ¢ hiéu qua dé ap dung két qua quan trde vio cong téc bao
tri 1a tién hanh quan tric thedpg xuyén dbi véi tinh trang sire khoe thng thé cila hé két cdu, néu
thy ¢6 bit thuomg trong tinh trang strc khoe tdng thé thi phan tich va du doan nhimg vi tri ¢6
thé xdy ra hir hong, sau d6 tién hanh kigm tra chi tiét d61 voi nhimg vi tri nay. Khi két cdu xay ra
hur hong, dé cimg ciia hé s& thay ddi va do vy céc dic tinh ddng hoc ciing s& thay di. Chinh vi
vay phuong phap quan tric dgng thuémg duge sir dung khi danh gi4 tinh trang strc khoe tbng thé
ciia hé két clu. Tuy nhién trong phu(mg phap quan tric dong, tir két qué do khéng thé danh gia
mot cach true tlep tinh trang cia két cdu ma s& cin céc thidt bi lun trir 86 ligu (két qua do) vi xir
Iy céc s6 ligu nay. Pay |2 mt trong nhimg ly do khlen phuong phap dong khong thé &p dung
phd bién ma chi gi¢i han 4p dung cho mét sb két chu cé tinh trong yéu. Dé c6 thé ap dung ng
r3i hon phuong phap quan tric ddng, ¥ twéng vé cam bién thong minh (cam bién ¢ thé tu xir ly
céc phép tinh va dua ra két qua danh gia cic dic tinh dong hoc) da duoc gigi thigu. Pé c6 thé
danh gia duoc cac dic tinh dong hoc ngudi ta cn tién hanh phan tich théi gian — tAn sb. Tuy
nhién céc phuong phip phan tich thong thirmg (running spectrum, wavelet analysis...) déu
Kkhéng thich hgp véi cam bién théng minh vi ching y&u cdu cic thiét b ¢6 tinh nang cao trong
luu trit va xir 1y sé lidu. Didu ndy 13m gid thanh cla cim bién théng minh tré nén rét cao khong
thich hop cho viée i dyng phé cép. Bai viét nay gioi thigu vé& mot phuong phip xir Iy s liéu
mai trong d6 bling edch sir dung ddng théi mdt sb bé loc théng dai dai hep va bd loc trung binh
dpng, chiing ta s& tach dugc cac thanh phin dao dong mong mubn va tinh duoc bign dg ciza cic
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thanh ph:;in daq ddng nay. Phirong phap méi nay khong cin thiét bj cé tinh nang cac treng luu
trit va xir ly s liéu. Vi vay nd thich hgp vdi cam bién théng minh trong cong tac quan tehc
thudmg xuyén.

2, PHUONG PHAP PHAN TICH TAN SO DAO PONG TRUC TUYEN

Phuong phép phan tich tin s6 vi céc phép tinh don gian déng thoi khong yéu ciu nhiéu bo
nh¢ duge minh hoa trong Hinh 1. Bau tién cho séng dao ddng qua cac b loc thng dai dai hep
(narrow-band pass filter) cd céc thn 56 trung tam (center frequency) khic nhau, chiing ta s& tich
dugc cic thanh phan dao ddng tromg tmg vai cc thn b rung tam nay. Sau dé tinh cac gis tri
tuyét déi cia tung 33 dao dong va ding phép xir ly trung binh ddng, ching ta s& tim duge bién
d6 dao ddng ciia cac thanh phan dao dong da duge tach ra. Phuong phdp xir 1y s6 liéu mdi nay
s dugc trinh bay cy thé & phan dudi.
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Hinh 1. Phuong phdp phan tich thoi gian - tdn s6 dimg bg loc thong ddi dai hep
2.1. B9 loc thong dai dai hep

Pé danh gi4 duge tinh trang sitc khoe cia wét cdu tir cac 6 Jigu quan trdc (mlen thdi gian)
chiing ta thudmg phai phdn tich chuyén dbi tir mién thoi gian sang mién tin sé. Khi d6 b9 loc
thong dai (band-pass tllter) thuodng duge sir dung ¢é lam giam khéi lwong tinh toan. Tuy nhién
frong nhleu trutmg hop néu ching ta dé dai bang thong (bandwidth) c6 4¢ rong 16m thi s kho bt
duge tin sb dao déng ma chiing ta quan tim. Trong phan nay mét phuong phap xu ly 56 ligu moi
ding b loc thong dai dai hep (narrow band-pass filter) s& dugc gidi thigu. Léy vi du minh hoa Iz
hé két chu ¢6 mit bac tr do (Hinh 2), phuong phap xit 1y s6 liéu méi nay gdm ba bude sau:

Bude 1: goi x 1 chuyén vi cutmg bire s& duge nhap vio diém dudi O trong budc 2.
Trong bude 1 nay, ching ta coi diém dudi O duge ngam cb dinh va cho mét luc F (bing
tich cila chuycn vi x va d6 cimg ciia hé &) tac dung lén chit diém m, tim hé sb ing xir
dong (response medification factor) cua chuyen vi y tal chét diém m (dudmg cong ®
trong Hinh 3). Hg sé img xir dong 14 hé b giira cac gid tri cia ing xir y khi cho luc
tac dung dong va tac dung tinh,

Bude 2: cho diém dudi O dao déng véi chuyén vi cudng birc 13 x. Goi y la chuyén vi
twong d6i gilta chit didm m va didm duai O, tim hé sé (mg xir d6ng cda chuyén vi y
(dudmg cong @ trong Hinh 3). He s6 img xir dong trong trudng hop nay 14 h b gilia
chuyen vi ddng y va mdt gi tri tieu chudn (gid tri tiéu chudn 1a gia tri chuyén vi khi thn
s6 dao dgng ciia chuyén vi cuding bic x ¢6 gid trj vo ciing lm).
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"Budc 3: tim hé sb img xir 4ong (dutmg cong @ trong Hinh 3) 12 hi¢u cia cic hg sb img
xir dong tim duoc trong cac bude | va 2. Léy I trir di he sb ing xir dong cta dudng
cong @ ndy, chung ta thu duge bd loc thong déi dai hep.
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Hink 2. Hé dac dong mdt bdc tw do Hink 3. Ung xi cia bg loc

Céch din giai ham truyén {transfer function) cua bd loc thang dai dai hep dugc trinh bay
nhu sau. Trong budc 1 véi lue Fla sb ligu ddu vao va chuyén viyla s ligu du ra, phuong trinh
dao dong ciia hé s& ¢ dang nhy san:

my+cy+ky=F=kx m
Trong d6, k/m=a,, ¢/l =2¢w,. Sau do 4p dung bién ddi Laplace (Laplace transform)

@& tim ham truyén Hy(s). Trong budc 2 véi chuyén vi x 13 s6 ligu du vao va y [4 sb lieu ddu ra,
phuong trinh dao d8ng cda hé s& ¢ dang nhu sau;

my +¢y + ky =-m&X @
Tuong tu nhu trén, &p dung bién ddi Laplace ching ta ¢6 thé tim ham truyén H,(s).
Ham truyén H,(s) trong budc 3 d8i vdi ca hé dao dong s& c6 dang nhu sau:

26,8
s +2¢o s +@,°

H,(s)=1-{H,(s)-H,(s)} = 3)

Nhur vy néu coi x 1a 58 ligu ddu vao v y 13 sé ligu dAu ra, bd loc thong dai dai hep c6 thé
duge bidu dién theo cong thire sau:

e -5 b
ST [ ol

Trong d6 T: hoang thai gian gita hai lan Iy miu, w, 14 tin sb trung tdm (center

Yo = Q]

frequency) cta b loc 58 (@, T/2 = tan{w, T/2)). n thé hién gi4 tri hién tai cia céc dai lugng x
va y, n-i 14 gid trj clia mu céch gid trj hién tai i méu.

Cho s = jo ta ¢6 ham dac tinh thn 58 ctia bd loc nay nhu sau:
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(2g0,0)" +2jew,u(w’, —©”)

H(w)= (mz" _mz)z +(2t;(o"u))z 5
G day néu cho /e, =0 tacs:
[Hy @] = J(25e)?/{te® - 11 + 2cw'y} 6]

va ZH (') = tan ™ ((1 - ©"?)/2ca)

Dic tin tin s cha bd loc théng dii dai hep duge thé hién trong Hinh 4. Céc dic tinh nay
¢6 thé duge md th nhyr sau. Tai thn sé dao dong trung tam d9 tré s& bing 0. Léch ra khéi gid tri
tan s& nay d6 & s& [a 90° hosic -90°. Tir didu kién taj tin s cit (cut-off frequency) -3dB, tri s&
tuyét dbi cua bidu thire (6) nhin gi& tri 12 10" ta s& tim duoc tri sé ciia w’. Cong thirc gin
ding xic dinh tin sb cit vé phia nho hon so voi tin s6 trung tim quy dbi (khong thir nguyén) 2
@, =y1-2¢+2¢* =1-5, thn sb cit vé phia Ién hon so véi thn sb trung tam quy ddi 12

m'}w =4/l+25+25* =1+¢. Ding bién dbi Laplace nguoc ciia ham H, (s) ching ta ¢6 dap (g
xung kich (impulse response) ciia bd loc nhu sau:

L' {H,®)} =L [&)

3
5 +2cm s+ @

= 2w, e {cos (a)n 1-¢’ ) -5 7

Tir db chiing ta c6 thé xdc dink duge bing 56
théi gian (time cohstant} cia dip (mg qua 45

(transient response) nhu sau: 'r=l/(g(n,,). Nhu viy

néu hé sé gidm chén (damping ratio) ¢ cia hé két

cdu ¢6 gid trj nho, dai bing thong cta bd loc cling cb
gid tri nho nhung thoi gian xay ra dap (mg qua 4 €
dai hon. Ngwoc lai, néu hg sé giam chén § co gia i

16n, dai bing théng s& rong nhung thoi gian dé dap Tin b dao dong quy doi (khong thit nguyén}

{mg qua do 1at s€ nhanh. Hink 4. Dic tink 6 & va bién d6 dao dong

2.2. B§ lge trung binh ding xac dinh bién d§ cua ctia bj loc thong dai ddi hep
cée thanh phin dao ding

Sau khi cho séng dao déng (két qua quan tréc dong) chay qua b loc thong dai dai hep,
ching ta s& thu duge mot séng dau ra co dang gén nhu chi la mot séng don (single frequency).
Goi T va A lin lugt 1a chu ky va bién d§ cla song don ndy, ching ta ¢6 ¢dng thirc biéu dién dao
dong ctia song don nhw sau: Axsin(2n/T). Tri sé trung binh ctia gid tri tuygt di cha tung 48
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dao dong trong mét chu ky T s& 12 2A/x. Nhir vy dé tim bién d6 cita thanh phan dao ddng
fuong (ing v&i tAn sé trung tam cila céc b loc thong dai dai hep; ching ta chi cin [y tri 6
trung binh cua gia tri tuyét déi ciza tung do dao dong trong mot chu ky T nhan véi tri s6 trung
binh déng =/2 . Tuy nhién, thong thudng dé tinh duoc gi4 trj trung bink dong s& cin c6 bd nhé
dii 16m dé Iy trir duoc tdi thiéu n gid trj tung d6 cia dao dong trong mdt chi ky T. Bé giai quyét
didu nay bd loc trung binh déng chi & duge sir dung nhu saw;

¢, =ky +(1-Kz [t3)

Péi véi nhitng dao dong co bign do thay déi khéng qua nhanh, bd loc ndy cho két qua
tuong duong vai cac bd lgc trung binh déng thang thuong khac. y 1a sb lidu dau vao, 7 13 s6 ligu
¢3u ra, n 12 54 lugng dir ligu tham gia vio phép tinh trung binh ddng, k 13 gid tri nghich dao ciia
n. B3 lge trung binh déng chi sb cho phép tinh duge gi i trung binh déng theo thai gian ma
chi cén luu trir mbt gid tn cda sb lidw du ra da dugc tinh todn tai bude trude do. Khong chi
riéng b nhd ma ca khdi lugng tinh todn ciing giam di nhidu. G day, gia tri y, trong cong thic
(8) s¢ duoc Wy b gia tri tuydt ddi cia y, trong cing thic (4). Gia sir chiing ta co mét séng don
ma tir thai diénd Q & o6 bién d¢ dac dﬁng béng | nhu trong Hinh 5 Che sdng don nay qua bd
loc thong dai dai hep (cong thire (4)) ¢6 tén s trung tam bing tin s dao dong cua séng dow, gid
tri tuyét dbi ca song dau ra lai cho qua b loc trung binh dong chi sé (cong thirc (8)). Ching ta
thu duge két qua cta dap iing qua 4 nhu & hinh dudi ciia Hinh 5. Ching ta ¢6 3 két qua img
v6i 3 gid tri khac nhau cda hé s giam chin 4. Hinh 6 thé hign dép (ng xac Idp (steady-state
response) cila phurong phap xir |y sé lidu da dugc gioi thigu trong bai viét nay khi cho tin higu
séng don trong Hinh 5 qua b loc thong dai dai hep {cong thire (4)) c6 tan s8 trung tam thay d6i
trong pham vi tir 0.2 1n dén 1.8 {in tin sd dao dong ciia song don. Gid tri cOa hé s6 giam chin
Z trong Hinh 6 ciing ducc gia thiét tuong tu nhu gis tr d3 duge st dung trong hinh dudi cia
Hinh 5. Tir cac Hinh § va 6, ching ta ciing duoc cde két qua tuong ty ahu nhimg két luin da
duge néu trong phén cudi cta muc 2,1 vé mdi qua hé giira hé 6 giam chan § va do Iim cua dai
bdng thong va théi gian cia dap (ng qua do.
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Hinh 5, Ddp img qud do Hinh 6. Bdp tng xdc kip
3, vi DU VE XAY DUNG HE THONG PHAT HIEN SU THAY DOI CUA TAN SO DAO
DONG RIENG CUA HE KET CAU

Phuong phap xir ly 58 ligu duge gioi thiéu trong bai viét nay chu yéu la dé ap dung cho cac
c&m bién théng minh trong twong lai. Tuy nhién, dé xéc nhan kha ning cia phirong phap ndy
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trong viéc phat hign su thay déi cia tin s dao ding riéng cia hé két chu, ngurdri ta da ap dung
mét cich md phong vao h¢ quan tric nhu duge minh hoa trong Hinh 7. Hé nay nhim muc dich”
quan trie s thay ddi cta tin sb dao ddng riéng cia két céu, né bao gdm nhimg ! thiét bi sau: may
tinh c4 nhén, thiét b :hu dir liéu Data Logger, d4u do gia e va mé hinh két cdu ¢  dang thanh
cong son trén d6 c6 gan qua ning, vi tri qua nang c6 thé thay dbi y y. Péu do gia tée duge pin
vao Vi tri ngoai ciing cia thanh céng son. Hinh 8 thé hién cac két qua quan tréc. Hinh bén trai
phia trén va bén trai phia dudi trong Hinh § 14n lugt thé hién két Qué quan tric sy bién ddi cua
tan s6 dao dong riéng va hé sé giam chén. Bang c4ch thay ddi vi tri cia qua ndng tién la
ghn & diu thanh, sau &6 1a & vi tri 1/3 va 2/3 chleu dai thanh) nguéi ta lam thay d6i tin 6 dao
dong riéng cha hé. Két qua quan tric (v6i cac tin s6 dao ddng riéng 14n lugt 13 19.5 He, 20.7 Hz
va'23 Hz) phi hop véi cée két qua tinh toan Iy thuyét.

Hink 7. Vi du mo phong vé hé théng quan trac Hinh 8. Vi du vé két qua quan irdc

4. KET LUAN
Céc thuat todn cha phu'ong phap phan tich tan 56 dao ddng truc tuyén da duoc trinh bay,
trong do, bing cdch s dung ddng thyi mdt 56 bd loc théng dai dai hep va bd loc trung
binh djng, chung ta s& tach duoc cac thinh phin dac dong mong mudn va tinh dugc
bién & cva cac thanh phan dao dong nay.
Phucmg phép xir 1y s6 liéu mai nay khéng cén thiét bi ¢6 tink nang cao dé ru m] v Xit
1§ 58 lidu. Vi vay no thich hop véi cam bién théng minh trong céng tac quan tric thudmg
Xuyén.,
Tinh hiru hi¢u cda phuong phép ciing 42 duce kiém chimg thdng qua mdt mo hinh don
gian dé quan tréc sy thay ddi cia thn sé dao dong riéng ciia hé két chu.
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