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Thuat toan xac dinh vi tri suy giam 
do cuTng chong bien dang cua cau 

(*) NGUYEN SY DUNG 
(**) LE THANH TUNG - NGO KIEU NHI 

• Lien quan den de tai nghien cuTu, bai bao trinh bay hai noi dung: Thu" nhat, 
• gidi thieu mot thuat toan mdi, mang ten thuat toan VTHH, dung de xac djnh 

vi tri suy giam do cufng chong bien dang tren cau du'a vao do bien thien the 
nang bien dang dan hoi cua cau khi xuat hien khuyet tat - du'dc xac lap thong 
qua so lieu do bien do dao dong. Trong do, he thd'ng suy dien Neuro-Fuzzy 
diTOc chung toi u'ng dung de nhan dang ctf he d giai doan ehu'a bj hii hong, la 
CO sof de danh gia mufc do suy giam do cu'ng chong bien dang cua co he d hai 
th6i diem: th5i diem dUgfc nhan dang va thdi diem kiem tra. Noi dung thur hai 
trinh bay thi nghiem do bien do dao dong cua cau mo hmh du'dc chung toi 
thi/c hien tai Phong thi nghiem Co hoc u'ng dung, tru'dng Dai hoc Bach khoa 
TP. Ho Chi Minh. Thi nghiem nham xay du'ng cd sd du" lieu de kiem chu'ng 
thuat toan VTHH, djnh hu'dng u'ng dung cCing nhu' so sanh hieu qua cua thuat 
toan nay vdi Phu'dng phap nang lu'dng da dUdc cong bo'. 

1. Dat van de 
Phifdng phap xdc dinh vi tri huf hdng va mu'c dp hU 

hdng cua cau difa trdn ddc diem vl bid'n thidn thd' nang 
bie'n dang dan hoi ciia cau - dang dam chiu life khi xua't 
hien khuyd't tat cua [5] va [8] cd dp tin cay khd cao khi 
u'ng dung cho cac md hinh tinh todn cua cau, ngay ca 
trong trifdng hdp sd' Hdu do cd sai sd' va khuyd't tat xud't 
hien dong thdi tai nhilu phan tuf vdi nhifng mu'c dp hif 
hong khac nhau. Nguydn tac cua phUdng phdp nay Id 
cau dUdc phan chia thanh nhieu phan tu: nhd dang dam 
theo md hinh ciia phUdng phdp phan tuf hifu ban (FEM). 
Cho he dao ddng d nhifng tan sd' khdc nhau u'ng vdi eac 
mode dao ddng khae nhau (gpi la eac trang thdi dao 
dpng - TTDD). Do chuyen vi niit tai nhifng thdi diem 
khac nhau trUdc va sau khi cd khuyd't tat de tinh cac he 
sd' hu hdng [5] hoac tinh he sd' hif hdng trung binh [8] 
ciia tifng phan tuf. Phan til cd dp suy gidm dp cu'ng chd'ng 
bid'n dang EJ ldn nha't la phan til cd cd he sd' hif hdng 
ldn nha't. 

Trong bai bao nay chiing tdi trinh bay mpt thuat 
toan mdi vl xac dinh vi tri hU hdng xua't hien trdn cd 
he,̂  thuat toan VTHH, dUde xay difng tren cd sd phdt 
trien phifdng phdp nang lu'dng ciia [5], [8] va u'ng dung 
mang Neuro - Fuzzy cua [9]. Trong dd: 

- Thuat todn VTHH difa vao sU thay dd'i thd' nang 
bie'n dang dan hoi (TNBDDH) ciia phan tu" de nhdn bid't 
vi tri khuye't tat trdn cd he. Tuy nhidn, khac vdi [5], d 
ddy chiing tdi thifc hien vide so sdnh theo hai mu'c: so 
sanh tuyet dd'i va so sanh tUdng dd'i. So sanh sif thay 
dd'i tuyet dd'i ciia TNBDDH trdn tifng phan tuf d hai thdi 
diem, thdi diem khdng hu' va thdi diem kiem tra nham 
xac dinh tinh trang suy giam TNBDDH tren tifng phan 

tuf. So sdnh sU thay doi tifdng doi eua TNBDDH tren 
tifng phan tuf so vdi cdc phan tuf edn lai tren cd he tai 
mdi thdi diem nham xac dinh phan tuf cd mu'c dp suy 
giam ldn nha't, nghia la phan tu" ed khd nang bi phd 
hdng sdm nha't tren cd he. 

- De xac dinh dUdc TNBDDH cua cd he d hai thdi 
diem, thdi diem khdng hU hdng vd thdi diem kiem tra 
chiing ta phai tie'n hanh do bien dp dao dpng tai cdc 
diem mit ciia tifng phan tuf trong eiing mpt TTDD. Vide 
nay cd the thifc hien mdt cdch dl dang trdn md hinh 
todn - nhu da dUdc trinh bay trong [5] va [8] nhifng lai 
rd't khd thufc hidn ehinh xdc trdn mpt cd he thifc te vi 
khd cd the lap lai mdt cdch chinh xdc mdt TTDD d 
hai thdi diem khde nhau tren mdt ed he thifc cd ca'u 
triie phu'c tap. De gidi quyd't van dl ndy, trong bai viet 
nay, chiing tdi sii dung mang Neuro - Fuzzy ciia [11] 
dd nhan dang cd he trong md'i quan he input - output la 
TTDD - chuyen vi. Day la mpt md hinh suy diln cd cd'u 
tnic thich nghi va cho dp chinh xdc ddp u'ng cao, hodn 
toan phii hdp vdi bai todn nay. 

- Bai vie't cdn nham kiem chu'ng hieu qua ciia thudt 
toan dUdc dl xua't ciing nhif ddnh gid khd nang dp dung 
thuat toan nay trdn cac he thd'ng eau thUc. Chung tdi da 
tie'n hdnh thifc hidn nhilu bdi thi ngbidm do dpng de 
xay difng cd sd dil lieu cho cac iing dung hai thudt todn 
VTHH va [5] trdn mdt khung thi nghiem gid lap ca'u 
tnic, che' dp lam vide, va gia lap tinh trang suy gidm dO 
Cling chd'ng bid'n dang ciia mdt nhip cau tifa trdn hai gd'i 
(khdp ban ll loai 4 vd loai 5). Thi nghiem dUdc thifc 
hidn tai Phdng Thi nghiem Cd hpc u'ng dung eua tnfdng 
Dai hpc Bdeh khoa TP. Ho Chi Minh. 

(*) Tnfdng Dai hpc Cong nghiep TP. Ho Chi Minh 
(**) Tnrdng Dai hgc Bach khoa TP. H6 Chi Minh 
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2. He SO hif hong tifdng dtfi 
He sd' hif hong tifdng dd'i Id cd sd de thie't lap thudt 

todn VTHH difdc chiing tdi xdy dUng dUa tren miic dp 
bie'n thidn the' nang bid'n dang dan hoi khi xud't hien 
khuyd't tdt lam suy giam dp ciing chd'ng bien dang eua 
phan tiir. 

Chia cd he ra thdnh N^ phan tuf vd kieh thich cho he 
dao dpng. Thd' nang bien dang dan hoi cua phan tii thu'j 
d trang thai dao dpng thu' i difdc tinh: 

(1) Uj,=^('(EJ)j[Yj(X)fdX 

trong do, E Id modun dan hoi cua vdt lieu; J la momen 
quan tinh tiet didn ngang eua dam; ede can aj, bj iing 
vdi tpa dp nut hai dau eua phan tuf j dang dUde khdo sdt. 
Difa vao [5] cd the suy ra tinh trang suy gidm dp cu'ng 
chong bie'n dang cua phan tuf thii j tai TTDD thiJ i thdng 
qua he so : 

(2) - 7 . = 7 f ' [ ^ ' W ] ' ^ 

- 0 trang thdi khdng hU hdng cua cau: Kich thich eho 
cau dao dpng d nhilu trang thdi dao ddng (TTDD) khdc 
nhau. Do bien dp dao dpng tai td't cd cdc phan tuf trong 
tufng TTDD de xay difng tap mdu cd sd T^ gom N tap 
mdu phan tuf. Tap miu phan tuf thiJ j , u'ng vdi phan tif thii 
j , cd P cap mdu input - output, (^,zy,), i = 1...P. Trong 
dd Xj =[Xii x^2...x^^] Id vector dae tnfng cho chd'dp kich 
thich dao ddng cua cd hd, z.. dUde tinh theo (2) vd phep 
sai phdn hifu han. Xdy dUng Ne mang neuro-fuzzy nhan 
dang quan hd (̂ ,.zj,) khi eau ehUa hu hdng cho td't ca 
cdc phan tuf cua cau difa trdn . Mang neuro - fuzzy nhan 
dang phan tuf thii^', ky hieu ENF., cd ca'u triic nhU trdn 
Hinh 1. ' 

- Tai thdi diem kiem tra: Thifc hidn nhilu chd' dp 
kich thich dao ddng ngdu nhien dd' tao ra cdc TTDD^^ ĵ 
khdc nhau. Ong vdi moi TTDD trong cdc TTDD,^^,, do 
bidn dp dao dpng cua cd he tai hai diem niit va trung 
diem ciia phan tii. Sur dung (2) vd phep sai phdn hifu 
ban de xay difng tap dif lieu T^^^^^ gom Â^ tap mau phan 
tuf. Tdp mdu phan tuf thif j , u'ng vdi phan tii thif j , cd P^^^^ 
ca p md u input-output, (̂ , > ^ji), i = 1.. .F,^^,. 

Tren phan tuf thiJ j : siif dung tin hidu vdo input ciia tap 
mdu ki lm tra T^^^^^ eho mang ENFj se xdc dinh dUde P,̂ ,̂ 
gid tri Zji d trang thdi khdng hU hdng eua cau tUdng iing 
vdi td't cd cdc TTDD trong TTDD,̂ ^_ cua phan tuf ndy. 

He sd'huhdng tUdng dd'i: Trong P^^^ nhifng trang thdi 
dao dpng x, thude tap T^^^^^, xdc dinh dp ldn gid tri sai 
lech tuyet dd'i giifa f •• vd z.. u'ng vdi tifng TTDD, sau 
dd tinh gid tri sai lech tuyet dd'i trung binh theo chuan 
tdng binh phUdng trung binh: 

2 
(3) 1 '^tesl , , -I 'test .2 

'test i=\ 'test i=l 

He so' hif hdng tifdng dd'i dUde tinh nhif sau: 

(4) Azj=-
Az, 

max 
k=l...N. 

l^k] 

He so' hu hdng tUdng dd'i phdn dnh mu'c dp thay ddi 
the' ndng bid'n dang dan hoi trong mdi phan tuf d thdi 
diem kiem tra so vdi thdi diem phan tii khdng bi hU 
hdng, dong thdi he so' hif hdng cdn the hidn tinh trang 
suy gidm dp cu'ng chd'ng bid'n dang ciia tifng phan tii so 
vdi cae phan tiir khac trdn cd he trong cung mdt TTDD. 
Trong Ne phan tiir trdn cd he, phan tur cd dp ldn Azj cang 
ldn thi miic dp suy giam dp ciing chd'ng bie'n dang eiia 
phan tur nay cang ldn, do dd Azj cho bie't vi tri xud't hidn 
khuye't tdt tren he. 

Hinh 1: Cau tnic mang Neuro-Fuzzy suT dung cho 
mot phan tur, ENFj , j=l...N 

3. Mang NEURO-FUZZY nhin dang Cd he 
Sii dung mang Neuro - Fuzzy de nhan dang tifng 

phan tuf (mang ENFj) cung nhutoan bp cdhd d giai doan ^ 
khdng huhdng (mang GNF). 

Hinh 2: Cau tnic mang Neuro-Fuzzy suf dung cho cau, GNF 

3.1. Mang Neuro-Fuzzy nhdn dang mot 
phan tuf 

Ca'u tnic mang ciia mang Neuro - Fuzzy nhdn dang 
mdt phan tii (gpi tat la mang ENF, Element Neuro -
Fuzzy Net) gom 3 ldp: ldp vdo, ldp an va ldp ra (Hinh 
1, vd dUde trinh bay chi tid't trong [11]). So neuron d ldp 
vao phu thudc vao cdu tnic cua khdng gian dif lieu vdo. 
Sd' neuron d ldp ra bang rript. So neuron cua ldp an dUdc 
xdc lap tu dpng thdng qua qud trinh huan luyen mang, 
lien quan tdi ydu cau v l dp chinh xdc cua phep xdp xi 
vd ddc thil ciia khdng gian dif lieu ciia tap dif lieu huan 

TAP CHi Cd KHi V l | T NAM • So 146 - Thang 9 nam 2009 



NGHIEN CCrU - TRAO DOI 

luyen mang. Tin hieu ra mang dUde tinh: 

(5) 7 ^ J L Z L 

^//_,„(x,.).z,.(x,.) 

k=\ 

(/ = 1...P) 

trong dd, ^'pHg,'^^^i^\^L gid tri lidn thudc cua mdu x„i = \...P 
(tap mdu hud'n luyen mang ed P mau) vdo tap md PHB^ 
thii r trong cdc tap md sidu hop mang nhdn k; Zh(̂ i)ld 
tin hieu ra cua mdu hud'n luyen thii i,i = I...P , theo sidu 
phang thii k. 

3.2. Mang neuro-fuzzy nhan dang cd he 
Ne'u tap mdu hud'n luyen mang cd P cap mau dif lieu 

input - output, va cau difdc chia thanh Âe phan tuf theo 
md hinh FEM thi mang Neuro - Fuzzy nhdn dang cd he 
8 trang thdi khdng hif hdng (gpi tat la mang GNF̂ ^ -
Global Neuro -Fuzzy Net) la sif ke't hdp ciia Ne mang 
ENFj (j=l...Ne) cd ca'u tnic gid'ng nhau nhU tren Hinh 1, 
va ciing chung ldp vao (Hinh 2). 

4. Thuat toan xac djnh vj tri hif hong, VTHH 
Sd do khd'i cua thuat todn dUde trinh bay trdn hinh 3 

T n > D i 

Kich thich i_ 
CO IE dao ; 
dpng i 

{^i,' = 

1 

• j-^,) 

GNF„ 
^ j . 

- Do bien dp dao dOQg 
-Tinh =„ 

'G + V : 
\U Tinh 

Hinh 3: Nhan dang vi tri khuyet tat difa vac GNFcs 
Ne la so phan tur difdc chia tren cd he; Ptest la so TTDD 

difdc sur dung de kiem tra 

Bifdtc 1: Nhdn dang cau d trang thdi khdng hif hdng. 
O trang thai khdng hU hdng cua cau: 
- Do bidn dp dao ddng cua cau d nhilu TTDD khac 

nhau; 
- Tinh difa vdo (2); 
- Xdy difng mang ENFi nhdn dang tiing phan tuf vd 

Xdy difng mang GNFcs nhdn dang td't ca cdc phan tii ciia 
eau d trang thai khdng hU hdng. 
BtfdTc 2: Kiem tra tinh trang suy giam dp cu'ng chd'ng 
bidn dang cua cau (Hinh 3). 

Tai thdi diem kiem tra: 
- Do bidn dp dao dpng cda cau d nhieu TTDD khdc 

nhau; 
- Tinh difa vao (2); 
- Xac dinh difa vao ENFi va GNFcs; 
- Tinh he sd' hif hdng tifdng dd'i eua tifng phan tuf dUa 

vao (3) va (4). 
Bifdc 3: Xac dinh vi tri hU hdng ciia eau. 

Phan tii cd ldn so vdi cac phan tur cdn lai la phan tuf 

bi hu hong. 
Bî dfc 4: Dilu kien difng. 

- Ne'u tid'p tue kiem tra: quay lai bUde 2. 
- Nd'u khdng tie'p tuc kiem tra: difng ehUdng trinh. 

5. Thi nghiem \ i m chifng 
5.1. Mo ta thi nghiem 

Phan nay trinh bay thi nghiem do so' lieu dpng difdc 
chiing tdi thifc hidn tai Phong thi nghiem Cd hpc l?ng 
dung ciia tnfdng Dai hpc Bdeh khoa TP. Ho Chi Minh. 

2 

• • Y 

o " 

\"V\^\ 

o 

(a) 

^ Z.40X 4 0 x 3 . 5 

t^- / \ 
\ D^ng cor dif n AC 3 pba \^i^\ \ 

30OO 

IM u n 
"U - t - t < < - < - < < < < < < ^ 

(b)'*' ^•r^'.yt.^yf 

V\\^\ 

X 

§ 

^ 

Hinh 4: Mo hinh thi nghiem 
(a) Sd do ket cau cua mo hinh thi nghiem; (b)Cac phan tuf 

theo phUdng phap FEM 

- Dpng cd didn D mang khd'i lUdng lech tam M difdc 
gan chat vao khung tai nhilu vi tri khdc nhau nhif tren 
Hinh 4. Dp lech tdm Md dUdc thay ddi vd cap bang each 
dilu chinh khodng cdch d. Suf dung bp bid'n tan de dilu 
chinh vd cap tdc dp gdc ciia D. 

- Khung sat cd chilu dai L=3m dUdc chia thanh 12 
phan bang nhau bdi 13 niit chia Yl,..., Y12. 

- Suf dung cdc cdm bid'n va thie't bi do chuyen vi cua 
Phdng thi nghiem Cd hpc Lfng dung, tnfdng Dai hpc 
Bach khoa TP. Ho Chi Minh de do bidn dp dao ddng tai 
eac diem mit Yl,..., Y12 ciia khung. 

- Khi khung chUa bi hU: 
Bang cdch thay ddi vi tri eiia D trdn khung, thay doi 

dp lech tam Md va thay ddi van tdc gdc eua D chiing toi 
da tao ra P=1200 TTDD ciia khung thi nghiem. Do bidn 
dp dao dpng tai eac diem mit Yl, ..., Y12 iing vdi tifng 
TTDD dd' xdy difng tap dS lieu gom 1200 mdu dif lieu 
input - output. Day la tap so lieu dUde suf dung de hud'n 
luyen mang Neuro - Fuzzy cd sd GNFcs nhdn dang tufng 
phan tuf tren cd he d trong tinh trang chifa bi hU hdng. 

- Tao ra cdc vi tri hU trdn khung: 
Cat khung tai ba vi tri Y4+, Y6-H va Y10+ (Y4+ nam 

tai trung diem eiia doan Y4Y5; Y6-H nam tai trung diem 
eiia dpan Y6Y7; YlO-i- nam tai trung diem cua dpan 
YlOYl 1) trong cac tnfdng hdp: 1/ chi eat tai Y4+, 2/ chi 
cat tai Y6+, va 3/ eat dong thdi tai Y6-h va YlO-i-. Trong 
mdi trUdng hdp ndu trdn, mu'c dp suy giam dp ciing 
chd'ng bid'n dang ciia khung, EJ, dUde thifc hidn theo 4 
mu'c: mifc a-a suy giam 1,56%, miic b-b suy giam 4,90%, 
miic e-e suy gidm 11,16% va miic d-d suy giam 23,40%. 
Ung vdi moi miie dp suy gidm EJ, thay ddi TTDD, cu 
the la thay ddi dp lech tdm, thay ddi vi tri cua D va thay 
ddi van tdc gdc ciia D, chdng tdi da xdy difng difdc tdp 
cd Ptest=48 mau dif lieu input - output, difde sii dung 
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de kiem chu'ng hidu qud cua thuat todn VTHH (muc 4) 
trong vide xdc dinh vi tri hU hdng xud't hidn trdn cd he. 

5.2. Cac k^'t qua thi nghiem 

- Hu hdng ddn vd khung dUdc chia thanh bon phan 
hi 
Hinh 5: Chia 4 phan tur. HU tai Y4+ (phan tuf 2) vdi bon mifc 

Hu- tol pli^ui t ir 2. I 

-g O 8 
£ O 6 m 0 e 

O 6 m 3 

PliA«i tu-

Htr t.-ii pitaii i«'i- 2. iiHi-c flQ C'C 

f>l>dll tu-

Hu- tni pliAit ti> 2.1 

i O 6 

'• 1 

1 

^ 

do khac nhau a-a, b-b, c-c, d-d 
Hinh 6: Chia 4 phan tuf, hif tai Y6 + (phan tuf 2) 

Hu' tai pliaii tu- 2, iniVc do A-A Hu-tal phan tiV 2. iiiiVc do b i t 

5 oe 

: • , ! . • . I °: I • . I . • , ; 
Hir toi plioii tu' 2. iinVc do c-c Htr till pan tir 2. iniVc do O-il 

-Joe 1 0 8 

0 6 

O 4 

0 2 

vdi b^n mu'c dp khdc nhau a-a, b-b, c-c, d-d 

Trong thi nghiem nay, chung tdi thUc hien vide 
kiem chiing khd nang xde dinh vi tri bi suy gidm dp 
Cling chd'ng bid'n dang trdn khung cua thudt todn VTHH 
trong trUdng hdp khung dUdc chia ra thanh bd'n phan tii 
cd chilu dai bang nhau, dong thdi td't ca cdc thi nghiem 
diu difdc thufc hidn d tinh trang hU hdng ddn - chi cd 
mdt vi tri trdn khung bi hU d mdi thi nghiem. Bd'n phan. 
tur dUdc chia theo thd tif Y1-Y4, Y4-Y7, Y7-Y10, va 
Y10-Y13 ddi bang nhau, bang L/4. Sd dung thuat todn 
VTHH de xde dinh vi tri suy gidm dp cdng chd'ng bid'n 
dang ciia khung trong tdm trifdng hdp sau: 

- Cat khung tai Y4-i- vdi bd'n mdc a-a, b-b, c-c, d-d. 
-̂  Cat khung tai Y6-H vdi bd'n mdc a-a, b-b, c-c, d-d. 
6 day, hai diem dUdc diing lam thi nghiem (Y4-H va 

Y6-H) Id hai diem phdn biet thupc phan td sd' 2. 
Kd't qua tinh todn dUde tnnh bay trdn cdc FTinh 5 va 

6. Cdc bieu do nay cho tha'y rang trong trUdng hdp htf 
hdng ddn vdi bd'n mdc hdng neu trdn, thuat todn VTHH 
xdc dinh dung vi tri suy gidm dp cdng chd'ng bid'n dang 
ciia khung thi nghiem, ngay ed mdc dp hif hdng thap 

(mdc a-a). 
- So sdnh cac kd't qua eua thudt todn VTHH va [5] 
Khung thi nghiem d Hinh 4 dUdc chia thanh 3 phan 

td theo thd tif Y1-Y5, Y5-Y9, vd Y9-Y13 cd dp ddi 
bang nhau, bang L/3. Sd dung VTHH vd phUdng phdp 
nang lUdng cua [5] (gpi tat Id [5]) de xdc dinh vj tri suy 
giam dp cdng chd'ng bid'n dang cua khung trong sdu 
tnfdng hdp: 

- Cat khung tai Y6-i- vdi ba mdc b-b, c-c, d-d. 
- Cat khung dong thdi tai hai vi tri Y6-i- va YlO-i- vdi 

ba mdc b-b, c-c, d-d. 
Hinh 7 trinh bay kd't qua thi nghiem dng vdi tnfdng 

hdp hu hdng ddn tai Y6+, thudc phan tu" so 2. Cdc bieu 
do eho thd'y thudt todn VTHH xdc dinh dung vi tri suy 
giam dp cdng chd'ng bid'n dang. Dd'i vdi [5], vi tri hdng 
ehl dupc xac dinh dung khi mdc dp hdng tUdng dd'i 
cao: c-c vd d-d (dp suy giam theo thd tif la 11,16% vd 
23,40%), cdn d mdc dp hif hdng be hdn b-b (suy giam 
4,90%), phUdng phdp [5] xdc dinh khdng chinh xdc. 

FDnh 8 trinh bay kd't qud thi ngbidm trong trUdng 
hdp hu hong kep: hdng ddng thdi tai Y6+, thudc phan 
td sd 2, vd tai Y10+, thupc phan td sd' 3. Cdc bieu dd 
trdn Hinh 8 cho thd'y rang trong tnfdng hdp hUddng thdi 
tai hai vi tri, kd't qua cung tUdng tif nhU trong trifdng 
hdp hif hdng ddn: d cdc mdc hU hdng khd ldn (e-c vd 
d-d), cd hai phUdng phdp d iu xdc dinh chinh xdc vi tri 
suy gidm dp cdng chd'ng bid'n dang (phan td 2 va 3); d 
mdc hu hdng thap hdn, b-b, chi VTHH xdc dinh dung, 
phUdng phdp [5] xdc dinh sai vi tri. 
Hinh 7: Chia 3 phan tii. HiT tai Y6+ (phan tuf 2) vdi bon mu'c 
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dp khic nhau a-a, b-b, c-c, d-d 

- Thay ddi nut gidi ban phan tuf 
Trong thi ngbidm nay chung tdi khdo sdt cdch phan 

chia phan tuf va sif thay ddi dp chinh xdc trong vide xac 
dinh vi tri khuyd't tdt xud't hidn trong cd he cua ca hai 
phUdng phdp, thuat todn VTHH vd [5], dng vdi tdng 
cdch phdn chia. 

Khung thi nghiem difdc chia thdnh ba phan td nhUng 
theo hai cdch chia khdc nhau (Hhinh 9): 

- Cdch 1: Y1-Y5, Y5-Y9, vd Y9-Y13 cd dp ddi bang 
nhau, bang L/3. Vi tri hU hdng Y4-(- nam sat nut bidn 
Y5. 

- Cdch 2: Y2-Y6, Y6-Y10, va Y10-Y13 cd dp dai 
khdng bang nhau. Vi tri hif hdng Y4-(- nam gan nut giifa 
cua phan td 1, Y4. De tinh he sd hU hdng theo thudt 
todn VTHH va [5], phan td thd ba dUdc dUa vao mpt 
nut do Y14. Khi dd phan td ndy nam trong khdang YIO-
Y14. Vide dUa Y14 vao nham dUa dp dai cua ba phan 
td bang nhau va bang L/3. Nut do Y14 khdng thudc cd 
he do dd cd bidn dp dao ddng Y14 ludn bang zero. 
Hinh 8: Chia 3 phan td. Hif dong thdi tai Y6+ (phan tuf 2) va 

t l ^ 
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tai Y10+(phantuf3) 

Ke't qua thi nghiem cho tha'y: Theo cdch phdn chia 
phan td thd nhd't, ed hai phUdng phap xdc dinh dung vi 
tri hif ehl khi mdc dp hU hdng cao d-d, 23,40%; d hai 
mdc tha'p hdn (11,16% d mdc c-c va 4,9% d mdc b-b), 
cd hai phUdng phap diu khdng xac dinh dung vi tri hif 
hdng (Hinh 10). Theo cdch phan chia phan tii thd hai, ca 
hai phUdng phdp diu xdc dinh dung vi tri hU trong ca ba 
mdc dp hif hdng khdc nhau (b-b, c-c, d-d), ngay ed khi 
mdc dp hu hdng khdng cao 4,90% (c-c 

Hinh 9: Hai each chia phan tur 

6 Cach 1, vi tri hU Y4-I- nam sdt nut bidn. d cdch 2, 
vi tri hif Y4-I- nam gan trung diem cua phan td. 

Hinh 10: Ket qua xac dinh vi tri hif hong trong tnfdng hdp 

Hv 1.11 plMiihi l.imrc do d-d 

sa m I =:H 
cac phan tuf dUdc chia theo each 1 

Hinh 11: Ket qua xac dinh vi tri hU hong trong tnf&ng hdp 

Hv tai phan ttf l . i n v c d b l ^ 

m m m 
cac phan td difdc chia theo each 2 

6. Ket luan 
Kd't qua thi nghiem kiem chdng cho tha'y thudt todn 

VTHH cd the xac dinh dung vi tri xua't hien khuyd't tat 
tren cau d nhdng mdc dp hU hdng tha'p hdn bode bang 
mdc dp hu hdng cd the xdc dinh dUdc cua [5]. NghTa Id 
VTHH cd dp nhay tdt hdn phUdng phap [5]. 

Vide sd dung mang Neuro-Fuzzy nhan dang cau 5 
tinh trang chifa bi hu' da tao nen mpt so' liu diem cho 

thuat toan VTHH so vdi [5]. Mot mat, giai phdp nay 
cd tac dung rut ngan giai doan do dac lay sd'lieu, ldm 
giam dp ldn cua tap mdu - bdi mang ed khd ndng npi 
suy nhu'ng thdng sd'lidn quan tdi ede TTDD ngdu nhidn 
difdc sd dung trong giai dpan kiem tra nhUng khdng 
triing vdi cdc TTDD da dUde diing de xdy dUng tap dii 
lieu lifu trff dng vdi thdi diem eau chifa hif. Mat khdc, 
giai phdp nay edn ed tdc dung lam gia tang dp ehinh 
xde eua thuat toan bdi vi thUc te' ta khdng the lap lai 
chinh xde mpt TTDD d hai thdi diem khdc nhau: thdi 
diem cau chUa huf vd d thdi diem kiem tra. 

Dai lUdng vat ly sd dung eho thuat todn VTHH la 
bidn dp dao dpng eua eau hoan toan cd the dUde do dpng 
vdi dp chinh xdc phu hdp thdng qua nhffng thid't hi do 
giao ddng quen thupc. 

Cung nhif [5], khi cd he dao dpng vdi tan sd tiem can 
tdi tan so' ridng cua cau, dp chinh xdc eua VTHH va [5] 
gidm dan. Vi trong thife te vide xdc dinh chinh xdc tan 
so rieng cua mot cd he thife gap mdt so khd khan, do dd 
gidi phdp eho vide gia tang dp tin cdy cua VTHH vd [5] 
la dng dung ke't hdp VTHH hodc [5] vdi Phifdng phap 
trung binh da dUde tnnh bay trong [8]. Ngoai ra, khi sd 
dung VTHH bode [5] tren mot he thong cau thifc cung 
can phai quan tdm tdi cdch phan chia phan td. Ndn sd 
dung mpt so giai phdp phdn chia khdc nhau, khao sdt 
quy ludt hdi tu cua ldi gidi de nhan nghiem. Q 
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