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TGM TAT

Bai bao tng dung md hinh ANN vai cac kyj thuat Leveneberg -
Marquardt, Bayesian Regularization, Scaled Conjugate Gradient du
doén tén sd dao dang rigng cia hé ket cdu khung khang gian. Ma
hinh tinh toén cia bai toan la he ket céu khung - coc khéng gian,
bign dang dan hdi tuyén tinh, lign két coc - nén duge thay the bing
ngam twong duong. Vai két qua dy doén gén nhu chinh xéc (sai sd
khong qué 1.08%). cho théy vigc ing dung ANN vai céc kj thuat
trén trong du don tan sd dao dang riéng cia he ket cau thanh -
coc khong gian |3 dang tin cay, kha thi. Digu nay hét stc cd y nghia
trong gidi quyt cac bai toan nhan dang, chén doan két céu cong
trinh, dac bigt 13 vai cac ket cdu phirc tap. quy ma bai toan lan,
tham sd bj anh huéng bai nhiu yéu td thay ddi trong qua trinh
khai thac, phu hgp vai khu vue co digu kien kha khan vé thai tigt,
khi hau va kha khan vé diéu kign co st ha tdng cong nghé thong
tin, phdn mém chuyén dung.

Tir khéa: Tan sd dao dong rigng, tri tug nhan tao (ANN),
Leveneberg - Marquardt, Bayesian Regularization, Scaled
Conjugate Gradient.

ABSTRACT

The paper applies the ANN model with Leveneberg - Marquardt,
Rayesian Regularization, Scaled Conjugate Gradient techniques to
predict the frequencies of the three-dimensional frame structure.
The computational model of the problem is a frame - pile
structural system in the form of three-dimensional frame, linear
elastic deformation, pile - soil link is replaced by a hard restraint
(fixed) with equivalent restraint depth. With almost accurate
prediction results (with an error of no more than 1.08%), it shows
that the application of ANN with the above techniques in predicting
the frequencies of the three-dimensional frame structure is
reliable, feasible. This is very meaningful in solving problems of
identification and diagnosis of structures, especially with complex
structures, large of problems, parameters affected by many
changing factors in the process of exploitation, suitable to areas
with difficult conditions in weather, climate and difficult conditions
in information technology infrastructure and specialized software.
Key words: Frequencies; predict; Leveneberg - Marquardt;
Rayesian Regularization; Scaled Conjugate Gradient.

1.MEPAU

Viéc xac dinh cac tan s6 dao déng riéng cta két cau khi co su
thay dé&i s d6 tinh (do sai khéac trong gia thiét khi thiét ké hodc do
thay d&i trong qua trinh st dung, ...) 1a rat can thiét va quan trong,
dac biét doi vai két cdu chiu tdc dung cla tai trong dong (nhu séng
bién, tai trong nd, ...). Vi du, d8i véi két cdu dang méng coc (dugc
Ung dung nhiéu trong cac cong trinh xay dung, giao théng, thay
Igi, céng trinh bién dao, ....), trong tinh toan cé thé thay lién két coc
- nén bang lién két ngam cing tai chiéu sau ngam tuong ducng
(hgam tuong duong). Chiéu sdu ngam tuong duong c6 thé xac
dinh theo [1,2]. Tuy nhién, hodc do gia thiét ban dau (diéu kién dia
chat nén, bién phap thi cong, ...) chua sat thuc té€ dan dén viéc xac
dinh chiéu sau ngam tuang duong khéng chinh xac, hodc trong
qua trinh khai thac st dung, lién két gilra coc vdi nén cé thé bi suy
gidm theo thdi gian, do d6 chiéu sdu ngam tuong duong bi thay
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déi. Khi chiéu sau ngam tuang duong thay déi, dan dén céac théng
s6 so d6 tinh thay déi, va do dé cac tham s6 dao déng cla két cau
thay d6i, dan dén thay déi kha nang chiu luc cta két cdu. Khéng
phai lic nao cling cé thé sit dung dugc chuong trinh tinh toan
(phan mém) chuyén dung dé€ xac dinh cac tham s6 dao déng (tan
s0, dang dao déng) cua két ciu, dac biét 1a trong nhiing diéu kién
khé khan vé khi hau thai tiét, vé diéu kién co s& vat chat & khu vuc
bién, dao, xa dat lién.

Trong nhitng nam gan day, cung vdi sy tién bo ctia khoa hoc
mady tinh, trong linh vuc cong nghé néi chung va ky thuat xay
dung cong trinh néi riéng, mang na non nhan tao (ANN - Artificial
Neural Networks) da dugc nghién ctru Uing dung dé mé hinh héa
cac quan hé phi tuyén gilta cac théng s6 clia déi tugng cling nhu
dé mé hinh héa cac quan hé clia két cdu cong trinh dua trén tap s6
liéu dau vao, s6 liéu dau ra da co. Nhiéu nghién ctu trén thé gidi da
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st dung ANN dé du doan cudng d6 cla vat liéu bé téng [3, 4],
nhiét thiy hoéa cta xi mang [5], dd md& réng vét nit trong bé tong
[6], hodc hu hong trong két cau [7, 8]. & Viét Nam, tac gia D6 Anh
Tu (va cac cong su) da xay dung mé hinh ANN trong du bao kha
ndng nut nhiét trong bé téng tudi sém [9]; tac gid Nguyén Thuy
Anh va céc céng su da nghién ctiu ti uu héa s6 no ron dé du doan
lién két gitta tam FRP va bé tong [10]. Tuy nhién, chua c6 nghién
clu nao nghién ctu Ung dung ANN va dénh gia cac ky thuat dugc
st dung trong du doan tan s6 dao dong riéng clia két cadu khung
khéng gian theo su thay déi clia chiéu sdu ngam tucng duang, day
la ndi dung can thiét cho bai toan phan tich, chan doan két cau
cong trinh. Trong bai bao, st dung tap dir liéu gia dinh (tr chuong
trinh tinh toan két ciu) dé danh gia viéc xay dung, lua chon
phuong phap ky thuat ctia m6 hinh ANN trong dy doén tan sé dao
déng riéng clia két cau khung khéng gian.

2.CO SG TINH TOAN THAM SO DAO PONG CUA HE KET CAU
THANH - COC THEO MO HINH BAI TOAN KHONG GIAN BANG
PHUGONG PHAP PHAN TU HO'U HAN

Khao sat hé két cau thanh - coc dudi dang khung khéng gian
chju tac dung tai trong dong (hinh 1) trong hé toa dé vudng géc
Oxyz.

Thlta nhan céc gia thiét sau day:

- Lién két coc - nén dugc thay thé bang lién két ngam ciing
tuong duong.

- Bién dang clia hé két cau thanh - coc la dan hoi tuyén tinh va
bé.

Mé hinh tinh clia két cdu dugc thé hién trén hinh 2.

DE tinh toan cac tham sé dao déng clia hé két ciu thanh - coc
sé st dung phuong phap phan ti hitu han (PTHH).

Phuong trinh chuyén dong cla hé két ciu thanh - coc - nén
theo phuong phap PTHH [11,12], sau khi da dua cac diéu kién bién
vao hé, co thé thiét 1ap dugc dudi dang:

MU(t)+CUt) +KU(t) = P(t) ,(1)

trong do: U(t),U(t),U(t)- tuong Ung la cac véc to chuyén vi,
van téc va gia téc nat cha hé két cau

thanh - coc;

M,K, C - tuong Ung la cac ma tran khéi lugng, ma tran dé
cling, ma tran can cla hé két cau;

P(t) - véc to tai trong quy nut cta hé két cau.

Ma tran can cla hé két cau cé thé tinh theo ma tran khéi luong
va ma tran d¢ ciing dudi dang:

C=aM+BK, (2)

trong dé: a,pB - cac hé s6 phu thudc vao céac tan sé dao dong
riéng clia hé va hé s can nhét cla vat liéu.

Cac ma tran clia toan hé trong phuong trinh (1) ¢6 thé xay
dung tir cdc ma tran cla cac PTHH trong hé bang phuong phéap
“d6 cung truc ti€p” [11,12]. Dudi day dan ra cac ma tran cla cac
PTHH d6i v&i hé két cau thanh - coc khong gian.

Cac ma tran khéi lugng m, ma tran d6 cling k , véc ta tai trong
quy nut p cla phan tr trong hé toa d6 cuc bd dugc xac dinh theo
[11,12].

Phuong trinh dao déng riéng cla hé:

KU(t)+MU(t) =0 (3)

DéE gidi (3), tdc gia st dung phuong phap lap Power- Sweeping
[11].

Trén co s& phuong phdp PTHH, cac thuat todn noi trén da lap
trinh d€ tinh toan ndi luc, chuyén vi, dao dong riéng cta két cau
trén may tinh, chuong trinh mang tén SYM, chuong trinh da dugc

kiém tra d6 tin cay [11].
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Hinh 2. M6 hinh tinh hé két cdu thanh - coc khdng gian

3. XAY DUNG MO HINH MANG NG RON NHAN TAO (ANN)
DU DOAN TAN SO DAO BDONG RIENG

3.1. Mang ANN

Mang nao ron nhan tao la mét bé vi xt ly song song phan bé c6
kha nang luu tri thong tin va tai s& dung cac théng tin dugc luu
tr{r d6. Mang mé phdng hoat dong cdia ndo bé con nguai trong hai
linh vuc: kién thic dugc mang thu thap trong mot qua trinh hog;
va cac két ndi gitia nhiing no ron chia cac trong s6 va cac trong s
nay duoc st dung dé luu trit kién thuc thu thap dugc trong qua
trinh hoc.

Cau trac chung ctia ANN thuong bao gém 3 thanh phan gém
I6p d4u vao, I6p &n va |dp dau ra. Trong d6 16p dau vao la 16p dau
tién, I6p dau ra la 16p cudi cung va két néi gitra hai I6p 1a 16p an.
ANN dugc hoc bang kinh nghiém théng qua giai doan dao tao, c6
kha nang luu trt va st dung dé€ du doan di liéu chua biét (th
nghiém). Trong giai doan huan luyén thuat toan, ANN hoc cach
nhan dang cac mau tu di liéu dau vao, sau d6 so sanh két qua
dugc tao vai két qua mong muédn.

ANN c6 nhiéu loai thuat toan cé thé dugc ap dung trong nhiéu
trudng hgp. Vi vay, can nghién ctu cac thuat toan huan luyén hop
ly d€ xay dung mé hinh mang no-ron véi muc tiéu huan luyén céc
tinh ndng hodc mau tu dir liéu dau vao dé cé thé tim dugc tap hop
cac tham s6 clia mé hinh bén trong, dé t6i uu héa d6 chinh xac cla
moé hinh. Trong bai bdo nay, tdc gid s& dung ba thuat toan:
Levenberg-Marquardt (LM), Bayesian Regularization (BR) va lan
truyén ngugc Scaled Conjugate Gradient (SCG) dé so sanh va danh
gia hiéu qua trong cdc mo hinh ANN.

- Thuat toan Levenberg - Marquardt (LM) dugc phat trién déc
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lap bédi Kenneth Levenberg [13] va Donald Marquardt [14], cung
cdp mot giadi phap s6 cho van dé t6i thi€éu héa mot ham phi tuyén.
Thuat toan LM két hgp gilta phuong phéap gradient descent va
thuat toan Gauss - Newton. Thuat toan LM giai quyét cac van dé
tén tai trong c& 2 phuong phap trén dé dao tao mang no-ron,
béng su két hop cda hai thuat toan d6 [15]. S8 lugng nad ron &n
dugc chon theo phuong phap thuc nghiém. Bit dau ti mang chi
¢6 1 no ron &n va tao ra 50 mang ngau nhién vai s6 lugng no ron
&n d6. Tat cd cac mang dugc huan luyén véi cac bo sé liéu dé chon
ra mang c6 sai s6 thap nhat. Néu sai s6 thap nhat van cao, s6 lugng
nd ron an lai dugc tang thém 1. D& tranh hiéu Gng hoc qua khdp,
ta chon mang c6 s6 lugng no ron an thap nhat co thé (tdc la mang
don gian nhat c6 thé), ma van dam bao dugc sai s6 hoc va sai s6
kiém tra nho (trong bai bao nay cac mé hinh dugc lua chon sao
cho sai s6 tuang déi trung binh clia cac thong sé khéng qué 5%).

- Thuat todn Bayesian Regularization (BR) la moét thudt toén dao
tao mang no-ron nhan tao, diéu chinh cac gia tri trong s6 va khuc
xa dua trén t6i uu héa LM [16]. Thuat toan nay gidm thiéu su két
hgp cda binh phuong 16i va trong s6, sau dé tim ra két hop chinh
xac dé tao ra mot mang t6t. Qua trinh nay dugc goi la chinh quy
hoéa Bayesian. Mang no-ron chinh quy Bayesian dua trong sé mang
vao ham muc tiéu huan luyén.

- Thuat toan Scaled Conjugate Gradient (SCG) dugc phat trién
bai Moller [17], dua trén cdc huéng lién hgp, nhung thuat todn nay
khong thuc hién tim kiém theo dong & méi lan lap, khong gidng
nhu cac thuat toan dé doc lién hop khac yéu cau tim kiém theo
dong & mai lan 13p. Lam cho hé thong ton kém vé mat tinh toan.
SCG dugc thiét ké dé tranh mat thdi gian tim ki€m dong. Day la
mot ham hudn luyén mang cap nhat cac gia tri trong sé va do léch
theo phuong phap dé déc lién hop dugc chia ty 1&. N6 c6 thé hudn
luyén bat ky mang nao mién la trong s6, dau vao va cac ham
truyén clia n6 ¢6 cac ham dao ham. Trong thuat toan SCG, kich
thudc budc 1a mdt ham xap xi bac hai cia ham 16i, lam cho né
manh hon va khéng phu thudc vao cac tham s do ngudi dung xac
dinh.

Qua trinh huan luyén theo céc thuat toan nay, tac gia st dung
phan mém Matlab cling véi thu vién Neural Network Toolbox [18].

- Danh gia kha nang du bao cdia mo hinh:

Trong nghién cdu nay, hai tiéu chi théng ké duoc st dung dé
danh gia d6 chinh xac cia mé hinh ANN dé xuat, d6 la hé s6 xac
dinh (R?) va sai s6 tuyét d&i trung binh (MSE). Hé s6 R? dung dé udc
tinh m6i tuong quan gitia thuc té€ va két qua dy doan, gia tri cia R?
nam trong khodang (0; 1). MSE do muc do sai s6 trung binh gitia két
qua dau ra thuc té va dy doan. Két qua gia tri MSE cang gan 0 va
gia trj R? cang gan 1 thi thé hién d6 chinh xac cang cao clia mé
hinh dao tao.

-Cosadiliéu:

Dé xay dung dugc mé hinh di lieu phuc vu huan luyén mang,
chuang trinh SYM dugc st dung dé tinh toan tan sé dao doéng
riéng cta két ciu theo su thay déi cGia cac tham sé két cdu (nhu s
dé tinh, kich thudc két cdu, kich thudc tiét dién, chiéu sdu ngam
tuong duong, ...), chuong trinh da dugc kiém ching trong nghién
clu truéc day [11].

3.4. Xdy dung mé hinh ANN du dodin tdn sé dao déng riéng

Xay dung mé hinh ANN véi cac ky thuat da dugc trinh bay dé
du doan tan s6 dao déng riéng két cau khung khéng gian (hinh 3)
theo su thay d6i chiéu sdu ngam cla cac coc.

* 56 liéu xuat phat.

- Két cau lam bang thép 6ng (phan coc, phan than két cau), tiét
dién ngang cac thanh (trén mat dat va doan coc trong dat)
$377x12mm; mo dun dan héi cda thép: E=2.1.10" T/m? trong
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lugng riéng thép: y=p/g=7,8 T/m>.
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Hinh 3. M6 hinh thuc hé két cdu khung khdng gian cla tinh todn béng s6
* Co's¢ dit liéu dau vao (input files): 1, =[1y; L, los lgl"

Pay la t6 hgp cac trudng hgp chiéu sdu ngam tuong duong
cla cac coc, két cdu c6 04 coc do d6 véc ta input c6 04 gia tri chiéu
sau ngam.

Theo [2], chiéu sdu ngam tuong duong cé thé dugc xac dinh:
l, =(3,5-8,5).d, trong d6 d la dudng kinh coc. Trong bai toan nay,
chiéu sdu ngam tuong duong c6 khoang du doan la:
I, =1,15+3,15m

. . T
* Co's& dir liéu dau ra (output files): Q,, = [(01 ®, Oy md

GOm 04 tan s6 dao déng riéng dau tién cta két cau theo cac
trang thai (tlng té hgp chiéu sau ngam tuong duong). Trong bai
bdo nay, co s& dit liéu dau ra (output) dugc tinh todn bang chuong
trinh tinh dao déng riéng két cdu SYM.

Pé khong mat tinh téng quat, ta coi cac coc 6 chiéu sau ngam
tuong duong khac nhau. Véi budc thay déi chiéu sau ngam clia
méi coc la 0,5m, sé c6 05 gia tri chi€u sau ngam tuong duong clia
mbi coc, do do6 s6 trudng hgp tinh todn la 5x5x5x5=625 trudng
hgp, tuong ting c6 625 mau input va 625 output.

Lan luot s dung ANN theo cac ky thuat Leveneberg -
Marquardt, Bayesian Regularization, Scaled Conjugate Gradient,
vGi 10 neural, 04 dau vao, 04 dau ra; vGi 625 mau, trong dé st dung
70% (437 mau) dé huan luyén, 94 mau dé kiém tra.

3.5. Két quda tinh todn sé

3.5.1. Véi thudt todn Levenberg - Marquardt

V6i két qud MSE=2,4.10", R%?=9,99999.10"'~1, c6 thé
khang dinh mé hinh ANN vai ky thuat Levenberg - Marquardt da
dugc xay dung la dang tin cay, két qué dugc thé hién trén hinh 4.

* Trudng hop céac gia tri kiém tra trung véi gia tri dau vao
(input), ta c6 thé thay, gia tri du dodn (tan s6) sai khac khéng qua
1,58% so vdi gia tri dau ra (output) - tuc la gia tri tinh toan tan sé
theo chuaong trinh tinh.

_ Best Validation Performance is 0.00047981 at epoch 252 oy A Ee—
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Hinh 4. K&t qua mo hinh ANN
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Bang 1. Két qua dy doan tan s6 dao déng riéng

Gia tri Input (m) Gid tri Output (rad/s) Gia tri du dodn (rad/s)

L1 L2 L3 L4 o) ®, 3 Wy o, ®, 3 W,
-5,500| -5,750, -6,000 -6,150 15,6233 88,3055 96,1838 135,6879 15,8098 88,5899 96,2392 135,7584
-5,500| -5,500, -6,000 -6,000 15,8869 88,3133 96,8028 136,4908 16,0686 88,6229 96,8959 136,6138
-4,400| -4,400, -4,900 -4,900 19,0092 91,9963 100,5567 145,8017 18,9984 91,9723 100,5477 145,7882
-4,200, -4,400| -4,800] -5,000 19,1729 92,4766 100,4921 146,1810 19,1728 92,4613 100,4850 146,1717

* Trudng hop cac gia tri kiém tra khéng trung vdéi gia tri dau
vao (input) - tdc l1a khéng c6 trong dit liéu hudn luyén, ké ca c6 thé
nam ngoai khodng du doan (1, =1,15+3,15m) - dugc thé hién
trong bang 1, theo d6 gia tri du doan (tan s6) sai khac khéng qua
1,19% so vd&i gid tri tinh toan theo chuong trinh tinh két cau SYM.

3.5.2. Vi thudt todn Bayesian Regularization

Két qud MSE =1,32.10", R?=9,99999.10"' 1, c6 thé khing
dinh mé hinh ANN véi ky thuat Bayesian Regularization d& duogc
xay dung la kha thi, ddm bdo do tin cay.

3.5.3. Voi thudt todn Scaled Conjugate Gradient

Két qua MSE =4,6.10", R2=9,99999.10"! ~1, ¢ thé khing
dinh mo hinh ANN véi ky thuat Scaled Conjugate Gradient da dugc
xay dung la kha thi, ddm bao do tin cay.

NHAN XET:

Trong nghién ctu nay, ing dung mé hinh ANN véi cac ky
thudt duoc st dung (Leveneberg - Marquardt, Bayesian
Regularization, Scaled Conjugate Gradient) dé du doan tan sé
dao ddng riéng ctia hé két cidu khung khéng gian dua trén cac
tap sé liéu dau vao (input) va sé liéu dau ra (output), dir liéu
dau vao la cac chiéu sdu ngam tuong duong cia coc. Két qua
nghién ciu cho thdy mé hinh ANN véi cac thuat toan dugc s
dung (Leveneberg - Marquardt, Bayesian Regularization,
Scaled Conjugate Gradient) c6 thé du doan gan nhu chinh xac
tan s6 dao déng riéng ctia hé két cdu khung khéng gian (sai sé
khéng qua 1,58%), dam bao tinh kha thi, dé tin cay, trong d6
ky thuat BR c6 ndi tréi hon vé MSE. Khi c6 day du dit liéu, c6
thé du doan chinh xac tan s8 dao ddng riéng ciia hé két cau
khung khéng gian ma khéng can phai st dung cic chuong
trinh toan tan sé dao déng riéng hoac phan mém chuyén dung
vé két cau cong trinh) nao khac. Véi cac két cau phuc tap, quy
mé bai toan 16n, tham s8 bi &nh hudng béi nhiéu yéu té thay
ddi trong qua trinh khai thac, céng trinh & khu vuc ¢6 diéu kién
khé khan vé thai tiét, khi hau va diéu kién co s& ha tang céng
nghé thdng tin, phan mém chuyén dung thi day la yéu té hét
suc quan trong va c6 y nghia.
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