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Abstract: The towed underwater vehicle (TUV) is one of the typical objects
with the distributed parameters. The transfer function (TF) describing the
dynamic processes of this object contains not only higher order functions but
also inertial and transcendental components. This causes difficulties when
synthesizing the control system for them. The basic synthesis way for such
objects is carried out in two steps: first, a model with centralized parameters is
established instead of the original object with the distributed parameters, then
the synthesis of the controler is performed using well-known methods for linear
systems. Therefore, this article will propose and investigate a solution
estimating the transfer function of TUV by an approximate model with the
required error based on the real interpolation method (RIM), includes main
contents: establishing the model of the Towed cable (TC)- Underwater vehicle
(UV) system, proposing an estimation algorithm and building a program to
automatically estimate the TF, which associates between the displacement at
the cable’s point attached to the UV with displacement at the cable’s point
attached to the winches.
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Tom tat: Thiét bi ngdm dwoc lai dat béng cap (Towed Underwater Vehicle-
TUV) 1a mét trong nhirng dbi twong diéu khién cé tham sé phan b dién hinh.
Ham truyén (Transfer Function- TF) md ta cac qua trinh dong hoc cla dbi
twong nay cé chira cac ham bac cao ca ca cac thanh phan quan tinh va siéu
viét. Bidu nay gay kho khan khi tdng hop hé théng diéu khién. Cach téng hop
co ban véi cac dbi twong nhw vay thwdng gdbm hai bwéc: Thir nhat, mot mod
hinh vé&i cac tham sé tap trung dwoc thiét 1ap thay cho dbi twong ban dau cé
tham s phan bé ; Thir hai, viéc tbng hop bo diéu khién dwoc thuwe hién bang
cac phwong phap kinh dién da biét ddi voi hé thdng tuyén tinh. Do dé, trong
bai viét nay mét giai phap sb sé duwoc ng dung dé wéc lwong TF cla TUV
bang mé hinh gan ding v&i sai sb yéu cau dua trén phwong phap néi suy thuc
(Real Interpolation Method- RIM). Nghién clru nay cé cac ndi dung chinh: thiét
lap md hinh hé théng Cap kéo (Towed Cable- TC)- Phwong tién duéi nuwéc
(Underwater Vehicle - UV), xay dwng thuat toan va chwong trinh wéc lwvong
TF biéu dién méi lién hé gitra d6 dich chuyén & cubi cap gan véi UV va dé dich
chuyén tai diém gan vao toi.

Twr khéa: Phwong tién kéo dwéi nwéc (TUV), Phwong phap ndi suy thuc
(RIM), Ham truyén (TF), Déi twong c6 tham sb phan bd (ODP), Uéc lwong
ham chuyén.

1. MO DAU

Hién nay, TUV dang dwoc st dung rong rai
trong tham do, khao sat dai dwong nh& nhirng wu
diém vwot trdi nhw thoi gian lam viéc khéng han
ché, dd 6n dinh hoat déng cao,... C4u tric chung
ctia hé théng Ship - TC - UV duwgc dan ra trén Hinh
1. Trong d6, TC 1a phan t& c6 tham sb phan bé ma
cac qua trinh déng hoc clia n6é dwoc md ta bang
cac phwong trinh phire tap nhw phwong trinh vi
phan, phwong trinh tich phan, phwong trinh vi - tich
phan va cac dang khac. Do d6, TF md ta hé thdng
TC- UV sé c6 dang chung [1-7]:

As)
W, (s)=f(s,€®,/s,\/as +1,

cos(s),sin(s),sh(s),ch(s),...) (1)

Sy phtrc tap cta TF (1) gay ra nhirng kho
khan dang ké khi tdng hop cac hé théng diéu khién.
Cach tbng hop théng thwdng 1a thay thé biéu thire
(1) bdng mét phan thirc hiru ty biéu dién khau
tuyén tinh 6n dinh. Viéc nay tuy lam mét di cac tinh
chét dic trwng ctia hé théng c6 tham sb phan bd
va tang sai s6 tinh toan, nhwng né cho phép ap
dung cac phwong phap da biét dé tdng hop cac hé
tuyén tinh b4t bién theo thai gian.

Mot sb nghién ctru da thyc hién cac gidi phap
xap xi ham truyén (1) [8-13]. Nghién ctru [8,9] st
dung céc da thiec Chebyshev T, (s) dé xac dinh mé
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hinh x&p xi dang: Wg(s)~ > p,T.(s)/ > qT,(s).
k=0 k=0

Nghién ctru [10] st dung cac da thirc Bessel. Tuy
nhién, cac phwong phap nay chi dwoc st dung
trong cac trwong hop cu thé. Cac cong bd [11,12]
dung chudi hoi tu va xap xi Pade. Tuy nhién, viéc
nhan dwoc cac chudi hdi tu cia ham (1) gép nhiéu
kho khan, khéng phai luc nao ciing thwc hién dwoc
do sw phtrc tap clia ham (1). Cach nay ciing déng
thdi lam tang sai s6 wéc lwong. Viéc wéc lwong
theo phwong phap tan sb ciing c6 nhwoc diém, lién
quan dén qua trinh chuyén ham géc (1) theo bién

phrc W, (jw) thanh dang cla bién thuc:

W, (jw)=P(w)+jQ(w) vi ham W, (jw) co cac gia
tri cuc tri & tan sd nhat dinh [13]. Nhitng han ché
cla cac phwong phap trén bao gém: Dung lwong
tinh toan I&n; M6 hinh xap xi c6 bac cao do viéc
wéc lwong dwoc thwe hién cho tivng thanh phan
ctia ham (1). Biéu nay lam tang sai s6 tdng thé va
gay kho khan cho viéc tbng hop cac bo diéu khién,
d&c biét 1a diéu khién thdi gian thwe; Ngoai ra, cac
phuwong phap nay chi duwoc st dung dé wéc lwong
cac ham déc biét. Do d6, nghién ctru nay sé thiét
lap mét tha tuc wéc lwong dwa trén RIM dé nhan
dwoc mé hinh gan dung tr md hinh gbc (1) [14].
Giai phap nay cho phép thao tac véi cac sb thuc,
khac phuc nhirng han ché ctia cac phwong phap
wéc lwgng trede d6. N6 lam giam dung lwgng tinh
toan va cho phép nhan duwoc mot md hinh xap xi
c6 bac tly y ma khéng gap bat ky khé khan nao.
Ngoai ra, thuat toan duwoc dé xuét co thé dwoc hién
thwe hda dé dang trén may tinh. Nghién clru nay
sé gidi quyét cac van dé chinh: Md hinh hoa hé
théng TC-UV; Xay dwng thuat toan va chwong trinh
wdc lwong trén may tinh, danh gia két qua vai cac
céu truc ctia md hinh xap xi khac nhau.
2. NOI DUNG CHINH
2.1. M6 hinh héa hé TC-UV

Dé& mé hinh hoéa c4u tric hé théng TC - UV
dwéi dang TF, biéu di&n méi lién hé gitra do dich
chuyén cla dau cap gan véi UV x(L,s)va luc kéo

Vi & Nguyén

tai dau cap gan vao toi T(0,s) véi do dich chuyén
tai dau cap gan vao toi x(0,s), ching ta s& xem
xét mét doan cap co truc trung v&i truc Oz khi tac
dong lwc kéo T, z 14 chidu dai cla cap khong tai,
y va x=y -z la chiéu dai cla cap va bién dang
cla no voi tai twong wng (Hinh 2). Cac luc tac
dong dén hé thdng TC — UV bao gdm: Trong lwong
ctia hé théng trong nuérc; lwe dan héi; lwc quan tinh
xay ra khi tang tbc hé théng (TC - UV) va khdi
lwong dinh wét cha nwédc cling nhw lwc ma sat
gilra cap v&i nwéc va lywe ma sat chia cap la cac lyc
chinh tac dong Ién hé TC - UV.

Trong cac diéu kién cu thé [5,10], dao dong
doc cua tiét dién cap dwoc biéu dién béi:
{T —E,F.ox/ oz + \F.0?x | éz.ét

o s (2)
oT/oz=m.0“z/ ot° +B.ox/ ot
Trong d6 E;, - md dun dan hoi cla cap, dbi
voi cap kim loai: E; =1,65.105 Mpa; F - Dién tich
mat cat ngang cla cap bang tdng thiét dién cac 16i;
)\ - hé s6 ma sat ctia cap; m- khdi lwong trén mbi
don vi dai ctia cap (kg); B- hé sb ma sat gitra cap
voinwoc (s™). Sau khi thay thé A =E; F.r, cho
phwong trinh dau tién cta (2), ching ta co:
T=EF(6x/ 0z + 1,,5.0°x | 82.0t) (3)
Thuc hién bién dbi Laplace déi véi (2), (3) ta
co:
{6T /| 0z =m.s®X(z,s)+ P.sx(z,s)

4
T=E;F.(1+ t,.8).0x(2,8) / 0z @

Két quéa tinh toan trong [5,10] cho thdy TF
lién hé gitra d6 dich chuyén & dau cap gan vao UV
(x(L,s)) v&i dd dich chuyén tai dau cap gan vao toi
(x(0,s))sé co6 dang:

W, (s) _ x(L,s) _
x(0,s)

M52 +KnpoS
Z,(s)
trong d6, 1 =L/w- thoi gian lan truyén

-1
(ch(rL r(s))+ sh(t. .r(s))j (5)

SONg trong Gap; Z,, () =y, /(82 + Vi S)(1+ Ty S),
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b, =mw - tr& khdng song; Ty, - hang s6 thoi gian

cla ma sat trong cua cap;

r(8) = /(82 + Vinp:S)/ (14 Tp-S) - h& 6 lan truyén
dao dong; w=.E;F/m- Téc do truyén séng
trong cap (M /s); Vi, =B/ M- hé sb kéo twong dbi
doc cap (1/s); k,, - Hé sb can clia nwéc do chuyén
déng cua thiét bi; m, - Khdi lwgng thiét bj trong

nwdc. Déi voi cap "KGP-1-20" c6 dwéng kinh

Vi & Nguyén

m=163kg/m;w =4020m/s;
TUV

23,4mm;

Tmp = 0,015, =0,05s7", va

ngoai
VOi
K., = 1800kg/s;m., =5860kg, ham truyén (5) tr&
thanh: (6)

L [s?+0,0307s
Wy, (s) =1 ch( i )+
4020\ 1+0,01s

5860.s% +1800.s L

6552,6./(s +0,0307s)(1+0,01s)

Thiét bj ngim

-1
2
sh( . S +0,03073)
4020 1+0,01s

Hinh 2. M6 hinh khao sat clia doan cap va bién dang cta n6

14
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2.2. Thiét 1ap thuat toan wéc lwong
Can tim mot phan thirc hivu ty:
b, s" +b, s""+..+b,s+b,

WG(S) = n n-1
as'+a, s +..+as+1

(7)

v&i bac clia cac da thi'c m,n va hé sb
a,b(i= 1,n;j=0,m), x4p xi v&i TF ban d4u (6) cé sai
s6 cho trwdc nao do (A).

Cac bwéece cta thu tuc wée lwgng TF (6) theo
RIM bao gdbm [14]: Chuyén dbi cac ham
W, (s), W, (s) vé dang thuc W, (5),W,(5); Tinh
toan cac dac trung sb {We(ési)}n,{wdt (Bi)}ncﬂa
cac ham thuc twong (rng. Cubi cung, thiét 1ap va
giai hé phwong trinh [14]:

(W, (3, )}n ={W, (5 )}n S,i=1m (8)

Hai tham sb phai dwoc xac dinh dé xay dung
hé phwong trinh (8) bao gém: sé hé sb yéu cau:
n=m+n+1 va khoadng phan bé cac nut ndi suy
[8,,8, ] Gigi han dudi thwong dwoc chon: 6 >0,
con gidi han trén dwoc tim tir diéu kién [14]:

W, (8,)=(0.1+0.2)[ W, (0) - Wy, (o) ]
+Wdt(oo) 9

Quy tac phan bd cla cac diém nut ndi suy
8,i=1n c6 thé dwoc chon theo Iuat phan phéi
déu:

O, . —
& =i—t,i=1n-1 (10)
n
hoac trung v&i cac nghiém cta phwong trinh
T,(x)=0:

1+ x

8, ai=1n (11)

trong d6: a — Tham sb hiéu chinh sai s6 wéc
lvong va {x;} la diém O cla da thirc Chebyshev
bac nhat bac n (T,(x)), dwoc xac dinh bdi moi
quan hé [15]:

T,(xX)=1T,(x) =xT,(x) =% —%;...;

T, .(X)=XT, (x) - %TTM(X);X e[-11] (12)

Vi & Nguyén

Viéc chon cac diém nuat ndi suy theo da thirc
Chebyshev sé lam tang dé chinh xac wéc lwong.
Gia tri ctia b, cé thé nhan dwoc dwa trén phwong
trinh tinh, hodc theo d3c tinh bién do tan sb (
A(o) =Wy (jo))):

20*Ig(A(w))+20*lgm
by =W, (0); b, =10 20 (13)
2.3. Xac dinh sai s6 wéc lwong

Viéc danh gia dé chinh xac wéc lwgng ham
truyén theo RIM cé thé dwoc thuc hién dwa trén
cac ham thwc W, (8) va W,(3) [14,16]:

AW = max [AW(3) =

6;(m,n);{6‘}“

6_(m?{>ﬁ<} |Wdt(6)—We(6)|,8e[C,oo),Czo (14)

D6 chinh xac wéc lwong (14) sé dwoc cai
thién bang cach lap theo cac gia tri m,n va
S,i= ‘Wq khac nhau [14]. Trwéc hét, véi gia tri m,n
nao do va bo diém nat nhéat dinh, ham xap xi dwoc
coi la 1an 18p dau tién va dwoc ky hiéu: (m,n)",
{81, W), AWO(3), AW,

AW = max AW (3)| =

8;(mn) (g, }(r:)

max W, (8)-W("(3),5[C,),C=0 (15)

6;(m,n)‘”;{5‘}(q1)

Trong lan 13p tiép theo, cac dai lwong

W (), AWP(5),AW® duwoc xac dinh twong ng

V6i tap cac diém noi suy méi: 82,i=11. Cac diém

nat ndi suy {Si("’} & 1an 1ap th& n dwoc chon sao

n

cho gidm dan sai s6 wéc lwong. Mot trong sb

chung duoc xac dinh theo biéu thire [14]:

8(”)
8" =i%,i:1,n—1;8$>=

an 1o
8; ”J_rHS‘n ":n=23,.. (16)
Phwong thire 1ap (16) duwoc thye hién vi cac

tham sb cau truc khac nhau: (m,n)?,(m,n)®,...cho

dén khi sai s6 AW la nhé nhat. Sau do, ching ta
sé& nhan dwoc mé hinh xap xi tbi wu twong rng
W?"(s). Cac tham s6 m,n thwdng nhan giéa tri nhd

15
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(m < 3,n < 3)do sw phtrc tap cla bai toan tdng hop
tiép theo.

3. KET QUA, THAO LUAN

3.1. Xay dwng chwong trinh

Tw phan tich trén, thu tuc wéc lwgng TF (6)
st dung RIM gém céac buéc:

Buwdc 1. Lwa chon cac gia tri m,n cia ham
W, (s). Xac dinh b, theo (13).

Bwdc 2. Xac dinh cac diém nut ndi suy
8,,i=1n theo (10) hosc (11).

Budc 3. Xac dinh cac dai luong {W, (3] .
(W, (Si)}n theo cac diém nut 5.,i=1m va ham
thwe W_(8), W,(5)da biét. Thanh Iap va gidi hé
phuwong trinh (8).

Bwdc 4. Tim sai sd xap xi theo tiéu chuan
(14).

Bwéc 5. Lap lai cac tinh toan clta buéc 2
hodc buwédc 1 dé& xac dinh md hinh xap xi co sai sb
nhd nhét (16).

3.2. Két qua va nhan xét

Pé xac minh tinh hiéu qua cda thd tuc trén
day, mét chuong trinh wéce lvgng dwec xay dwng
c6 giao dién nhw trén Hinh 3. Kiém tra chwong

Vi & Nguyén

trinh dwoc thwe hién véi cac tham sé khac nhau (
m,n ) ctia mé hinh x4p xi (7). Dau tién, md hinh gan
ding véi sai sd nhé nhat sé dwoc xac dinh cho méi
bd tham sb (m,n), sau d6 mé hinh téi wu sé& duwoc
chon tir tt cd cac md hinh nhan dwoc. Két qua
wée lwong TF (6) dwoc liét ké trong bang 1. TF gan
dang téi wu dat dwoc twong trng véi tham sé cau
traic m=3,n=3 v6i sai s6 wéc lwong:
AW =7.4924*107 tai a = 0.401. Cac dac tinh bién
do tan sb logarit cia cac mé hinh ban dau va wéc
lwong dwoc thé hién trong Hinh 4. Khi tang bac cac
da thtec m,n ctia md hinh xap xi thi sai sé wéc
lwong sé gidam dan nhwng khéng tuyén tinh do tbc
do gidm cla tl va mau thire khac nhau, con trén
dac tinh tan sb, vang tan s ma cac mé hinh gbc
va xap xi gan nhau sé dwoc mé rong.

Tw phan tich cac két qua chi ra trong bang 1
cho thay giai phap sé wéc lvong duwoc dé xuét so
véi cac nghién ctru [8-12] ¢6 nhirng wu diém:

- Cac phép tinh don gian va trwc quan do chi
phai thao tac véi cac sé thuc.

- M& hinh x4p xi c6 bac thap trong khi sai sb
wée lwong van dadm bao yéu cau. Didu nay rat
quan trong khi xay dwng cac hé théng diéu khién
th&i gian thyec.

CHUONG TRINH TU PONG UGC LUONG HAM TRUYEN

MO HINH POI TUGNG

[ 5 -5 )
] L [ +£‘c ks L5 +E_9
W, (s)= (‘htf_,\j o et e ..sh(f,\‘f )
W +T,8 (s '6—")(‘ e s w +T,,.8
\ \ m "

THAM SO POI TUQGNG HAM TRUYEN POI TUQONG

1
cosh((50*((s"2 + (5*s)/163)/(s/100 + 1))N(1/2))/201) +
(5*sinh((50*((s"2 + (5*s)/163)/(s/100 +
1))(1/2))/201)*(5860*s"2 + 1800*s))/(32763*((s"2 +
(5%s)/163)*(s/100 + 1))(1/2))

THAM SO CAU TRUC CUA MO HINH XAP XI

THAM SO Bac 3/3: m=3; n=3 ~
CHON KHHOANG NOI SUY

0.001 |: 0.1 : 1

CAC BPIEM NUT NOI SUY

SO DIEM NUT NOI SUY CAN SU DUNG: 7
51= 1*a 5= 0.39481%a
52= 2.5328%a 56= 0.12244%a
83= 8.1672%a 87=  0.012695%a
54= 78.77*a CHAY

MO HINH XAP Xi

CAU TRUC HAM TRUYEN XAP XI

m -l
Wis)= bs™+b, s +..+hs+b,

R Al
a,s’ +a, s +. . +as+a,

HAM TRUYEN XAP XI NHAN BPU'GC

0.0002746 s"3 - 0.01007 s"2 + 0.0133 s + 1

0.00116 s*3 + 0.2436 s"2 + 0.08258 s + 1

SAT SO XAP Xi: 7.4924e-07
KHAO SAT PAC TINH BIEN PO TAN SO

50

0

-50

L(omega)

-100

-150
107 10° 10' 102
Lg(omega)

HAM XAP XI TOI UU X0A KET THUC

Hinh 3. Giao dién chwong trinh ty ddng wéc lwong ham truyén

16
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Bang 1. Két qua wdc lwgng ham truyén (9) véi cac tham sb (m,n) khac nhau

(m,n) [81,8n] W*(s) AW
1.005
01  [0.133,0.135] 097450 0.031118
1
0,2 * -4
0,2)  [0.061,0.071] e O GEGaEe 1.5542*10
1
0,3 .02,0. _ * 4 (-4
©3) [0.02,0.03] 3.008 *10*s® + 0.2526s? + 0.06928s + 1 28754710
—0.08803s +1
(1.1 [0.77,0.8] 0.178%s 11 0.0260
—0.5256s +1
1 2 * -4
(1,2) [0.37,0.41] 5535452+ 0 018835 11 6.1115*10
0.06928s +1
1,3 . . : *10+
(13) [0.87,0.88] 8.786 *10*s® + 0.2423s” + 0.04243s +1 2.6518710
—0.009639s? + 0.0095365s + 1
(2,2) 5.104,7.10* 6.1381*10*
[ ] 0.2438s? +0.07882s +1
2
(23)  [0.001,0.1] _0'00?6163 +0.02117s + 1 1.5897*10
0.002942s” + 0.2446s° + 0.09045s +1
3 2
(3.3) [0.3,0.5] 0.0002958§ 3—0.010068 2+ 0.008662s +1 7 4924%10
1.831*107°s” +0.2433s“ +0.07794s +1
4. KET LUAN development. Ocean Engineering Volume 30,

Bai bao da dé xuat va khao sat mot giai phap sb
wéc lwong ham truyén mo té cac hé phi tuyén phirc
tap (rng dung phwong phap néi suy thwe. Tha tuc
duwoc dé xuat cho phép lwa chon ciu tric bat ky
ctia mé hinh xap xi, gidm khéi lwong tinh toan va
loai bd cac han ché khoéng khac phuc dwoc khi
khao sat hé thdng trong mién thdi gian hodc tan sé.
Ngoai ra, né ciing cho phép gidm sai s xap xi nhe
tha tuc 18p theo diém nuat ndi suy va tham sé cau
tric khac nhau. Két qua cia nghién clru nay cé thé
duwoc sir dung khi tdng hop hé théng diéu khién 6n
dinh TUV duéi tadc dong cha séng bién. Nhirng
phat trién tiép theo sé tap trung vao viéc cai thién
dd chinh xac wéc lweng sir dung cac luat phan b
diém nut khéng déu khéc.
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