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LOI CAM DOAN

Tén tdi 12 V& Hong Hai - Nghién ctu sinh chuyén nganh Khoa hoc
hang hai va tac gia luan an tién si: “Nghién citu i#ng dung bé diéu khién PID
dira trén mang no-ron nhan tgo thich nghi cho hé thong diéu khién tau thaiy”,
dudi sy hudng dan cua tap thé nguoi hudng dan khoa hoc: Thay PGS. TS.
Pham Ky Quang va thay PGS. TS. Nguyén Phung Hung, thuc hién tai Truong
Dbai hoc Hang hai Viét Nam.

Bing danh du caa ban than, nghién ciru sinh cam doan ring:

- Luan an nay la cong trinh nghién ctu cua riéng nghién ctu sinh,
khong c6 phan noi dung nao duoc sao chép mot cach bat hop phép, tir cong
trinh nghién ctru cua tac gia hay nhom tac gia khac;

- Céc sb liu, két qua nghién ctiru dugc néu trong luan an, chua duoc ai
cong bé trong bat ky cong trinh nghién ctru nao khéc trude do;

- Céc théng tin, so liéu trich dan, tai liéu tham khao trong luan an déu
duoc chi rd vé xuat xa, ngudn gdc va dam bao tinh trung thuc.

Hai Phong, ngay 19 thang 11 nam 2020

Nghién ciru sinh



LOI CAM ON

T6i xin chan thanh cam on Truong Pai hoc Hang hai Viét Nam, Vién
Pao tao sau dai hoc Truong Pai hoc Hang hai Viét Nam da cho phép va tao
diéu kién cho t6i thuc hién luan &n nay.

T6i xin chan thanh cam on hai Thay huéng dan khoa hoc, PGS.TS.
Pham Ky Quang va PGS.TS. Nguyén Phung Hung di tan tinh, tdm huyét
hudng dan, dinh hudng nghién cau gidp toi hoan thanh luan an nay.

To61 xin chan thanh cam on Vién Pao tao sau Pai hoc, Khoa Hang hai,
Bo mon Hang hai Truong Pai hoc Hang hai Viét Nam ludn giup do va dong
vién tdi trong suét qua trinh hoc tap va nghién cau.

T6i xin chan thanh cam on Truong Pai hoc Giao thong Van tai
TPHCM di tao diéu kién cho t6i duoc thi nghiém dé tai luan an cua minh;
Cac Thay c6 gido, nha khoa hoc da gop y, phan bién va danh gia giap toi ting
buéc hoan thién luan an nay. Cudi cing, tdi xin bay to 1ong biét on sau sac toi
gia dinh va ban bé da ludn dong vién, khuyén khich, tao diéu kién cho toi

trong suét thoi gian tdi nghién cau hoan thanh cong trinh nay!

Hai phong, ngay 19 thang 11 nam 2020

Tac gia

V6 Hong Hai
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Chir viét tit

Giai thich y nghia

ANN Artificial Neural Network: Mang no-ron nhén tao
ANNAI Adaptive Neural Network by Adaptive Interection: Mang
no-ron thich nghi theo phuong phép thich nghi tuong tac
BDK Bo diéu khién
BPNN Back-Propagation Network: Mang no-ron lan truyén nguoc
PDKTP biéu khién ty dong
MATLAB  Co6ng cu lam toan trén ma tran
MLTD May lai ty dong
NCKH Nghién ctru khoa hoc
NCS Nghién cuu sinh
NNC Neural Network Controller: Bo diéu khién mang no-ron
PID Proportional — Integral — Derivative: Ty Ié - Tich phan — Vi
phan
ROV Phuong tién ngam diéu khién tir xa

Vi




DANH MUC HINH VE VA PO THI

S6 hinh Tén hinh vé va db thi Trang
1.1 Pon vi xtr Iy cila mang no-ron nhan tao 13
1.2 Ham truyén tuyén tinh 14
1.3 Ham truyén gi6i han cing 15
14 Ham truyén dang sigma 15
1.5 | Ham truyén dang tang-sigma 16
1.6 Mang no-ron truyén thang nhiéu 16p 17
1.7 Mang no-ron hdi quy 17
1.8 M6 hinh nhan dang co ban 19
1.9  So d6 phuong phap diéu khién gian tiép 20

1.10 | So dd phuong phap diéu khién truc tiép 21
1.11  So db ciu trac BDK PID dua trén mang BPNN 22
1.12 | Cau trGc mang no-ron lan truyén nguoc 23
1.13 M0 phong su thay doi cua K, K; va K, 24
1.14 M6 phéng hudng di 25
1.15  Su thay ddi cta goc bé lai 25
1.16  So d6 ciu trac BPK PID dua trén mang RBF 26
1.17 | Cau trdc mang no-ron RBF 27
1.18  Hudng di cua tau khi kndng co6 nhiéu 28
1.19  Hudng di cua tau khi cd nhiéu 28
1.20 M0 phéng su thay doi cua K, K; va K, 29

vii




1.21 | Céc hé toa do tham chiéu 30
1.22  HE¢ truc toa d¢ va cac dai luong 32
1.23  Céc goc xoay Euler 35
2.1 So db nguyén Iy BDK PID no-ron lan truyén ngugc 44
2.2 Céu trGic mang no-ron lan truyén nguoc 45
2.3 So d6 khdi thuat toan diéu khién PID - BPNN 50
- So d6 nguyén ly BPK PID no-ron NN1 véi b nhan o1
dang no-ron NN2
2.5 Cau trdc mang no-ron nhan dang NN2 51
2.6 MO hinh dau vao — dau ra 53
2.7 CAu trdc nhan dang song song 54
2.8 Cau tric nhan dang chudi song song 55
31  ToécddgioV, vahuéng gio 7, 60
30 Hudng tau va goc beé lai khi khong cé gi6 va nhiéu tac -
dong
3.3 Sy thay doi cac tham s K, K; va Kq 66
- Sai s6 hudng di, toc do va gia téc quay tro hudng miii -
tau
3.5  Hudng di va goc bé lai khi co gi6 va nhiéu tac dong 68
3.6 Sy thay doi cac tham sb Ko, K; va Kq 68
- Sai s6 hudng di, toc do va gia téc quay tré hudng miii 60
tau
28 Huéng tau va goc bé 1ai khi khéng cé gi6 va nhiéu tac -

dong

viii




3.9 Sy thay doi cac tham sb Ko, K; va Kq 71
3.10  Sai s6 hudng di, tc d6 va gia téc quay tré hudng tau 72
3.11  Pau racta bo nhan dang no-ron NN2 72
3.12  Hudng tau va goc bé lai khi c6 gi6 va nhiéu tac dong 73
3.13  Suthay doi cac thong sé Ko, Ki va Kq 74
3.14  Sai s6 hudng di, tc d6 va gia téc quay tré hudng tau 74
3.15  Paura cta bo nhan dang no-ron NN2 75
4.1  Quy dao di chuyén mong mudn caa con tau 77
4.2  Diéu kién thuc nghiém tau md hinh trén thuc té 78
4.3 Tau md hinh 79
» So d6 khoi hé thong diéu khién hudng tau st dung 2o
BDK PID no-ron
4.5 Qu¥ dao cua tau véi BDK PID no-ron 80
46  Saisb bam quy dao cua tau véi BPK PID no-ron 81
4.7  Saisd goc mili tau cua tau véi BPK PID no-ron 82
4.8 Goc banh lai voi BBK PID no-ron 83
4.9 Goc miii tau véi BDK PID no-ron 84




DANH MUC CAC BANG

So bang Tén bang Trang
1.1 Ky hiéu cia SNAME (1950) ddi véi tau bién 33
31 Tong binh phuong d6 léch hudng va tong binh phuong 66
' goc b lai khi khong c6 gi6 va nhidu

- Tong binh phuong d6 léch huéng va tong binh phuong 60
' géc bé 1ai khi cé nhiéu va gi6

23 Tong binh phuong d6 léch hudng va tong binh phuong 13
' gdc be lai khi khéng co nhiéu va gio

34 Tong binh phuong d6 léch huéng va tong binh phuong -

gdc bé lai khi ¢ nhiéu va gié




MO PAU
1. Tinh cép thiét caa luan an

Céc phuong phap diéu khién truyén thong dé thiét ké cac hé thong diéu
khién tién tién cho tau thuy dién hinh nhu bd diéu khién ty 1& - vi phan - tich
phan (PID) van con phé bién bai vi n6 c6 ciu trac don gian va tinh bén viing
cao. Tuy nhién, viéc cai tién chat lugng bo diéu khién PID cua hé thong diéu
khién tau thay van luén 12 van dé thoi sy cho cac nha nghién cau, bai vi khi
thiét ké bo diéu khién cho tau thay, bo diéu khién PID thuong yéu cau phai co
mo hinh dong hoc cua tau thuy do.

Thuc té, cac tinh ning dong hoc cua tau thuy thuong mang tinh phi
tuyén cao va chiu anh hudng caa nhiéu yéu té nhiéu loan bén ngoai. Ban than
yéu t6 nhidu loan bén ngoai cling mang nhiing dac tinh phi tuyén va khéng
xéac dinh cao. Piéu d6 dan dén viéc phai xay dung cac cau tric va tham so
khong xac dinh va yéu cau phai ¢ ky thuat diéu khién tién tién.

Hién nay, cac nha khoa hoc trong linh vuc nay, da khdng ngung nghién
ctru cai tién chat luong bd diéu khién PID theo hai huéng co ban sau:

- Thr nhat, cai tién cau trac bo diéu khién PID;

- Tha hai, két hop ly thuyét 16-gic md, mang no-ron nhan tao, thuat
toan di truyén va ly thuyét diéu khién thdng minh khéac véi bo diéu khién PID
thong thuong, nham dat dugc chat luong diéu khién mong muén.

Do vay, bo diéu khién két hop nay con duoc goi 1a bo diéu khién PID
thong minh. Bo diéu khién PID thong minh khéng yéu cau phai ¢c6 md hinh
toan hoc cua d6i twong mot cach chinh xac, cac tham s cua hé théng co tinh
bén vimng hon.

Hién nay, mang no-ron nhan tao dwoc tng dung rong rai trong nhiéu
linh vuc, trong d6 co linh vuc diéu khién tu dong, vi mang no-ron cé thé giai

quyét nhitng van dé diéu khién phuc tap, ngay ca véi ddi twong diéu khién co



tinh phi tuyén cao, c6 moi trudng bén ngoai tac dong khdng dy doan duoc,
lam cho tinh ning cta dbi twong tré nén kho diéu khién. Hon nita, kha ning
tinh toan nhanh ctia mang no-ron cling lam cho chiing tré' nén kha thi véi cac
tng dung diéu khién theo thoi gian thuc. Mit khéac, nho kha niang cua mang
no-ron nhan tao nham xap xi tinh phi tuyén cua d6i teong diéu khién dé diéu
chinh ba tham sé PID trong thai gian thuc nhim dat dugc chét lwong PID mot
cach ti vu nhat.

Dé giai quyét duoc cac bai toan c6 yéu té khong xac dinh trong cac md
hinh dong hoc tau thuy, cling nhu nhiéu loan do méi trudng bén ngoai tac
dong nhu song, gid, dong chay,... phuwong phap diéu khién két hop PID no-
ron dd dugc dé& xuat, nghién ciru va phat trién nhiéu trén thé gioi trong thoi
gian gan day.

La quéc gia bien, Viét Nam thyuc hién cha truong phat trién manh
nganh van tai bién va cng nghiép dong tau theo hudéng hoi nhap qudc té va
dap tng nhu cau van tai cua xa hoi véi muc tiéu: “Xay dung va phat trién
nganh cdng nghiép tau thay Viét Nam dén nim 2020 va dinh hudng phat trién
dén nam 2030, nham dap ung yéu cau phat trién kinh té bién phi hop voi
Chién lugc bién Viét Nam dén nam 2020, phuc vy nhu cau phat trién kinh té -
x& hoi; gop phan cang cb qubc phong, an ninh va bao vé chu quyén qudc gia
trén cac ving bién va hai dao cua T6 qudc” [62].

Tai Viét Nam, viéc nghién ciu hé thong diéu khién tién tién cho tau
thiy van con khiém tén va chua duoc ung dung rong rai. Nghién ctu nham
nang cao chat lwong hé théng diéu khién tau thuy s& 1a mot trong nhitng van
dé quan trong cho hién dai hda nén cong nghiép dong tau tai Viét Nam, nhét

la trong thoi ky Cach mang cong nghiép 4.0.



Xuat phat tir cac Iy do trén, tic gia da chon dé tai luan an: “Nghién ciu
ing dung bé diéu khién PID dwa trén mang no-ron nhan tgo thich nghi
cho h¢ théng diéu khién tau thiy”.

2. Muc dich nghién ctru

Trén co s& nghién ciu cac phuong phap diéu khién PID thong thudng
va diéu khién théng minh. Muc tiéu nghién ctu caa luan &n 1a phét trién Gng
dung bo diéu khién PID dua trén mang no-ron thich nghi cho hé théng diéu
khién hudng di tau thuy, tir 6 cai tién nang cao chat lugng bo diéu khién PID
cua hé théng diéu khién nay, nham dua ra bo diéu khién PID thich nghi tbi uu
hon. Pong thoi, thuc hién thiét ké thir nghiém bo diéu khién PID no-ron thich
nghi theo mé phong va thuc nghiém.

3. Poi twong va pham vi nghién ciru

Poi tong nghién cizu cia lugn an: He thong diéu khién hudng di cua
tau thuy, tap trung vao hé théng may lai tu dong tau thuy.

Pham vi nghién cuu cua lugn an:

- Nghién ctru céc thuat toan diéu khién thich nghi dya trén su két hop
giita mang no-ron nhan tao va diéu khién PID thong thuong.

- Pé xuat phat trién thuat toan va tang dung vao thiét ké may lai tu dong
sir dung bo diéu khién PID no-ron thich nghi cho diéu khién huéng di tau thuy.

- Str dung phan mém Matlab dé md phong bo diéu khién duoc dé xuat.
Dénh gi& chat luong bd diéu khién PID no-ron thich nghi véi bo diéu khién
PID thong thuong.

- Thyc nghiém trén md hinh tau thu nhé trong bé thir truong Pai hoc
Giao théng Van tai Thanh phd HS Chi Minh.

4. Phwong phap nghién ctru
Phuong phap nghién ctu Iy thuyét két hop nghién ciu thuc nghiém, dé

lam noi bat tinh khoa hoc va tinh thyc tién cia van dé can giai quyét, cu thé:



Nghién cizu ly thuyét:

- Phan tich, tong hop hé théng diéu khién PID thong thudng va mang
no-ron nhan tao;

- Xay dung md hinh nhan dang tau thay bang mang no-ron nhan tao;

- Thiét ké may lai ty dong sir dung thuat toan PID dya trén mang no-
ron truyén thang dé diéu khién huéng di tau thuy;

- Ung dung Matlab 1am cong cu d& md phong kiém ching lai tinh chinh
xac, kha thi cua thuat toan.

Nghién cuizu theec nghiem:

- Thiét ké mo hinh tau thuy va ang dung bo diéu khién PID no-ron vao
diéu khién trong méi truong thuc;

- So sanh vai bo diéu khién PID thong thuong dé chiing minh tinh hiéu
qua ctia bo diéu khién PID no-ron thich nghi.

5. Y nghia khoa hoc va thuc tién

Y nghia khoa hoc cua lugn an:

- Xay dung co so ly thuyét két hop bo diéu khién PID va mang no-ron
nhan tao dé thiét ké hé thong diéu khién hudng di tau thuy. Két qua nghién
ctru dat dugc da gop phan hoan thién mot phan vé co sd Iy luan khoa hoc lién
quan dén van d& nghién ctu cua luan an va doéng gop nhat dinh cho khoa hoc
hang hai;

- P& xuat phat trién thuat toan, tan dung vu diém caa bo diéu khién PID
va mang no-ron nhan tao dé nang cao chat luong hé thdng diéu khién hudng
di, ting kha ning thich nghi va do chinh xac dan duong;

- Cai tién bo diéu khién PID va mang no-ron lan truyén nguoc véi thuat
toan huan luyén ting cuong va b nhan dang no-ron cho bo diéu khién nham
ting cudng do chinh xac dan duong va thich nghi véi nhiéu loan méi trudng.

Y nghia thuc tién cua lugn an:



- Két hop chit ché co so Iy thuyét diéu khién tu dong va tng dung vao
thuc tién thiét ké may lai tu dong tau thay;

- Két qua nghién ctu c6 thé 1am tai liéu tham khao cho cac cong trinh
nghién ctu tiép theo, nhat 1a tng dung diéu khién théng minh vao hé thdng
dan duong tau thay nhu giam lic tau thay, dinh vi dong. ..

6. Nhitng diém déng gop méi

Lu4n an da ké thira, phat trién 1y thuyét va tng dung ky thuat diéu
khién PID véi mang no-ron nhan tao trong diéu khién tau thiy. Nhitng diém
dong gdp méi cia ludn an dugc tom tat nhu sau:

- Tan dyung kha ning diéu khién va dé phat trién cia BDK PID dé thiét
ké so bo, két hop véi BDK no-ron, nham diéu khién hudng di tau thiy.

- B diéu khién PID véi cac tham s6 Ky, K; va Kq duge diéu chinh bang
mang no-ron lan truyén nguoc dugc tinh toan md phong tudng minh. Kha
nang tong hop va mo hinh héa truc tuyén ctia mang no-ron gitp cac tham sb
cua BDK PID duogc tinh chinh va lya chon truc tiép theo thoi gian, tinh thich
nghi cia mang no-ron trong diéu khién dugc tdn dung va phat huy. Phuong
phap mg dung nay khong méi tai thoi diém nghién ctru luan an nhung ciing it
tac gia ung dung vao diéu khién tau thuy. Bac biét, viéc huan luyén mang truc
tuyén lién tuc trong qua trinh diéu khién ma tac gia sir dung trong cong trinh
nay, trong nghién ctru uing dung loai nay 1a méi va chua c6 tac gia nao thuc
nghiém.

- Thiét ké bo nhan dang mé hinh tau thuy theo phwong phéap tin hiéu
vao - ra duoc gidi thiéu va ing dung. Bo nhan dang nay sir dung mang no-ron
nhiéu 16p truyén thiang nhung duoc tac gia huin luyén mang theo phuong
phap truc tuyén, ting cuong nén tdc do thich nghi tot, c6 kha niang nhan dang
mod hinh tau phi tuyén bién do6i theo thoi gian chit khong chi mé hinh tuyén

tinh tinh nhu cac nghién ctru trude dé. Véi vige két hop mo6 hinh nhan dang



no-ron ndy, phuong phap diéu khién duoc tién hanh kiéu diéu khién dy doan
theo thoi gian thuc, ning cao tinh thich nghi va chat lugng diéu khién.
7. Két cau caa luan an

Két cau cua dé tai luan an gom cac phan thu ty sau:

- Phan m¢ dau;

- Phan noi dung (dwoc chia lam 4 chwong);

- Phan két luan va kién nghi;

- Danh muc céc cong trinh khoa hoc da cong bé lién quan dén luan an;

- Tai liéu tham khao;

- Phan phu luc (gém 3 phu luc).

Phan ni dung cua luan an dugc chia thanh 4 chuong 6 thé tom tat nhu
sau:

Chuwong 1. Tong quan van dé nghién ciru va mang no-ron nhan tao
trong diéu khién.

Phén tich, danh gia tong quan va chi tiét tinh hinh nghién cau trén thé
gidi va trong nudc lién quan dén luan an vé ang dung mang no-ron nhan tao
va BBPK PID trong diéu khién hudng di tau thuy ma nghién cau sinh thuc
hién.

Hé thdng hoa co so 1y luan vé mang no-ron nhan tao, cdu tric mang,
cac phuong phap tng dung mang no-ron trong nhan dang va diéu khién.

Trinh bay tong quan ly thuyét va phuong trinh diéu khién tau theo quy
dao trén bé mit trai dat, 1am co s& cho bai todn tng dung BPK hudéng tau vao
diéu khién dan tau theo mot quy dao cho trudc.

Trinh bay cac yéu té tac dong téi viéc giit huong tau nhu séng, gio,
dong chay s€ dugc stir dung trong mé phong; md hinh toan hoc tau thay duoc
trinh bay chi tiét trong Phu luc 1.



Chuwong 2. Bj diéu khién PID no-ron thich nghi dwa trén mang no-
ron lan truyén ngwoc cho hé théng diéu khién huéng di tau thiy

Trong chuong nay, tac gia da tap trung nghién ctru xay dung BBK PID
dwa trén mang no-ron lan truyén nguoc khong c6 va ¢ bo nhan dang no-ron.
Mang no-ron lan truyén nguoc di duoc thém thuat toan huin luyén ting
cuong dé tang toc do thich nghi caa hé théng, duoc st dung véi vai tro diéu
chinh nhanh va chinh xac cac tham s6 ctia BDK PID.

Bén canh do6, tac gia nghién ctru va xay dung bd nhan dang mo hinh
no-ron theo phuong phap tin hiéu vao - ra. B nhan dang nay str dung mang
no-ron nhiéu 16p truyén thang nhung duoc tac gia huan luyén mang theo
phuong phap truc tuyén, ting cuong nén tdc do thich nghi tot, ¢ kha nang
nhan dang mé hinh tau phi tuyén bién doi theo thoi gian.

Véi viéc két hgp mo hinh nhan dang no-ron nay, phuong phéap diéu
khién duoc tién hanh kiéu diéu khién dy doan theo thoi gian thyc, nang cao
tinh thich nghi va chat lugng diéu khién.

Chuong 3. Két qua md phéng

Chuong nay, tac gia trinh bay phuong phap mé phong két qua trén may
tinh. Két qua tinh toan md phong trén mo hinh todn hoc tau thuy, dam bao
tinh kha thi, c6 do tin cay cua phuong phap.

Chuwong 4. Két qua thwe nghiém

Chuong nay, tac gia tién hanh thuc nghiém BDK PID dya trén mang
no-ron lan truyén nguoc dé ung dung diéu khién huéng di tau thuy. Két qua
tinh toan mo6 phdéng va thyc nghiém trén mé hinh tau thuy thu nhd, dam bao

tinh kha thi, hiéu qua cua dé tai nghién ciru.



CHUONG 1. TONG QUAN VAN PE NGHIEN CUU VA MANG NO-
RON NHAN TAO TRONG PIEU KHIEN

1.1. Téng quan véan dé nghién ciu cha luan an

Nghién ctru sinh da tham khao, nghién ctu cac tai liéu khoa hoc da
dugc cong b trén thé gidi va trong nude lién quan dén linh vuc nghién ctu
cua luan an. Céc cong trinh nghién ctru duoc ké ra sau day:

1.1.1. Tinh hinh nghién ci#u trén thé gidi lién quan dén lugn an

Trong linh vuc diéu khién tu dong, cac nha khoa hoc thuong cé xu
huéng tiép tuc nghién ciu phat trién phuong phap diéu khién méi dya trén
phuong phap cii dé khac phuc nhimg nhuge diém ton tai hodc tim kiém céc
phuong phép hoan toan khac khong dua trén phuong phép cii da co trude day.
Piéu nay 1am thuc ddy manh mé cac tng dung trong linh vuc diéu khién tu
dong & pham vi rong.

Mic di cd nhitng budc tién manh mé, nhung cho dén gid cac phuong
phap diéu khién méi van chua thay thé hoan toan cac ki thuat pho bién, nhu
diéu khién PID truyén thong. Ké tir khi thuat toan diéu khién PID dugc ki su
nguoi My géc Nga Nicolas Minorsky ap dung vao hé thong may lai tu dong
tau thay [19, 21, 35] nim 1922 dén nay, di c6 nhiéu nghién ctu vé bo diéu
khién PID nay duoc ung dung rong rai trong linh vuc diéu khién tu dong ké
ca viéc ung dung tri tué nhan tao [17, 20, 25, 28, 32, 33, 35, 37, 40, 60]. Mac
d0 vday, BBK PID van chiém hon 90% tng dung trong cac hé théng cong
nghiép [17].

Trong nhimg nim gan ddy, ky thuat diéu khién ding mang no-ron nhan
tao da phat trién rat nhanh chong. Nhiéu hé thong mang no-ron véi céc cau
tric khac nhau da duoc dé xuat va ung dung rong réi trong k¥ thuat. Mang

no-ron rat hiru ich va hiéu qua trong diéu khién do ching cé nhimg dac tinh



sau: (1) 1a mang c6 cau tric song song 1én; (2) c6 dic tinh phi tuyén cé hiw;
(3) cd kha ning hoc cuc manh; (4) c6 kha ning tong quét hoa; (5) co tinh on
dinh duoc dam bao cho mét s6 hé théng diéu khién nhat dinh [6].

Bo diéu khien PID thich nghi dya trén viéc diéu chinh cac tham sé K,
K, va K, bang mang no-ron nhan tao thich nghi dugc goi la diéu khién PID
no-ron duoc cac nha khoa hoc nghién ciu tng dung rong réi trong hé théng
cong nghiép nhu cac cong trinh nghién ciu cua Martins and Coelho [33],
Junghui va Huang [26], Andrasik va cac cong su [19]. Hon nira, tinh don gian
la mot trong nhitng dic trung quan trong cta bo didu khién PID va cac nha
thiét ké hé théng da giir lai dic diém ndy. Céc thuat toan dugc dé xuat boi
Widrow va Streans [59], Brandt, Lin va Saikalis [19], [20], Junghui va Huang
[26] khong thay doi cau tric cua bo diéu khién PID thong thudong ma cd gang
st dung kha nang thich nghi cua mang no-ron nhan tao. Thuat toan cua
Widrow va Streans dung kha nang du doan cta mang no-ron nhan tao;
Brandt, Lin va Saikalis diung mang no-ron nhan tao thich nghi twong tac dé
diéu hudng cac trong sb ctia mang no-ron va thuat toan caa Junghui va Huang
ngin chan su tach roi tinh phi tuyén caa qué trinh.

Phat trién hé thong diéu khién tau thiaty 1a muc tiéu nghién ctu cua rat
nhiéu nha khoa hoc. Mot sé cong trinh nghién ctu thiét ké hé théng diéu
khién tau thay tiéu biéu trong thoi gian gan day nhu:

- Cong trinh cia Ming-Chung Fang va céac cong sy (nam 2010): “Ung
dung bé diéu khién PID no-ron tw diéu chinh cho giam ldc ngang tau thuy
trong song ngdu nhién ’[37] da giéi thiéu moét mod hinh toan hoc bao gom cac
tinh nang di bién va quay tré cua tau dé phan tich viéc giam lic ngang cho tau
thuy. Bo diéu khién PID dua trén Iy thuyét mang no-ron nhan tao dwogc tng
dung dé diéu chinh t6i wu cac goc cua vay giam lac nham giam chuyén dong

lac ngang cho tau thaty trong séng ngau nhién. Hai mang no-ron da 16p, bao



gom mang no-ron nhan dang hé théng (NN1) va mang no-ron diéu chinh cac
tham sé (NN2) duoc st dung trong nghién ciu ndy. K§ thuat diéu khién nay
c6 thé luu giir thoi gian cho viéc tim cac do loi PID t6i wu trong bat ky trang
thai mat bién ndo. Céc két qua mo phong ching to thuat toan PID tu diéu
huong dya trén Iy thuyét mang no-ron nhan tao 1a hoan toan kha thi cho giam
lic ngang tau thuy trong thuc té di bién. Pay 1a thuat toan dua trén diéu khién
gian tiép doi hoi c6 cau tao hé thdng phuc tap va tap trung vao bo diéu khién
vay giam lic cho tau thay.

- Cdng trinh nghién ctru cua Xingxing Huo va cac cong su (ndam 2012):
“piéu khién PID dwa trén mang no-ron lan truyén nguwoc cho diéu khién
huéng di tau thiy” [38] da d& xuat mot thuat toan mai duwa trén su két hop
giita diéu khién PID thong thudng va mang no-ron lan truyén nguoc cé tinh
dén anh huong cua séng, gio va dong chay. Bo diéu khién PID no-ron kiéu
nay di cai thién dugc tinh bén viing caa hé thong va c6 kha niang thich nghi
t6t hon voi md hinh tau phi tuyén. Tuy nhién, giai thuat caa mang no-ron lan
truyén nguoc dua trén phuong phap giam do léch gradient nén toc do hoi tu
cham va mang c6 thé hoi tu vao cac gia tri cuc tiéu khac nhau.

- Cong trinh nghién ctru caa Zeyu Li va cac cong sy (nim 2012): “Piéu
khién PID dua trén mang no-ron RBF cho diéu khién huéng tau” [39] da dé
xuat mot thuat toan két hop gitta diéu khién PID thong thudng va mang no-
ron nhan tao ham co s& xuyén tam (RBF), thong qua kha ning xap xi phi
tuyén bat ky dé diéu huong ba tham sé cua bo diéu khién PID trong thoi gian
thuc nhim dat duoc diéu khién PID téi vu va loai bo sy anh huéng do su
khong chic chan caa md hinh va nhidu loan bén ngoai nham dat duoc muc
tiéu ty dong diéu khién huéng tau. Két qua mé phong cho thay do chinh xac

diéu khién tét hon cac phuong phap truyén théng.
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- Cong trinh nghién ciru cua Rodrigo Hernandez-Alvarado va cac cong
su (nam 2016): “Piéu khién PID ti diéu chinh dya trén mang no-ron nhan
tao cho phwong tién ngam” [60] da dé xuat mot phuong phap didu khién moi
cho ROV duya trén b diéu khién PID c6 cac tham sé duoc diéu chinh bai
mang no-ron nhan tao. Mang no-ron nhan tao 1a mang no-ron lan truyén
nguoc ¢ kha nang thich nghi véi tac dong caa dong chay ngam dén ROV, sai
s6 binh phuong trung binh giam con 50% so véi BPK PID thong thuong. Tuy
nhién, thuat todn lan truyén nguoc trong nghién ctu ndy van c6 mot dac diém
chung 14 toc @6 hoi tu cham.

1.1.2. Tinh hinh nghién cizu trong nwdéc lién quan dén lugn an

O Viét Nam, tac gia Nguyén Hoang Diing di trinh bay giai thuat két
hop gitra b diéu khién feedforward va feedback dé diéu khién hé phi tuyén.
Feedback phat Iénh diéu khién tac thoi va feedforward phat Iénh diéu khién
xé4c 1ap. Feedback chinh 1a bo diéu khién PID va feedforward dugc huén
luyén dya trén mang noron lan truyén nguoc giam gradient (gradient descent)
véi toe d6 hoc thich nghi. Bo diéu khién nay co vai trd bd sung chinh vao céac
thanh phan khong xac dinh c6 thé xay ra luc diéu khién doi tuong [2]. Trong
linh vyc diéu khién tau thay, TS. Nguyén Phung Hung da tng dung mang no-
ron nhan tao vao may lai tu dong kiéu thich nghi diéu khién tau [29, 30, 31];
TS. Nguyén Cong Vinh da nghién cttu tng dung bo diéu khién logic mo trong
may lai ty dong tau thay [15]; Phuong phiap md hinh diéu khién dyu béo
(MPC) di dugc TS. Pham Hiru Puc Duc ung dung dé diéu khién thich nghi
huéng chuyén dong cua tau thuy khi co nhidu bén ngoai tac dong voi muc
dich nham cai thién d6 théng minh cua bo diéu khién [1]. Mot bo diéu khién
PID thich nghi cho hé on dinh &p suat dua trén bo nhan dang ding mang no-
ron ham co s& xuyén tdm duoc TS. Nguyén Chi Ngon nghién cau xay dung

[9]. Tuy nhién, viéc nghién ctu tng dung cai tién bo diéu khién PID thich
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nghi dya trén mang no-ron nhan tao cho hé théng diéu khién tau thary chua c6
tac gia no tai Viét Nam dé cap tdi.

TOm lai, voi pham vi va d6i twong nghién ciu cu thé cua luan an, van
dé nghién ctu cua tac gia lubn mang tinh thoi su, c¢o ¥ nghia khoa hoc va thuc
tién chuyén nganh hang hai va khong triing 13p voi cac cong trinh di cong bd
trudce do.

1.2. Mang no-ron nhan tao trong diéu khién

Mang no-ron nhan tao (ANN) la mét mé phong xur 1y thong tin, duoc
nghién ctiu tir hé thdng than kinh cua sinh vat, giéng nhu bo ndo dé xir ly
thong tin, bao gom sé luong Ion cac moi gan két cap cao dé xu ly cac yéu td
lam viéc trong mdi lién hé giai quyét van dé rd rang. ANN gidng nhu con
nguoi, dugc hoc bai kinh nghiém, luu nhitng kinh nghiém hiéu biét va st
dung trong nhiing tinh huéng phu hop.

Pau tién ANN dugc gidi thiu nim 1943 béi nha than kinh hoc Warren
Mc Culloch va nha 16-gic hoc Walter Pits. Nhung vdi nhitng ki thuat trong
thoi gian nay chua cho phép ho nghién ciru dugc nhiéu. Nhitng nim gan day,
m6 phong ANN xuét hién va phét trién ngay cang rong rai. Cac nghién cau
g dung da duoc thyc hién trong cac nganh: dién, dién tir, ki thuat ché tao, y
hoc, quan s, giao thdng, kinh té,... va méi nhit 12 cac nghién ctu tng dung
trong linh vuc diéu khién tau [20, 34].

1.2.1. Cdu trGc mang no-ron nhan tgo [7,63]
1.2.1.1. Bon vi xur ly

Mot don vi xtr 1y, ciing duoc goi la mot no-ron hay mot nut (node),
thuc hién mot cong viéc rat don gian: Nhan tin hiéu vao tir cac don vi phia
trudc hay mot ngudn bén ngoai va sir dung chiing dé tinh tin hiéu ra s& dugc
lan truyén sang cac don vi khac (hinh 1.1).

Trong do: X - Cac dau vao (i = 1,... n);
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w;, - C4c trong so tuong tng véi céc dau vao;
0, - bg léch (bias);

a;- bau vao mang (net-input);

z,- Dau ra cia no-ron;

g(x)- Ham truyén (hay ham kich hoat).

X, Wil <:> 4 o(a) S

! aj = Z wixi + 6 zi= g(ay)
i=l

Hinh 1.1. Pon vi xtr ly ctia mang no-ron nhan tao

Trong mot mang no-ron ¢6 ba kiéu don vi:

1) Céac don vi dau vao (Inputs units), nhan tin hiéu tir bén ngoai;

2) Cac don vi dau ra (Output units), giri dir liéu ra bén ngoai;

3) Céac don vi 16p an (Hidden units), tin hiéu vao (input) va ra (output)
ciia né ham trong mang.

MG&i don vi j c6 thé cd mot hoac nhiéu dau vao: Xy, X, X,,...X, , nhung
chi c6 mot dau ra z;. Mdi dau vao t6i mot don vi 6 the 1a dit lieu tir bén
ngoai mang hoic dau ra cia mot don vi khac, hoic 1a dau ra cua chinh no.
1.2.1.2. Ham xit Iy

- Ham két hop: Mé&i don vi trong mang két hop cac gia tri dua vao nd
théng qua céc lién két véi cac don vi khac, sinh ra mot gié tri goi 1a dau vao
mang (net input). Ham thuc hién nhiém vu nay goi 1a ham két hop, duogc dinh

nghia bai mot luat lan truyén cu thé. Trong phan 16n cac mang no-ron, thudng
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gia st rang, mdi mot don vi cung cap mot bo cong nhu 1a ddu vao cho don vi
ma n6 co lién két. Tong dau vao don vi j don gian I tong trong sb cua cac
dau rariéng lé trr cac don vi két noi cong thém ngudng hay do Iech (bias) 6;:
n
a; =Y WX +0, (1.1)
i=1
Mot sb truong hop c6 thé sir dung cac thuat toan lan truyén phuc tap

hon, trong s6 d6 1a luat sigma-pi, ¢6 dang:
a; = > w [ [x+6, (1.2)
i=1 k=1

Rat nhiéu ham két hop sir dung mét do léch hay ngudng dé tinh dau

vao mang t6i don vi. DSi véi mot don vi dau ra tuyén tinh, thong thuong 6,
duoc chon 1a hang so va trong bai todn xap xi da thic thi 6, =1.

- Ham kich hoat (ham truyén): Phan 16n cac don vi trong mang no-ron
chuyén dau vao mang bang cach st dung mot ham vd huéng (scalar-to-scalar
function) goi 1a ham kich hoat, két qua ciia ham nay 1a mot gia tri goi la muc
do6 kich hoat cua don vi. Loai trir kha nang don vi d6 thudc 16p ra, gia tri kich
hoat duoc dua vao mot hay nhiéu don vi khac. Cac ham kich hoat hay duoc
su dung hién nay la:

Ham truyén tuyeén tinh (Linear transfer function) (hinh 1.2), duoc goi
1a ham d6ng nhat (ldentity function).

g(x)=x (1.3)
gl x)

Hinh 1.2. Ham truyén tuyén tinh
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Ham truyén gidi han citng (Hard - Limit transfer function), duoc biét
dén véi tén ham ngudng (Threshold function hay Heaviside function) hay

ham buéc nhi phan. Pau ra ham nay duoc gidi han vao mot trong hai gia tri:

1, néux>0
g(x) = { (1.4)

0, néux<o0

Dang ham nay duogc st dung trong cdc mang chi c6 mét 16p. Trong
hinh 1.3, € dugc chon bang 1.

E(x)
4

Hinh 1.3. Ham truyén gigi han ciing
Ham truyén dang Sigma (Sigmoid transfer function) (hinh 1.4): Ham
nay thuan loi khi st dung cho cac mang dugc huan luyén boi thuat toan lan
truyén nguoc (Back-propagation), bai vi n6 dé lay dao ham, do d6 co thé
giam dang ké tinh toan trong qua trinh huan luyén. Ham nay hay duoc ding

cho chuong trinh tng dung ma cac dau ra mong mudn roi vao khoang [0,1].

1
= 15
g(x) 1+e7* (15)
a(x)
--I-JI"I-I-JI'-l-JI"-‘I-JI'-I-JI'-I-‘I-JrI'JI'-I-‘I-+1l| LR R N L] + L]
] 1 1

-6 -4 -2 0 2 4 6

Hinh 1.4. Ham truyén dang sigma

15



Ham truyén dang tang-sigma (tan-sigmoid transfer function) (hinh
1.5):

1-e™
1+e”

g(x)

Ham nay c6 thudc tinh twong tu ham Sigma, ¢6 kha ning lam viéc tét

(1.6)

di vai cac ung dung c6 dau ra yéu cau trong khoang [-1, 1].

(x)

Hinh 1.5. Ham truyén dang tang-sigma

Cac ham truyén cua don vi an (Hidden units) can thiét cho viéc biéu
dién sy phi tuyén vao trong mang. Tuy nhién, d6i véi luat hoc lan truyén
nguoc, ham phai kha vi va s& ¢6 ich néu nhu ham duoc gin trong mot khoang
nao d6. Do vay, ham Sigma 1a lya chon théng dung nhat.
1.2.1.3. CAc hinh tragng cua mang

Hinh trang ctia mang duoc dinh nghia boi: s6 16p, s6 don vi trén mdi
l6p va su lién két giita cac 16p nhu thé ndo. Cac mang vé tong thé duoc chia
thanh hai loai dua trén céach thuc lién két cac don vi:

- Mang truyén thang (hinh 1.6): Dong dir liéu tir don vi dau vao dén
don vi dau ra duoc truyén thang. Viéc xu 1y dir liéu c6 thé mé rong ra nhiéu
I6p, nhung khong co céc lién két phan hoi. Nghia 13, khong thé 6 cac lién két
m& rong tir cac don vi dau ra téi cac don vi dau vao trong cung mot 16p hay

cac 16p trude do.
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Hinh 1.6. Mang no-ron truyén thang nhiéu 16p
- Mang héi quy (hinh 1.7): C6 chtra céac lién két nguoc va khac voi
mang truyén thiang, cac thudc tinh dong ciia mang méi quan trong. Trong mot
s6 trudng hop, cac gia tri kich hoat cua cac don vi trai qua qua trinh nai long
(tang giam s6 don vi va thay doi céc lién két) cho dén khi mang dat dén mot

trang thai 6n dinh va cac gia tri kich hoat khong thay ddi nira.

Yo

L

¥n

Lép vao Lép an Lop ra
Hinh 1.7. Mang no-ron hdi quy
1.2.1.4. Cac ludt hoc cua mang no-ron nhan tao
Luat hoc 1a mét trong ba yéu td quan trong tao nén mot mang no-ron
nhan tao (md hinh cua no-ron, ciu tric va su lién két giira cac no-ron, phuong

phap hoc duoc ap dung cho mang no-ron). C6 hai van dé can hoc d6i véi moi
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mang no-ron nhan tao dé 1 hoc tham sé (parameter learning) va hoc cau tric
(structure learning).

Hoc tham sé 1a viéc thay ddi trong sé cua céc lién két gitra cac no-ron
trong mot mang, con hoc cau tric 1a viéc diéu chinh céu tric cia mang bao
gom thay doi s6 lép no-ron, sé no-ron cia mdi 16p va cach lién két giira
chding. Hai van dé nay c6 thé dugc thuc hién ddng thoi hoic tach biét.

V& mit phuong phap hoc, c6 thé chia ra 1am ba loai: hoc c6 gidm sat
hay con goi 1a hoc cd thay (supervised learning), hoc ting cuong
(reinforcement learning) va hoc khéng c6 giam sat hay con goi la hoc khéng
c6 thay (unsupperviced learning).

1.2.2. Nhgn dang hé théng si dung mang no-ron nhan tgo [3,10]

Bai toan nhan dang 1a mot van dé dat 1én hang dau trong nhiéu céc linh
vuc khac nhau nhu: dién tir y sinh, dién ti vién théng, hé thong dién, tu dong
hoa va diéu khién... Vi du nhu: nhan dang mé hinh tau thuy, nhan dang van
tay, nhan dang ky tu, anh, tiéng noi, phat hién va chan doan bénh,...
1.2.2.1. Kha nang sir dung mang no-ron trong nhégn dang

Xét truong hop doi tugng phi tuyén c6 do phuc tap cao, néu su dung
phuong phép giai tich thong thuong dé nhan dang sé rat khé khin, tham chi
khdng thuc hién duoc do sy hiéu biét nghéo nan vé déi tuong. Vi vay, cac nha
khoa hoc da dua ra y tudng l1a st dung cong cu tinh to4n mém nhu hé mo,
mang no-ron, dai s6 gia tir d& xap xi - chinh 12 nhan dang ddi twong. Mang
noron 1a mot trong nhitng c¢éng cu hitu hiéu dé nhan dang mé hinh déi tuong,
bang phuong phéap nay ta khong biét duoc md hinh toan thuc su cua ddi tuong
nhung hoan toan c6 thé sir dung két qua xap xi dé thay thé dbi tuong.
1.2.2.2. M6 hinh nhdn dang hé thong si dung mang no-ron

Nhan dang gom: nhan dang mé hinh va nhan dang tham sé.

18



Nhan dang mé hinh 1a qua trinh xac dinh md hinh cua d6i tuong va
thong sb trén co s& dau vao va dau ra caa dbi twong. M6 hinh thu dugc sau
khi nhan dang goi 1a tét néu no thé hién duoc dung d6i tuong. Nhu vay co thé
str dung mod hinh thay cho dbi twong dé dy bao, kiém tra va diéu khién.

Mang noron dugc huan luyén ¢é méd hinh héa quan hé vao ra cua doi
tugng. Nhu vay quy trinh nhan dang md hinh c6 ban chat I thuat toan huén
luyén mang. Cau tric mang no-ron giai bai toan nhan dang md hinh rat da
dang, tly thudc vao ting bai toan cu thé.

Nhan dang tham sé chinh 1a huan luyén mang, duoc biéu dién trén
Hinh 1.8. Tin hiéu sai s e=y - y la co s& cho qua trinh luyén mang. Mang
noron & day c6 thé 1a mang nhiéu 16p hodc céc dang khac va co thé su dung

nhiéu thuat toan huan luyén mang khéac nhau.

Poi twong

\ 4

\
Mang no-ron

\

Hinh 1.8. M6 hinh nhan dang co ban
1.2.2.3. Nhdn dang hé thong siz dung mang noron

\ 4

Nhan dang hé théng can hai giai doan la lya chon mé hinh va t6i uu
tham sb. Ddi véi mang noron Iya chon s nat an, sb 16p an (cau trdc cua
mang) tuong duong véi mo hinh lya chon. Mang c6 thé duoc huan luyén theo
kiéu giam sat voi ky thuat lan truyén nguoc, dua vao luat hoc sai sé hiéu

chinh. Tin hiéu sai s6 duoc lan truyén ngugc qua mang. Ky thuat lan truyén
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nguoC st dung phuong phép giam gradient dé xac dinh cac trong so cua
mang, Vi vay tuong duong véi toi uu tham sb.
1.2.3. Phwong phdp ing dung mang no-ron trong diéu khién

C6 nhiéu phuong phéap khac nhau dé bién mang no-ron thanh bo diéu
khién thich nghi cho d6i twong diéu khién va cac phuong phap d6 c6 thé duoc
chia 1am hai loai & diéu khién gian tiép va diéu khién tryec tiép [5, 29, 30, 31].

Phuong phép diéu khién gian tiép, ding mot mang no-ron dé nhan dang
va ude luong cac thdng sb cua dbi teong didu khién va cac thdng sé cia BDK
duoc lya chon dua vao gia thiét cac théng sé da duoc nhan dang chinh 1a gi&
tri chinh xac cua véc to thong sd d6i tuong diéu khién dya trén nguyén ly
tuong duong. Phuong phap ndy khong yéu cau phai biét trudc cac thong sd
cua doi twong diéu khién. Tuy nhién, n6 yéu cau, ngoai mang no-ron déng vai
tro bo diéu khién, phai thém vao mot mang no-ron khac ding dé mé phong
d6i twong diéu khién (hinh 1.9).

Bé md phong nhan dang d6i twong diéu khién can mot giai doan huan
luyén truéc vai mot tap dir liéu da 16n dé nhan dang cac mo hinh dong hoc

chinh xac hay mé hinh nghich dao cua dbi tuong diéu khién.
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Hinh 1.9. So & phwong phap diéu khién gian tiép [31]
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Hinh 1.10. So d6 phwong phép diéu khién truc tiép [31]

Phuong phap diéu khién truc tiép (hinh 1.10), don gian hon phuong
phap gian tiép, khdng yéu cau qua trinh huan luyén truéc dé nhan dang cac
thong sé cua doi twong diéu khién va cung cap cac luat thich nghi dé cap nhat
cac ham trong luwgng ciia mang no-ron.

1.3. Nghién ciru mot so bd diéu khién PID no-ron cho hé thong diéu khién
hwdng di tau thuy

Hé thong diéu khién hudng di tau thay hay con goi 1a may lai tu dong
tau thiy ¢6 chirc ning dan tau theo hudng di hoic quy dao cho trude. BDK
PID cho diéu khién hudng tau da bat dau phat trién tir thap nién 50 va duoc sur
dung rong réi trong hang hai. Voi sy phat trién manh mé cua ki thuat hién
dai, nhiéu BPK thong minh duoc cac nha khoa hoc nghién ctu dya trén nén
tang BDK PID cho diéu khién huéng tau nhu 16-gic mo, thuat toan di truyen,
mang no-ron nhéan tao,... BDK PID no-ron la mét trong nhitng nghién ctu noi
trén da duoc mot s tac gia dé xuat. Trong thuc té, dic tinh déng hoc cua tau
ludn thay d6i do toc do, tai trong, diéu kién méi trudng bién nhu song, gio,

dong chay,.. tac dong, dan dén mo hinh toan hoc tau thuy 1a khdng chac chan.
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BDK PID thong thuong gap nhiéu kho khin trong viée diéu chinh cac tham
s6 va cho ra két qua khdng mong mudn. Vi vay, viéc két hop BDK PID va
mang no-ron nhan tao cho ra két qua diéu khién mong mudn va 6n dinh.
1.3.1. B§ diéu khién PID dwa trén mang no-ron lan truyén nguwec cho hé
théng diéu khién hwdng di tau thity

Mot BPK PID dua trén mang no-ron lan truyén nguoc (BPNN) duoc
dé xuat trong tai liéu [38]. Cau tric cua hé théng diéu khién nay dugc minh
hoa trén hinh 1.11.

Trong thuat toan nay, BPK PID la phuong phap diéu khién tuyén tinh
va dugc biéu dién nhu sau:

quKV%a)h%ﬁayn+n9%Q} (L.7)

i0

Thuat toan
hoc

\ 4

Mang no-ron
nhan tao

Kp| Ki| Kd

A

r e Bo dieu o N
—>®—> Khién May lai Tau thuy

Hinh 1.11. So d6 c4u trac BDK PID dya trén mang BPNN
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Trong d6, u(t) la dau ra cia BDK PID; K, lahésoty I¢, T, 1a hang s6
thoi gian tich phan va T, 1a hang so thoi gian vi phan; e(t)la sai s cua hé
thdng dugc biéu dién nhu sau:

e(t)=y(t)—r(t) (1.8)

Trong d6, Y(t) 1a dau ra thuc té va r(t) 1a dau ra mong muén cua hé
théng diéu khién.

Mang no-ron lan truyén nguoc c6 3 16p, cau tric cia BPK dugc minh

hoa trén hinh 1.12. S6 lugng céc no-ron 16p vao, 16p an va Idp ra twong tng la
M, Q, 3.

XM ——r- ' > i

Hinh 1.12. Cau trdc mang no-ron lan truyén nguoc
Mang no-ron lan truyén nguoc diéu huong cac tham sé PID mot céch
tu dong trong sudt qua trinh diéu khién. Ham chi tiéu chat luong c6 dang nhu
sau:

E(k):%(rin(k)— yout k)’ (L.9)

Trong d6, rinla dau ra mong muédn; yout 1a dau ra thyc té.
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Qua trinh huan luyén md hinh mang no-ron phai dugc thuc hién trude
khi dua vao st dung. Qua trinh huan luyén nay duoc lap lai cho dén khi sai sé
binh phuong trung binh cua di liéu huan luyén dat ti thiéu mong muén.

Két qua mé phong cho thiy BDK PID no-ron c6 thoi gian diéu chinh
ngan hon, do vuot qua gié tri diéu khién nhé va d6 bén viing cao hon so véi
BDK PID thong thudng.

Su thay doi cac tham so cua K, K; va K, dugc minh hoa & hinh 1.13.
Hudng di va goc bé lai cua tau dudi sy diéu khién cua BPK PID dya trén
mang no-ron BP trong diéu kién c6 va khdng c6 nhiéu moéi truong tac dong
duoc so sanh véi BDK PID thong thuong (Hinh 1.14, 1.15)

16 1] 1 1 1 1 1 1] 1
= 14,TV : i
12 1 i | | I | 1 |
0 200 400 600 800 1000 1200 1400 1600 1800
t(s)
4 I ] I I 1 I I 1
‘g 2F i

0 f —1 1 £ 1= == i 12 1
0 200 400 600 800 1000 1200 1400 1600 1800
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14 T { I T 1 T I I

kd

12} 1
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L | I} | | | ] 1
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Hinh 1.13. Md phong su thay doi cua K, K; va K,
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1.3.2. Bg diéu khién PID dwa trén mang no-ron ham co sé xuyén tam cho
hé théng diéu khién hwong di tau thiy

BDK PID dya trén mang no-ron ham co sé xuyén tam (RBF) cho diéu
khién hudng tau duge dé xuit trong tai liéu [39]. BDK nay gém c6 hai phan:
1) BBK PID thong thuong va 2) Mang no-ron ham co s¢ xuyén tam. BDK
PID duoc st dung dé diéu khién huéng tau va mang RBF dung dé diéu huong

cac tham s6 K, K; va K, cua BDK PID mdt cach ty dong. Thuét toan dieu

khién nay két hop uwu diém cua ca phuong phap diéu khién thong thuong
(BPK PID) va k¥ thuat diéu khién hién dai (mang RBF) nham nang cao chat
luong diéu khién, c6 kha ning thich nghi cao va rat ngan thoi gian thiét ké he
thdng. So d6 diéu khién cua hé thong duoc minh hoa ¢ hinh 1.16.

BBK PID c6 ciu tao twong tu nhu (1.7) va dau ra caa BPK u(t) co

chtrc nang diéu khién banh lai tau thuy.

s
/ Jﬂb’f'u

Mang no-ron
Y RBF

v Vo i, ke

Bo diéu khién | u .
PID Do1 tirong

)

¥

¥

Hinh 1.16. So d4 c4u trac BPK PID dya trén mang RBF

Mang RBF duoc thiét ké c6 mot 16p vao, mot 16p an va mot 16p ra

duoc minh hoa trén hinh 1.17.
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Hinh 1.17. C4u trdc mang no-ron RBF

Ham chi tiéu chat luvong cua mang no-ron RBF ¢c6 dang:

Joar =5[¥(0) - 4o (W) (1.10)

Trong d6, y(k) 1a gia tri dau ra caa hé thong diéu khién tai thoi diém k;
Y. (K) la gid tri dau ra coa mang RBF tai thoi diem k.

Do mang RBF 1a mot truong hop dic biét cia mang truyén thang nén
hoan toan co thé ap dung phuong phap giam gradient dé huan luyén mang
nham téi thiéu hda ham chi s6 chét luong J g -

Mang RBF duoc thiét ké c6 kha ning diéu huong chinh xéac cac tham
so K, K; va K, trong c4c tinh huong khac nhau bang cach st dung ma tran

Jacobi.
Ham sai s6 cua Mang duogc dinh nghia nhu sau:
1 2
E(k):E(r(k)—y(k)) (1.11)
Luat ty dong dieu chinh cc tham s6 K, K; va K, duoc thiét ké dua

trén phuong phap giam gradient.
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Két qua md phong BPK PID dua trén mang RBF cho thidy mang no-
ron RBF cd thé diéu huong cac tham sb PID ty dong mot cach lién tuc va
thich nghi.

Huéng di cta tau dudi sy diéu khién cua BDK PID dya trén mang RBF
trong diéu kién khdng cd va c6 nhidu méi trudng tac dong dugc minh hoa ¢
hinh 1.18, 1.19 va dugc so sanh véi BPK PID thong thuong dé chiang minh
tinh hiéu qua cia BDK nay.

20
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Hinh 1.18. Huéng di cua tau khi khdng co nhiéu
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Hinh 1.19. Huéng di cta tau khi ¢é nhiéu
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Hinh 1.20. Md phong su thay doi cua K, K; va K,

1.4. Co s& ly thuyét vé cac hé toa @ va va dong hec tau thay

Trong dé tai tac gia c6 dé xuat tng dung BPK hudng tau vao diéu
khién tau theo quy dao cho trudc, thong qua BPK hudng tau két hop voi thuat

toan dan dudng LOS lam cho tau di theo mot quy dao da xac dinh bang céc

diém chuyén hudng.

1.4.1. Cac h¢ truc toa dé tham chiéu

Khi phan tich chuyén dong tong quat cia mot con tau, ngudi ta thuong
str dung hai hé truc toa d¢ gan véi trai dat 1am tham chiéu {i}, {e} va mot he
truc toa do gan vai than cua vat ran dang xét {b} nhu hinh 1.21. Ngoai ra cling

con c6 thém nhiéu hé truc toa do khac cé thé duoc sir dung dé phu hop véi

tirng muc dich nghién cuu [22, 23, 24].
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Hinh 1.21. C4c hé toa do tham chiéu

Hé truc toa dé tham chiéu tam trdi dat:

Heé truc toa do ECI (Earth-Centered Inertial): {i} =(x;,Y;,z) la hé truc
toa d6 tham chiéu quan tinh dugc dung trong dinh hudng trén mat dat, trong
d6 ap dung cac dinh luat chuyén dong cia Newton. Bao gom cac hé théng
dinh huéng quan tinh. Géc ciia hé truc toa do {i} dugc dat tai tim O; ctia Trai
Pat nhu hinh 1.21.

Heé truc toa do ECEF (Earth-Centered Earth-Fixed): {e} =(X,,Y..Z,) c6
tam O, dat tai tdm cua Trai Dét nhung cac truc thi lai quay tuong ddi so véi
hé truc toa do {i} véi van toc goc la @, = 7.2921x107° (rad/s). Doi voi cac thiét
bi di chuyén véi téc do twong doi thap, anh hudng do sy xoay cua Trai Dat c6

thé duoc loai b, do d6 hé truc toa do {e} co thé dugc coi nhu 1a hé truc toa do
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quan tinh. Tuy nhién, khi xét dén su troi cua tau thi khéng nén loai bo su quay
ciia Trai Dat. Hé toa do {e} thuong duoc sir dung cho dinh huéng, dan duong
va diéu khién toan cau, vi du nhu dé mé ta chuyén dong va vi tri cua tau khi
di chuyén tir luc dja nay sang luc dia khac.

Cac hé truc toa do dia ly:

H¢ truc toa do NED (North-East-Down): la hé truc toa d6 ma chuing ta
ludn dé cép dén thuong ngay. Heé truc toa do {n} =(x,,Y,,2,) ¢ goc O, dugc
dinh nghia lién quan téi mat Ellipsoid tham chiéu caa Trai Dat. N6 thuong
dugc dinh nghia nhu 1a mot mat phang tiép xGc trén bé mat Trai Pat di
chuyén cling véi tau, nhung co cac truc hudng theo cac hudng khac so véi cac
truc ¢6 dinh cua tau. Dbi véi hé truc nay thi truc x, huéng vé phuong Bac,
truc y. huéng vé huéng Pong con truc z, thi huéng vé tam trai dat. Vi tri
twong ddi cua {n}so véi {e} dugc xac dinh bang hai goc I va u (kinh df va vi
d0).

Heé truc toa do BODY (Body-fixed reference frame): {b} =(x,,Y,.2,) la
mot hé toa d6 chuyén dong, nhung cb dinh so vai tau. Vi tri va hudng cua tau
dugc Mo ta tuong doi so voi hé truc quan tinh (xap xi bsi {e}hodc {n}).
Trong khi d6, van téc dai va van téc goc cua tau duoc mo ta trong hé truc toa
d6 body-fixed. Géc O, thuong dugc chon tring véi diém giita cia tau, dugc
goi 1a CO. Bdi véi cac phuong tién hang hai, cac truc cua hé BODY duoc
chon nhu hinh 1.21. V6i X, la truc doc tir dudi tau dén mii tau, y, la truc
ngang hudng tr man trai qua man phai, z, la truc vudng goéc huoéng tur trén
xudng day tau.

Theo SNAME, 1950, c4c hé truc toa do dung dé biéu dién chuyén dong

ctia phuong tién trén mat nude bao gom ca hé truc ¢ dinh trén trai dat (ECEF
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va NED) va hé truc ¢ dinh trén con tau (BODY) duoc biéu didn boi ky hiéu
nhu bang 1.21 va hinh 1.22.

Hé quan tinh

Pitch
q. M

Sway
Yo, v, Y

Hé truc ¢6 dinh trén tau

Heave
Zg, W, Z

Hinh 1.22. Hé truc toa d¢ va cac dai lugng

Di véi cac loai tau bién, cac ky hiéu sau s& duoc 4p dung cho van toc
dai va van toc goc khi phan tich trong hé tham chiéu {b}, {e} va {n}.

v, 1 van toc dai caa diém O, so voi O, dugc biéu dién trong hé tryc toa
do {e}.

o, van toc goc cua hé truc toa do {n} so véi hé truc toa d6 {e} duogc
biéu dién trong hé truc toa do {b}.

f @ lyc tac dong tac dong 1én con tau dit tai O, dwoc biéu dién trong hé
truc toa do {n}.

mp : moment tac dong 1én con tau dit tai O, dugc biéu dién trong hé truc

toa do {n}.
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0., : goc Euler gitra hé truc toa do {n} va hé truc toa do {b}.

Bang 1.1. Ky hiéu cia SNAME (1950) dbi véi tau bién

Bac . Luc va Van Vi tri va
Chuyén dong , ]
tu do moment toc goc Euler
1 Chuyén dong tién theo truc x
X u X
(Surge)
Chuyén dong tién theo tryc y
2 Y % y
(Sway)
Chuyén dong tién theo tryc z
3 4 w Z
(Heave)
Chuyén dong quay quanh truc x
4 y oNng quay q ' K 5 5
(Roll)
Chuyén ddng quay quanh truc
5 y ong q yq UC 'y M g o
(Pitch)
Chuyén dong quay quanh truc z
6 y ong quay q : N i W
(Yaw)

Céc dai luong & bang 1.1, dinh nghia bai SNAME (1950), c6 thé duoc

biéu dién & dang vector nhu sau:

o
Vi tri ECEF pi.=|y| Kinhdé vavido ®=
L]
_Z
N ”
Vi tri NED pl, =| E| Kinhdo vavido =6
D
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u P
Van téc dai Body-fixed v/, =|v | Van tdc goc Body-fixed ), =| g

W r

u K

Luc Body-fixed f"=|v M6 men Body-fixed m =M
w N

Chuyén ddng co ban cta con tau trong khong gian 6 bac tu do duoc md

ta boi cac vector sau:
n n b
V, f
n:{pb/n:|; V:{ b/n:|; T:{ bb:|

1.4.2. Phwong trinh dong hoc ciia con tau
Hudéng cua hé truc toa do {b} duoc xac dinh so véi hé truc toa do quy

chiéu {n} bang ba géc roll (¢), pitch (6) vayaw ().
Néu xoay hé truc toa d6 {b} xung quanh truc z, y, x cia hé truc toa do

{n} thi ta c6 cac ma tran chuyén ddi lan lugt nhu sau:

1 0 O cp 0 —s¢ cy Sy —sO
R,=10 ¢ sp|;R,=/0 1 0 |;R,, =l-sy cw O
0 —s¢p c¢ sp 0 c¢ 0 0 1

Do d6 vector van toc dai v, cd thé duoc biéu dién trong {n} bai:
’ b
pE/n = Rg((anb)vb/n (112)
véi R;(0,,) la tich ciia ba ma tran xoay quanh cac truc z, y va x nhu trén.

Cycld —SwCPh+CwsOsg SwS@+CyCosg
Ry(©,)=R, R ,R,,=|sycld cycp+sysdsg —Cysp+sysoce
1% cosg cocy
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(1) Quay quanh truc z

(2) Quay quanh
trucy

(3) Quay quanh truc x

Hinh 1.23. Céc goc xoay Euler (minh hoa chung cho 6 bac tu do)

Theo tai li¢u [24] thi vector van téc goc «f, =[p q r] trong hé truc
toa do {b} c6 thé duoc chuyén sang van toc goc ©,, =[¢ & | trong hé

truc toa d6 {n} bang ma tran chuyén d6i T, (®,,) bai cong thirc:

®nb = TG) (®nb)wlt))/n (113)
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Ngoai ra dya vao tai liéu [24], ta c6 dugc ma tran chuyén ddi van téc
goc tur hé toa d6 {b} sang hé toa d6 {n} nhu sau:
1 s¢td coto
To(©,)=|0 ¢ —S¢
0 s¢/cHd colco

Phuong trinh dong hoc 6 bac ty do cia con tau c6 thé dugc biéu dién

dudi dang:
n=1Je(mv (1.14)
hay
Pg/n _ |:R E (®nb) 03x3 :| VEb/” (1.15)
®nb 03><3 T@ (®nb) a)b/n

1.4.3. Phuwong trinh dpng luc hoc ciia vit rin
Theo dinh luat Newton cho vat ran c¢6 khéi lugng m, ta c6 phuong trinh

can bang lyc va moment nhu sau:
M| Vo + g X1y + @ < Vi, + a0y, x (a0, x 17 ) | =T (1.16)
|y @y + Dy X ( 1, @ ) + mrgb X (VE/n + Wy X Vi, ) =m, (1.17)
trong do:
f2 =[X,Y,Z]": luc tac dung I&n vat rén dat tai Op duoc biéu dién trong
{b};
=[K,M,N]": moment tac dung Ién vat rin dat tai Oy duoc biéu
dién trong {b};

v, =[u,v,w]": van téc dai cua Oy so véi O, duoc biéu dién trong

{b};

b, =[p,a,r] : van téc goc cua {b} so voi {n} dugc biéu din trong

{b};
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© =[x,.Y,.2, | : Vector tr Oy dén CG duoc bieu dién trong {b}.
Tur trén ta suy ra phuong trinh cac luc va moment cua con tau:
m:u —vr+wg - X, (0 +r2)+yg(pq—r)+zg(pr—q)]:
m:\'/+ur—wp+xg(qp+f)—yg(p2 +r2)+zg(qr—p)]=

m:\iv—uq+vp+xg(rp+q)—yg(rq+p)—zg(p2+q2)]:z

Lp+(1, -1, )ar—(ap+ i), +(r* =g?)I, + (pr-a)l,,
+m[yg(v‘v—uq+vp)—zg(\'/—wp+ur)]: K

LG+ (=1 )ro—(ar+p)Ly +(p* =1L+ (pa-Dl,, (1.18)
+m| z, (U —vr +wg) - X, (W—ug+vp) | =M

L+ (1 =L )pa= (P + @)1, +(a* =p*) Ly + (g =)L,

+m| X, (V—wp+ur)—y, (U -vr+wq) | =

Véi Ip 1a moment quan tinh ddi véi gbc Oy, ta co:

X Xy Xz
_ T
L=|-1, 1 -, |, 1,=1]>0 (1.19)
_sz _Izy Iz

Véi Iy, ly, I, 1a momen quéan tinh d6i VGi truc X, Yo, Zo VA by =lyx, lyz =lay, lox
=ly, la moment quan tinh ly tim dugc dinh nghia nhu sau:
=.|. y* +2° pde
y :I x* +27° pde
J. X*+y° pde
Ly = [, }ypadV = [ yxp,dV =1,
:I yzp,dV = _[ zyp,dVv =1,
J‘ zxp,dV = .fv Xzp,dV =1,

(1.20)
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1.4.4. Phwong trinh dong luc hoc ciia con tau
Phuong trinh ddng luc hoc con tau ¢ thé dugc biéu dién boi Fossen
(1994) [23]:

MegV + Cog (V)V =7pg (1.21)
trong d6: v =[v§,n ) T =[u,v,w,p,q,r]" 1a vector van téc duoc biéu dién
trong {b};

s = [ftf’ mE]T =[X,Y,Z K, M, N]J" & vector ngoai luc va moment
tac dong 1én con tau. C6 thé phan tich trd thanh: 7g =7, + Ty weve + 7 ;
Mgg 12 ma tran khéi lugng cua con tau;
Ces(v) la ma tran luc Coriolis va lyc huéng tam.
Theo tai liéu [23] thi ma tran Mgg Va ma tran C.,(v) c6 thé duoc xac

dinh nhu sau:

[ m 0 0 0 -mz, -my,]
0 0 -mz 0 mx,
0 0 m my, —-mx, 0
M=l g -mz, my, L, -, -, (1.22)
mz, 0 -mx, -I, I, -1,
-my, mx, 0 -1, -l I,

Ces(V)=—Cls(v)>0, Vv, eR®
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0 0 0
0 0 0
0 0 0
) mygezn)  mypew)  m@p-v)
m(X,g—w)  —m(z,r+X,p) m(z,q+U)
m(X,r+v) m(y,r—u) —m(X,p+Yy,d)
m(y,q+2,r) —m(X,q —W) —M(X,r —V)
—m(y,p+w) m(z, r+X,p) —m(y, r-u)
“Mzp-w)  -mE Aty mOGPY,0) | (g oo
0 —Iyzq—lxzp+lzr Iyzq+lxyp—lyq
l,,q+1,,p—1r 0 —1 r=1,a+Lp
-l,a-L,p+la L,r+l,a-Lp 0

1.4.5. Thuy dong luc hoc

Trong phén tich thuy déng luc hoc, thong thuong nguoi ta gia dinh
rang luc va moment thuy dong tac dong 1én con tau co6 thé ap dung nguyén ly
xép chong tuyén tinh (Faltinsen 1990) [23]:

r + 7 = ~Ma¥, = Ca(v,)v,= D(v)V, - g(17) - g,

H ™ “hyd

(1.24)

Hydrodynamic forces Hydrostatic forces

trong d6: M, =M,"1a khéi luong ting thém thuy dong luc. C6 thé xem nhu 1a
mot khdi lwgng a0 duoc cong thém vao con tau vi trong qua trinh gia téc con
tau phai ré mot lugng nude xung quanh dé cé thé vuot qua. Vi tinh chat doi
xang qua mat phang Oxz cua than tau, do vay khéi lugng ting thém thuy

dong luc co thé dugc cho boi (1.25):

(X, 0 0 0 0 O]
0 ;. 0 Y, 0 Y
M o 0 2, 0 2, O
A 0 K, 0 K, 0 O (1.25)
o 0 ™M, 0 M, O
O N, 0O N, 0O N,
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Déi voi con tau di chuyén trén mot chat long 1y twong, luc thuy dong

Coriolis va quéan tinh huéng tdm C,(v,)=-C,"(v,) duoc cho béi (1.26):

0 0 0 0 -, a,
0O 0 0 a 0 -a
0 0 0 -a, a 0
CA(Vr): 0 ’ X
-a, a, 0 -b, b,
a, 0 -a b, 0 -b
-a, a 0 -b, b 0]
a, =X u+X . v+X w+X. p+X.q+X.r
1 u % W p q r
a, =Y. u+Y.v+Y w+Y.p+Y.q+Y.r (1.26)
2 U % W p q r
a,=Z. u+Z v+Z w+Z.p+Z.q+72Z.r
Vo 3 u % W p q r
b, =K. Uu+K.v+K w+K.p+K.q+K.r
1 u % W p q r
b2=M.u+M.v+M.W+M.p+M.q+M.r
u Y W p q r
b,=N.U+N.V+N_ w+N.p+N.q+N.r
3 u % W p g r

Luc giam chan thuy dong hoc ddi véi con tau cé thé dugc cho bai
(1.27), ma tran giam chan thuy dong luc D(v,)la tong hop cua thanh phan
tuyén tinh D va thanh phan phi tuyénD, (v,):

D(v,)=D+D,(v,)

X, 0 0 0 0 0
0 Y, 0 Y, 0 Y,
voi: D=~ 0 0z, 0z 0 va (1.27)
0 K, 0 K, 0 0
0 0 M, 0 M, 0
0 N 0 N, 0 N,
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X, U/ 0 0 0 0 0
0 Y o\ |+Yr\v| | 0 0 0 Y Ve + Hr| |
0 0 Zylw| 0z 0
D __
(V) 0 K, 0 Kigp p| 0O 0
0 0 0 0 Myl 0
0 Ny o\ |+Nr\ I 0 0 0 Ny v, |+NHr|r|_

1.4.6. Lwc phuc hoi
Goi V la thé tich cua chat long bi chiém boi con tau, g la gia téc trong
truong, p 1a khdi luong riéng chat long. Trong lwong rieng W va lyc noi

Archimet B dugc xac dinh nhu sau:

W =mg,B = pgV (1.28)
Theo tai liéu [22], ta c6 cdng thic lec phuc héi duge tinh nhu sau:
3(n)= £+ £ Ry(fy+ 1))
77 =

g+ | PRI+ R R, (1.29)
0 0

trong dé: f'=| 0|, f'=—| O (1.30)
W W

Suy ra ta dugc cong thirc nhu sau:
i (W-B)sd |
—(W-B)cOs¢
—(W -B)cécg (1.31)
9(17)=| ~(y,W - y,B)cocg+(z,W - 2,B)chss
(ng—zb )50+(x W - X, )C6’C¢
| —(X,W —x,B)ceg+(y,W - y,B)sOsg

VG Xo, Yo, Zo 12 toa do caa tam luc noi.

Pé don gian trong qua trinh tinh toan, ta chon W =B nén:
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BG =(BG«,BGy,BG: ) =(X, ~ %Y, ~ Vo2, ~2,) (1.32)

Suy ra:

B o (1.33)
9(7)=| 56, W.0.4+BG.W.0.4

BG,W.0 + BG W.0.¢4
| -BG W,0,¢+BG,W.0 |

1.4.7. Trong luc thém vao
Déi vai trong luc duge thém dé con tau ¢ trang thai can bang theo y

muén, theo [22, 23] ta c6 cong thirc nhu sau:

0
0
~Lpallast (134)
-K
-M

O =

ballast

ballast

0

Do vay (1.21) tro thanh (1.35), 1a phuong trinh tong quat cua dong luc

hoc tau thuy:
(Mgg + M)V +(Cog (V))V, + DV )V, +9(7) + Do =7+ Tying + Tye (1.35)
M C(v,)

1.5. Két luan chwong 1

Trong chuong 1, tac gia da tap trung mot s van dé nghién cau tong
quan dén luan an, dat duoc két qua co ban nhu sau:

- Phan tich, danh gia chi tiét tong quan tinh hinh nghién ciu trén thé
gidi va trong nude lién quan dén luan an ma nghién cau sinh thyc hién. Tir d6

rdt ra két luan van dé nghién cau cua luan &n mang tinh cap thiét, dam bao y
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nghia khoa hoc va dong gop thuc tién cho nganh khoa hoc hang hai, khong
trung 13p véi cac cdng trinh nghién ciru da cong bd.

- Hé thdng hoa co sd ly luan vé mang no-ron nhan tao, cau tric mang,
cac phuong phap tng dung mang no-ron trong nhan dang va diéu khién.

- Nghién cru, phan tich mot s cong trinh nghién ctu vé BDK PID dua
trén mang no-ron nhan tao cho diéu khién hudng di tau thuy.

- Trinh bay tong quan ly thuyét va phuong trinh diéu khién tau theo quy
dao trén bé mit trai dat, 1am co s cho bai toan tng dung BPK hudéng tau vao
diéu khién dan tau theo mot quy dao cho trudc. Ban chat 1a bai toan diéu
khién huéng miii tau bam theo mot gid tri goi 1a hudng di phai theo, dugc tao
ra boi mot thuat toan dan dudng cho tau di theo mot quy dao tao bai cac diém

chuyén huéng.
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CHUONG 2. BO PIEU KHIEN PID NO-RON THICH NGHI DUA
TREN MANG NO-RON LAN TRUYEN NGUQC CHO HE THONG
PIEU KHIEN HUONG PI TAU THUY

2.1. B diéu khién PID no-ron dua trén mang lan truyén ngwoc khong cé
bd nhan dang cho hé thong diéu khién hwéng di tau thiy
2.1.1. So d6 nguyén ly

Nhiéu, gio,
K, K f dong...
R R 8
Y
w Thuét toan w . 5
Huong | ™ | chinh e JPD % Tay
dat | huéngdat | + g g
W

Hinh 2.1. So d6 nguyén ly BBK PID no-ron lan truyén nguoc

CAu trdc cta bo diéu khién PID dya trén mang no-ron lan truyén nguoc
(Hinh 2.1) gém c6 hai phan: 1) Bo diéu khién PID thong thuong va 2) Mang
no-ron lan truyén ngugc (BPNN). Bo diéu khién PID dugc sir dung dé diéu
khién huong tau. Chat lugng diéu khién phu thudc vao viéc thiét 1ap cac tham
so K, K;va K, cua bd diéu khién PID ma n6 dugc diéu husng bsi mang
BPNN. Mang BPNN st dung thuat toan huan luyén truc tuyén dua trén
phuong phap giam gradient dé cap nhat cac trong sé va bao dam cho mang
no-ron duoc thiét ké c6 thé tinh toan duoc cac tham sé6 PID mong mudn. Vi
vdy, trong phuong phap ndy, bang viéc két hop bo diéu khién PID théng
thuong va mang BPNN thdng minh cho chat luong diéu khién mong mudn va

on dinh.
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2.1.2. Thudt todn diéu khién P1D
Thuat toan diéu khién PID s6 dugc biéu didn nhu sau:
S (K) =K, [e(k)—e(k-1)]+Ke(k) 21
+K,[e(k)-2e(k—1)+e(k-2)] |

trong d6, &, 1a dau ra (goc bé l4i) cua BPK PID; K, Kiva K, tuong ting

pid
1a hé sé ty 1¢, tich phan va vi phan; e(k)la sai s6 cua hé théng duoc biéu dién
nhu sau:

o(k) =y ()~ (K) 22
trong d6, ¥ 1a dau ra thyc té cua hé thong, v, 1a dau ra mong mudn caa hé
théng.

2.1.3. Thudt fodn diéu khién mang no-ron lan truyén ngwoc

Néu mang no-ron cé du sé lugng no-ron, n6 cé thé xap xi bat ky ham
lién tuc nao vaGi chi mot 1op an [36], [54]. Vi vay, mang no-ron chi c6 mot 16p
an duoc thiét ké.

Mang no-ron lan truyén nguoc c6 3 16p, cau tric cia BPK dugc minh
hoa trén hinh 2.2. S6 luong cac no-ron Iop vao, 16p an va lép ra tuong Gng 1a
M, Q, 3.

\

Kp

Ki

Y

\J

Kd

Hinh 2.2. Cau tr(ic mang no-ron lan truyén nguoc
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a) Tinh toan truyén thang cua BPNN
Dau ra cia mdi no-ron trong 16p vao la:
0,=X, (p=123..M) (2.3)
trong do, O, la dau ra caa no-ron thi p trong 16p vao.
Pau vao va dau ra cua I6p an cua mang Ia:
net, (k)=Y " 12,0, (2.4)
0, (k)= f(net;(k))  (j=123..Q) (2.5)
trong d6, net;1a dau vao cua no-ron thir j trong I6p an; w la trong s6
cua I6p an; f (x)1a ham kich hoat ctia no-ron 16p an, né 1a ham sigma véi doi
xuing duong va am.
f (x)=tanh(x)=(e*—e™)/(e* +e™) (2.6)
Pau vao va dau ra caa 1op ra la:

net, (k)= ,- a),JOJ (2.7)

O (k)=g(net (k))  (i=123) (2.8)

K (k)= Ol(k)
K, (k)=0,(k) (2.9)
Ko (k)=0;(k)

trong do, ;la trong s6 cua no-ron 16p ra; cac dau ra cia no-ron lop ra
la Ky, K,va; g(x)la ham kich hoat cia no-ron I6p ra, né 1a ham sigma
khong am.
1
X)==.1l+tanh(x)|=¢"/(e*+e”* 2.10
9(x) = [L+tanh(x)]=¢*/(e" +& ) (2.10)

Mang no-ron BP diéu huéng cac tham sé PID mat cach ty dong va lam

giam bét thoi gian thiét ké hé théng diéu khién. Tuy nhién, sai s6 mo hinh
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toan hoc tau thay thuong ton tai va 1am giam do chinh xac diéu khién hé
théng. Vi vdy, thuat toan huan luyén online dwgc &p dung dé diéu chinh trong
s6 no-ron nham lam giam sai s h¢ thong e, trong thiét ké BDK BPNN.
b) Lan truyén nguoc sai sé va diéu chinh trong sé
Ham chi tiéu chat luong cd dang nhu sau:
1

E (k)= (rin(k) - yout (k) (2.12)

trong @0, rin 1a dau ra mong muén; yout 1a dau ra thuc té.

Qua trinh huan luyén md hinh mang no-ron phai dugc thuc hién trude
khi dua vao st dung. Qua trinh huan luyén nay duogc lap lai cho dén khi sai s6
binh phuong trung binh cta dir liéu huan luyén dat téi thiéu mong mudn.
Trong nghién ciu ndy, qua trinh huan luyén dua trén thuat toan lan truyén
nguoc. Y tudng co ban cua lan truyén nguoc la nham diéu chinh cac trong sé
no-ron st dung phuong phap giam d6 doc cho ham sai sé trong mét chu trinh
diéu khién. Nhin chung, viéc diéu chinh trong sb tir 16p an téi I6p ra duogc

biéu dién nhu sau:

Aw, (k):—n— (2.12)

Tuy nhién, dé tranh cuc tiéu cuc bo va tang toc do hoi ty, ta thém vao
mot xung lugng (tang quén tinh) vao thuat toan duoc dé xuat. Picu nay co
nghia 1a su thay d6i trong s6 trong chu trinh nay khéng chi phu thudc vao sai
s6 hién tai ma con phu thudc vao su thay doi trude do. Vi vay, viéc diéu chinh
mdi trong sé tir 16p an téi 16p ra duoc diéu chinh dya trén ham sai s6 dau ra

cua hé thong nhu sau:
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OE (K)

Ow;

Aw. (k):—n

1

+ oty (k-1) (2.13)

trong d6, 17 12 hé s6 téc d6 hoc,  1a hé sb xung luong.

Tu do:
OE (k) :aE(k).ay(k). ou (k) | o0, (k) onet, (k) (2.14)
dw; (k) oy(k) ou(k) a0;(k) onet; (k) de; (k)
onet; (k)
o () =0, (k) (2.15)

va dua trén cac phuong trinh (2.9), (2.14), cac phuong trinh sau day duoc
tinh:

u(k) _
aol(k)_e(k)—e(k—l) (2.16)
ou(k) _
2, (K] —e(K) (2.17)
ou(k) _
aog(k)_e(k)—2e(k—1)+e(k—2) (2.18)

Sau d6, thuat toan hoc cua viéc cap nhat trong sb trong 16p ra duoc biéu

dién nhu sau:
; (k+1) = o (k) + Ay (k) (2.19)
Aw; (k) =aAe, (k-1)+n50; (k) (2.20)
trong d6, &, 1a ham sai s6 caa l6p an, nd can thiét cho viéc diéu chinh

cé4c trong so tir 16p vao téi 1op an. & duoc biéu dién nhu sau:

5 :ey(k).?{jgt;.;gi((kk)).g(neti (K)) (2.21)

trong d6, dao ham bac nhét cua g (x)duogc cho béi:
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9(x)=9(x)(1-9(x)) (2.22)
Str dung phép tinh tuong ty Va viéc cap nhat trong sb trong 16p an dugc

tinh dya trén thuat toan giam gradient va ham sai s 16p an 1a &,. Thuat toan

hoc duoc biéu dién nhu sau:

oy, (k+1) =y, (k) + Aoy, (k) (2.23)
Awy, (k) =aAw,, (k-1)+7r5,0, (k) (2.24)
5, = f (net; (k). Z (2.25)

trong d6, dao ham bac nhat cua f (x) dugc cho boi:

(1— fz(x))

f(x)=——2> (2.26)
2

2.1.4. Hudn luyén ngwoc ting cwong

Thuat toan cua diéu khién PID dwa trén BPNN nay st dung phuong
phap huan luyén ting cuong [31] va duoc cu thé héa trong [29, 30] (Hinh
2.3). C4c gia tri s6 1an huan luyén trong mot chu trinh n va hé sé hoc 5 ¢ day
la c¢6 dinh. Tai thoi diém bat dau cta chu trinh diéu khién chi thi bsi tham s6
k, trong s6 ctia mang no-ron dugc chon 1a gié tri ngau nhién rat nho. Tin hiéu
ra cua cac no-ron 16p an va Iop ra duoc tinh todn dwa trén céc trong sb ban
dau nay. Tiép theo, trong s6 cia mang no-ron dugc cap nhat bang thuat toan
lan truyén nguoc sao cho gia tri caa Ey dat cyc tiéu. Qua trinh nay duoc lap di
lap lai n lan trudc khi bat ddu mét chu trinh diéu khién méi (k=k+1). Tin hiéu
ra cia mang no-ron tai vong huan luyén tha n chinh 1a tin hiéu diéu khién

duoc xuat ra tai chu trinh diéu khién thu k.
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2.1.5. So do thudt toan hudn luyén (Hinh 2.3)

Dit hé sé hoc y va hé s6 xung luong o

A 4

Khai tao Ex=0

Khai tao trong sé ban dau cua mang

Chu trinh

mai ite=1

y Vong lap
Thu thap dir liéu r(k) va y(k) va tinh Ex |

Tinh dau vao va dau ra cia mdi no-ron va lay
cac tham sd K, K;va K, ciaPID

: v :
=K+ 1 !
kD : Thu thap dir li¢u ra cua BBDK PID :

Y

Hiéu chinh trong sé

(Thuat toan lan truyén nguoc)

A 4

ite=ite+1
Qué trinh Iap cap : DBUNG
nhat trong so ite<n
SAl vy !
Tinh gia tr;Eham muc tieu Tinh trong sé va tin hiéu
k+1 i . 2 <
" diéu khién cho chu trinh

thur k

Hinh 2.3. So d6 khéi thuat toan diéu khién PID - BPNN
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2.2. Bé diéu khién PID no-ron dya trén mang lan truyén nguoc c6 bd

nhan dang no-ron cho hé théng diéu khién huéng di tau thiy

2.2.1. So'dé nguyén ly

BDK PID no-ron dugc dé xuit c6 ciu trac nhu hinh 2.4, dugc bo sung

thém mot mang no-ron thtr hai (NN2) ¢6 dung dé du doan téc do quay tré cua

tau (y_doty ). Pay 1a mot mang no-ron cé ba 16p truyén thang va duoc huan

luyén theo thuat toan lan truyén nguoc ting cuong (Hinh 2.5). Pau vao cua

mang 1 toc d6 quay tré cua tau va tin hiéu goc beé lai tai cac thoi diém k-1, k-

2, k-3. Huéng di dy doan cia tau co duoc nhd viéc nhan dang téc do quay tro

Cla tau, sau do cac tin hiéu nay dugc chuyén dén dau vao cia mang no-ron

thar nhat (NN1).
Huong | ¥r
dat

Thuét toan
chinh
hudng dat

Nhiéu, gio,
Ko Ka Ki ong...
Jm ol NNL p Ka dong
e O
¢ ) » PID |2, Tau
L { NN2 |¢ zm

A

Hinh 2.5. Cau tric mang no-ron nhan dang NN2

o1
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2.2.2. Mang nhdn dang no-ron

Mot hé thdng dong hoc c6 thé duoc mé ta bang hai dang: M6 hinh dau
vao - dau ra va mé hinh khong gian trang thai. D& tai nay tng dung mang no-
ron truyén thang dé hoc ma nhan dang mé hinh tau thuy wng dung cho diéu
khién theo phuong 4n dau vao - dau ra [36]

Mo hinh dau vao - dau ra mo ta hé théng dong hoc dwa trén di liéu vao
va ra cia hé thong d6. Trén nguyén 1y ndy, mo hinh dau vao - dau ra gia thiét
rang tin hiéu ra méi trong mién thoi gian roi rac caa hé thong cé thé dugc du
doan tir cac dir liéu vao ra & khoang thoi gian trude d6 cua hé théng, tic 1a
cac thong tin cua hé thong thu duogc tir trude do.

Néu mot hé thdng gia sir 1a duoc xac dinh theo céc bién thai gian, vi du
SISO (Mot dau vao, mot dau ra), mo hinh dau vao - dau ra dugc mo ta nhu
sau:

Y, (k)= f (¥, (k=1).y,(k=2).... y,(k-n))
u(k-1),u(k—-2),...,u(k —m) (2.27)

Trong d6, [u(k),y,(k)]la cap tin hiéu dau vao - dau ra cua h¢ thong
tai thoi diém k. Cac s6 nguyén n, m twong wng 12 s6 cac tin hiéu ra (bac cua hé
thng) va sb céc tin hiéu vao cua hé théng. Trong thuc té m thudng nho hon
hoac bang n. f 1a ham phi tuyén tinh, n6 gitp tinh toan tin hiéu ra méi cua hé
théng dua trén tin hiéu vao ra truée do cua hé thong. Néu hé théng 1a tuyén
tinh thi f 1a mot ham tuyén tinh va phuong trinh (2.27) duoc viét lai nhu sau:

y,(k)=ay,(k-1)+a,y,(k-2),...a,y,(k—n)
+bu(k -1)+bu(k —2),...+b u(k —m) (2.28)

trong d6 a (i=1,2,..., n) va b (i=1,2,..., m) la cac hang sé.
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A 4

' T f() Y, (K)

-1

z

Hinh 2.6. M6 hinh dau vao - dau ra

Nhan dang hé thong dau vao - dau ra bang mang no-ron truyén thang
(khdng c6 bd nhé dong) dat ra nhiém vy tim ham sé mé ta hay wéc luong
dugc quan hé vao ra caa tin hiéu caa hé théng dong hoc. Phuong trinh (2.27)
c6 thé miéu ta bang hinh 2.6. Hé thong dong hoc dugc mé ta bang ham f va sb
nguyén m va n. Néu cho truéc gid tri m va n, chi can di tim ham f. Ham f
khong thay doi theo thoi gian dbi véi nhitng hé thong khong bién doi theo
thoi gian. Chinh vi mang no-ron nhan tao truyén thang c6 kha ning mo ta cac
ham sé tinh nhu vdy nén n6 duoc ung dung dé ude luong ham sé f (chinh Ia
mo hinh tau) trong dé tai. Tuy nhién dé tai nang cao kha nang nhan dang cua

md hinh tau no-ron ndy bang chién lugc online, tac 1 tin hiéu vao ra duogc
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cap nhat lién tuc gitip md hinh no-ron c6 thé nhan dang con tau kién tuc theo

thoi gian. Day ciing 1a diém méi dang chu ¥ cua dé tai nghién ctu.

u(k)
T L
Z']
Z']
o () vo k1)
Z']
AN
2']
T O elk+1)
| S
Z ] yalx)
-
Man
u(k) ——— g
I » Noron ¥ e (K1)
Z'l
! ,
o
e S

Hinh 2.7. Céu trGc nhan dang song song
Hé théng nhan dang bang mang no-ron noi trén co thé c6 hai cau tric:
cau tric song song (parallel) (hinh 2.7) va cau tric chudi song song (series-
parallel) (hinh 2.8). Bé tai ndy ung dung ciu trac song song dé nhan dang mé
hinh tau thuy lién tuc theo thoi gian. Trong cau trdc ndy, mang no-ron va hé

théng diéu khién nhan ciing tin hiéu vao tir bén ngoai; céc tin hiéu ra cua hé
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théng khong dung dé dua vao mang no-ron. Hé thong diéu khién va mang no-
ron nhan dang la hai qué trinh riéng biét cung chia s¢ mot bo tin hiéu vao tu
bén ngoai. Céc tin hiéu ra cua mang no-ron va hé thong diéu khién khong anh
huong dén nhau. Cac két qua mé phong trong [36] da ching minh tinh hiéu
qua va kha thi ctia phuong phap nay.

Trong d& tai, sr dung mang no-ron nhan dang duoc minh hoa 1a NN2

va biéu dién trén hinh 2.7.

u(k)

EI i
Eﬂ " () Yo \k)
=]
AN
B
i | q")__, elk+1)
" Mang
- » Noron ¥ e (71
2'1

Hinh 2.8. Céu tric nhan dang chudi song song

2.3. Két luan chwong 2
Trong chuong 2, tAc gia da tap trung nghién ctu xay dung bo diéu
khién PID dya trén mang no-ron lan truyén nguoc khong c6 va c6 bo nhan

dang no-ron. Trong BDK PID no-ron nay, tac gia da duogc thém thuat toan
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huan luyén ting cuong dé tang toc do thich nghi cua hé théng, diéu chinh
nhanh va chinh xéc cac tham s6 ciia BDK PID.

Nghién ctru va xdy dyng by nhan dang md hinh no-ron theo phuong
phap tin hi€u vao - ra dugc gidi thi€u va ing dung. B§ nhan dang nay st dung
mang no-ron nhiéu 16p truyén thang nhung duoc tic gia huin luyén mang
theo phuong phap truc tuyén, ting cuong nén toc do thich nghi tt, co kha
ning nhan dang mé hinh tau phi tuyén bién ddi theo thoi gian. Véi viée két
hop mo hinh nhan dang no-ron nay, phuong phap diéu khién duoc tién hanh
kiéu diéu khién du doan theo thoi gian thuc, nang cao tinh thich nghi va chat

lugng diéu khién.
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CHUONG 3. KET QUA MO PHONG

3.1. M6 hinh toan hgc cho mo phéng
3.1.1. Mé hinh todan hoc tau hang Mariner

Nham kiém chang viéc thiét ké hé théng diéu khién cho tau thay, tac
gia str dung mé hinh toan hoc tau hang Mariner ¢é md phong luat diéu khién
trwdc khi c6 thé 1am thar nghiém mé hinh hodc thir nghiém toan ty 16 trén tau
thuc [22, 23, 64]. Khi 1am mé phong va dé mé ta mé hinh toan hoc tau hang
Mariner, ta si dung mot s6 tham sé chuyén dong nhu sau:

U=Uy+Au P=pP,+Ap P=¢h+A¢
V=V, +Av r=r+Ar 0=0,+A0 (3.1)

Trong cé4c tham sb chuyén dong (3.1), Au la mot sé gia nho cia van
téc truot doc dinh danh (hang s6) U, con U mé ta van téc truot doc toan bo.
Van téc toan bo caa tau duge xac dinh theo cong thie sau:

U =+u>+V° :\/(uo+u)2+v2 (3.2)

Phong thi nghiém thuy khi dong hoc & Lyngby, Pan Mach da tién hanh

tha nghiém ky thuat chuyén dong mat phang (PMM - Planar Motion
Mechanism) va uéc lugng chuyén dong va lai toan ty 1& cho tau hang Iop
Mariner. Cac kich thuéc cua tau hang l6p Mariner theo Fossen [23] la:

- Chiéu dai toan bo (Length Overall, L, ): 171,80 (m);

- Chiéu dai giira hai duong vudng géc (L,,): 160,93 (m);

- Chiéu rong Ion nhat (B): 23,17 (m);

- Mén nuéc thiét ké (T ): 8,23 (m);

- Luwong gidn nudc thiét ké (V): 18,541 (m3);

- Van toc thiét ké (U,): 15 hai ly/ gio.

S7



Céac phuong trinh chuyén dong truot ngang, truot doc va quay tré cho

tau Mariner nay duoc biéu dién nhu sau:
m'- X, 0 0 AU"] [ AX!
0 m'—=X, m'% —N,| AV |=| AY" (3.3)
0 mx;—N, L—=N_[[Af'| [AN
trong d6, cac luc va m6é men phi tuyén AX',AY va ANldu’()’C xac dinh nhu sau
(theo He Prime 1 v6i L, va U la céc bién tiéu chuan hoa):
AX'= X Au'+ X Au?+ X AU+ X AV + X Ar?2+ X Ar'Av!
+X A8+ X g5 AU'AS P+ X JAV'AS '+ X ;AU AV'AS' (3.4)
AY'=Y AV'+Y Ar'+Y, Av+Y, AV? Ar'+Y, Av'Au'+Y, Ar'Au’
Y A+ Y AP +Y AV AS '+ Y AU AS'+Y ;s AV'AS (3.5)
+Y,,,AV? AS'+ (Y 0'+Y 0, Au'+Y 0, Au*)
AN'=NAV'+ N Ar'+ N Av®+N_ AVZAr'+N Av'Au'+N,_ Ar'Au’
+N;AS '+ N AS S+ N ,AV'AS '+ N, ;AU AS '+ N ;,AV'AS ™
+N,,,Av? A5'+(NO'+ NO,Au'+ NO,, Au*?) (3.6)
Cac hé sd khong thir nguyén trong mé hinh tau Mariner nay Ia:
m =798.10", I, =39.2x10"°, x, =-0.023 (3.7)
3.1.2. M0 hinh todn hoc song, gio va dong chdy
M6 hinh do nhiéu méi truong tac dong nhu séng, gié va dong chay
dugc ding cho md phong, kiém tra va danh gia hé théng diéu khién phan hoi.
Nhiéu maéi truong cd tinh phi tuyén cao va dugc thém vao trong cac phuong
trinh dong hoc cua tau thay dé thuc hién mé phong.
Tir phuong trinh dong hoc tau thay (1.15) va theo nguyén ly xép chong,

cac véc to nhiéu moi trudng do séng va gié W duoc dinh nghia nhu sau:
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W=Ww

win

W (3.8)

wave
trong do, w,, , <1va w,,, <10 1a céc luc dugc tong quat hoa do séng va
gi6. Cac md hinh dung cho mé phong cac luc nay duoc trinh bay ¢ muc
3.1.2.1va3.1.2.2.

Céac anh huong do dong chay thuong dugc md phong duoc dinh nghia

theo véc to van téc tuong ddi:
v, =V-V, (3.9)
trong do, v, (1 81a véc to van téc dong chay theo hé toa d cb dinh trén tau.
Déi voi dong chay bién thién cham, V., =0, phuong trinh chuyén dong

tau thuy tro thanh:
MgV +Crg (VIV+ G (7)+ MV +C,o(V, )V, +D(V, )V, =7 +g,+w  (3.10)

cdc s6 hang vat thé ran cdc s@ hang thuy dong hoc

Trong truong hop tuyén tinh, phuong trinh nay dwoc rdt gon thanh:
MV+Nv, +Grp=7+0,+W (3.11)
Cac md hinh dong chay dung cho md phong lién quan dén véc to
V., duogc trinh bay ¢ muc 2.1.2.3.
2.1.2.1. M6 hinh gié
Ta ky hiéu V, va v tuong ng 12 toc d6 gié va hudng gi6. Bé xac dinh
van téc cuc bd h (m) trén bé mat bién, theo Bretschneider (1969), ta co:
v, (h)=V, (10).(h/20)"" (3.12)
trong do, V, (10) la van téc gio trong d6i 10 (m) trén bé mat bién.
Céc lyc va md men gié tac dong Ién tau co thé dugce dinh nghia lién
quan téi téc do gié V, va goc ¥, nhu sau:

V,=JuZ+v: oy =tant(v/u) =y, -y (3.13)
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trong d6, cac véc to thanh phan cia V, theo huéng x vay Ia:
u, =V, cos(y,)-u, v, =V sin(y,)-v (3.14)
O day, 7, =¥, —V la goc gitta huéng gié va miii tau (Xem hinh 3.1)

Bic
Xo A

Dong
>
Yo

Hinh 3.1. Téc d6 gi6 V, va hu?)rng gid 7,

Téc d6 gio V, va hudng gio 7,co thé duge do bang may do gi6. Dé tién
hanh b trir gié cho tau thay, can thiét phai cd mot moé hinh gié 3 bac tu do la
mot ham cua toc do gié tuong ddi V. va hudéng gié 7,. Ta co véc to luc gio
duoc tong quat hoa nhu sau:

Waing = [ Xoing Yaing» Nuna | (3.15)

Trong dé tai, tac gia st dung md hinh gi6 cta Isherhood -1972 [24],

theo md hinh nay, céc hé sé do anh hudng caa gié dugc dinh nghia nhu sau:

/%+A_LL§:+A2 AF+A3L°A+A4LOA+ASE+A%M (3.16)
CY=BO+BlZ'ZAl+BZZ'A;r +B, S +B, ¢ +B,3':LSS (3.17)
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CN:cO+C1—22A1 +022AT +c3ﬂ+c4i+853 (3.18)

2. B B Ly Ll

trong d6, C 1a hé s6 cua thanh phan lyc gid trén tryc x;
C, l1a hé sé caa thanh phan lyc gi6 trén truc y;
C,, 12 hé s6 ctia md men quay tré do gid gay ra;
A A, By B,,C,[1Cs 1a cac heé sb Isherhood st dung cho mé hinh.
Do d9, ta ¢c6 mdé men va luc gid sé dugc tinh theo thuat toan sau day vai
téc d6 gi6 twong dbi tai tau V :

1

Xuno =5 Cx (71)-PV, A (3.19)
1

YWind ZECY (7/r)'pa'vr'AL (320)
1

NWind :ECN (7/r)'pa'vr'AL'LOA (321)

trong d6, X4 1a luc gid theo truc x (N); Y4 1a luc gio6 theo truc y (N);
N, 12 m0 men quay tro do gid gdy ra (Nm); p, la ty trong khong khi
(kg/m®), A; va A tuong tng la vang dién tich chiéu theo phuong doc va
phuong ngang va L, la chiéu dai toan bo cia tau.
3.1.2.2. M6 hinh séng

Trong dé tai, tc gia st dung md hinh séng bé mit dugc tao ra boi gio.
Tuong tu nhu (3.15), ta ¢6 véc to cac lyc va mo men song nhu sau:

Woaes = [ X

waves

Y, N (3.22)

T
waves’ © waves ! waves ]

Trong d6, X aes: Yumes VA Nyaes duoc tao ra theo Iy thuyét tuyén tinh.

Theo Fossen [38], ta co:
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X e ()= D pGBLT cos(B)s, (1) (3.23)

Yoo (t) = pgBLT sin(B)s, (1)

i=1

B=v,-y
3 2 3
S (a)) _ A HS4 ex -167 :
(0.710T,)" &° (0.710T,)" &'
V (3.24)

c

Ve
u, =V,cos(y, —y)

dV;t(t) 4V, (1) = o(t)

Vi SV, (1) <V

min — max

],TO = 0.80s, H, =5mm

N

Nwaves (t):zz_::.prL(Lz —BZ)SIn(Zﬂ)SI2 (t) (325)

trong d6, L va B la chiéu dai va chiéu rong cua tau; T 1a mén nudc
trung binh ctia tau; o 1a ty trong cta nuéc; s, (t)1a do déc song; f=vy, -
la goc gitra huéng séng tac dong ¥, véi mili tau  (tinh bang radian); Do
doc song S; lién quan téi ham ty trong pho song S(a@, ).

CAc ty trong phd khic nhau dugc st dung dé tinh S(®). Vi vay, trong

dé tai sir dung phd Pieson — Moskowitz stra doi (theo Fossen 2002) [24] nhu

Sau:

4m°H! -167°
S(w)= Y 3.26
() (0.710T,)" &° p((0.710T0)4a)4] (3.26)

trong do, T, 1a chu ky song (T, =0.80s); H, 1a d6 cao song (H, =5mm).
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2.1.2.3. M6 hinh dong chay
Dé tai str dung md hinh dong chay 2 chiéu (Fossen, 1994; Vukic et al.,
1998) [23]. Céc thanh phan dong chay theo hé toa d6 c¢b dinh trén trai dat
duoc md ta boi hai tham sb 1a: van téc dong chay trung binh V, va hudng
dong chay 7,.
Cac thanh phan cua hé toa do c¢b dinh trén vat thé (tau thuy) duoc tinh
tur cong thic sau:
u, =V,cos(y, —y)
v, =V, sin(y, —y) (3.27)

Van téc dong chay trung binh cho mé phong duoc tao ra bang cach sir
dung phuong phap Gauss — Markov bac nhat nhu sau:
dV, (t)

D)y, (-oft) 29

trong d6, @(t)1a mot chudi nhidu trang Gaussian va 4, = 01a mot hang
s6. Néu 4, =0, md hinh dong chay nay rat gon thanh buwdéc di ngdu nhién
(random walk) twong (ng véi tich phan nhiéu trang theo thoi gian. Mot phan
tr bdo hoa thuong duoc sir dung trong qué trinh tich phan dé giéi han van téc
dong chay:

Vi SV, (1) <V, (3.29)

SV e

May lai tu dong sir dung bo diéu khién trinh bay ¢ muc 2.1 va 2.2 ding
dé diéu khién hudng di tau thuy dugc md phong trén may tinh. Trong cac thi
nghiém md phong nay, anh huong cia nhidu ngau nhién trong thiét bi do va
tac dong cua gi6 dén chuyén dong hudng mii tau duoc xét dén nham kiém tra

d6 tin cay va tinh 6n dinh cia BPK duogc dé xuét.
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BDK PID no-ron dugc thiét ké vai gia dinh cac théng sé trang thai tau
(huéng mii tau, vi tri, toc do quay hudéng) déu dd c6 chinh xac nhd céc trang
thiét bi hang hai nhu la ban con quay, may do tdc d6 hudng quay trg, may thu
dinh vi vé tinh GPS/DGPS. Bé c6 thé diéu khién duoc sy quay trg tau va dap
tng tét trong trudng hop goc dat huéng 16n, mot md hinh tham khao tinh
nang dong hoc cua tau duoc sir dung dé tao ra hudng di phu hop voi dong hoc
cua tau cung cip cho BPK [24]. Céc thi nghiém md phong dugc thuc hién
trén phan mém MATLAB® 2014a.

Nham kiém tra tinh 6n dinh cua tinh bén vitng va on dinh cua cac BPK
huéng di ndy. Anh huéng cia gié dén than tau dya trén nghién ctu cua
Isherhood 1972 [24] Téc do gi6 thay doi ngau nhién theo chu ky 5 gidy va
gidi han trong pham vi [-60°,+60°] voi chu ky 30 gidy. Nhiéu (sai s) trong
thiét bi do hudng dugc biéu dién bang tin hiéu ngau nhién phan bd trong
khoang [-0.1°,+0.1°]. Tinh phi tuyén cua dong co ciing dugc xét dén, pham vi
gidi han cua goc bé 1ai & trong khoang [-35°,+35°] va téc do bé 1ai §=r trong
khoang [-2.5%s, +2.5%s]. Trong tat ca cac tinh hudng, téc do ban dau cua tau
1a 15 hai ly/gio (hoc 7.7175 migiay).

Thong s6 ding dé so sénh 14 tong binh phuong sai sé huéng di E, va
tong binh phuong thay d6i goc bé l1ai E; (thé hién muc d6 hoat dong caa banh

141) duoc biéu dién bang phuong trinh sau:

E, =2 (vi-w) (3:30)

k

E,=> (8 -64) (3.31)

Trong do, y, 1a hudng di thuc té va v 1a huéng di mong mudn chuyén
do6i tr hudng di dat trude w, sau khi qua bo loc tin hiéu (st dung mé hinh

tham chiéu [22]).
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BDK nay duoc so sdnh véi BDK PID thong thuong cé cung cuong do
nhidu ngau nhién trong thiét bi do va tac dong cua séng gié dé chung minh
tinh hiéu qua va 6n dinh.

3.2. B§ diéu khién PID no-ron dwa trén mang lan truyén ngwec khong cé
bé nhan dang no-ron

Mang no-ron gém 4 no-ron 16p vao, 6 no-ron Iép an va 3 no-ron 16p ra.
Pau vao cia mang bao gém hudng di mong mudn 4 , hudng di thuc té v, sai
s6 huong di e(k), va hiéu sé e(k) - e(k-1). Ba no-ron I6p ra twong ng véi cac
tham s6 Ko, Ki va Kqg ctia bo diéu khién PID. Hé sb hoc va so lan huan luyén
trong mot chu trinh 1a ¢é dinh (n=50, = 0.5), gi4 tri xung luong duoc thém
vao trong qua trinh huan luyén lan truyén nguoc # = 0.025. Pham vi d6i
hudng tir -25.0° ¢én +25.0°. Thoi gian md phong 900 giay.

3.2.1. Khi khong c6 gi6 va nhiéu tdc déng

Hinh 3.2 cho thiy BDK BPNN-PID c6 d6 vuot qua gia tri diéu khién
rat nho, tinh bén viing tét va do 6n dinh cao, thoi gian xac 1ap nhanh hon va
goc bé lai nho hon so véi BDK PID thong thuong.

Yaw angle y (deg)

_____ Set course
-10 BPNN-PID Controller|
| == = PID Controller !

Heading[Deg]

.30 i 1 i i i
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L g T e T TR S

Rudder[Deg]
o

BPNN-PID Controller| h
______ PID Controller

[
|
i
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Hinh 3.2. Huéng tau va goc beé lai khi khéng co gi6 va nhiéu tac dong
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Trén Hinh 3.3 biéu thi su thay doi cua cac tham sb Ko, Ki va Kq duoc

diéu chinh boi mang no-ron dugc dé xuat.

KP
50 ! ! ! ! ! ! ! !
: : R | : : 5 :
D 1 1 1 1 1 1 1 1
0 100 200 300 400 500 GO0 700 GO0 900
time(s)
KI
6 I I I I I I I I
'z 5..“\ rrrtrrreeeeretd o T T T e -

4 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800 900

time(s)
KD
5.05 ! ! ! ! ! ! ! !
o .
495 ' i 5

1 i i ] 1 i
0 100 200 300 400 500 600 700 800 900
time(s)

Hinh 3.3. Su thay ddi cac tham s6 Kp, Ki va Kg
Hinh 3.4 minh hoa sai s6 huéng di cua tau, téc d6 va gia toc quay tro
huéng miii tau. Cho ta thay tinh hiéu qua va bén viing cia BDK BPNN-PID
duoc dé xuat.
Bang 3.1. Tong binh phuong d6 Iéch huéng va tong binh phuong goc bé lai

khi khong c6 gi6 va nhiéu

Khéng gid
E, 23,72
BDK PID
Es 156,28
Ey 20,98
BDK BPNN-PID
Es 148,27
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Course error (deg)
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Hinh 3.4. Sai s6 huéng di, toc do va gia téc quay tré hudng mili tau

3.2.2 Khi ¢6 gi6 va nhiéu tic déng

Hinh 3.5 cho thay khi c6 gié va nhiéu tic dong, may lai ty dong sir
dung BPK BPNN-PID c6 mirc do dao dong it hon, dam bao dugc tinh bén
viing va 6n dinh trong sudt thoi gian tién hanh mé phong. Goc bé 1ai nho hon
s0 v6i BDK PID thong thuong, diéu nay dam bao cho dong co may lai khong

bi qué tai trong diéu kién nhidu méi trudng tac dong.
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Hinh 3.5. Hudng di va goc bé lai khi cé gié va nhiéu tac dong
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Hinh 3.6. Su thay ddi cac tham s6 Kp, Ki va Kg
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Course error {deg)
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Hinh 3.7. Sai s6 hudng di, téc do va gia téc quay tro hudng mii tau

Hinh 3.6 minh hoa cac tham sé K, K va Ky dugc diéu huang mot cach
tu dong trong sudt qua trinh md phong bai mang no-ron nhan tao dudi sy tac
dong cua nhiéu va gié tac dong téi huong tau.

Bang 3.2 Tong binh phuong d¢ léch hudéng va tong binh phuong goc bé

14i khi ¢6 nhidu va gi6 tic dong.

C6 gi6
E, 28,32
BDK PID
Es 171,24
E, 26,43
BDK BPNN-PID
Es 159,45
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3.3. B diéu khién PID no-ron dwa trén mang lan truyén ngwec c6 bd
nhan dang no-ron

Mang no-ron dung dé diéu chinh céc tham s6 BBK PID (NN1) gébm 6
no-ron 1ép vao, 9 no-ron 16p an va 3 no-ron 1ép ra.

Pau vao cia mang bao gom hudng di mong mudn y;, hudng di thuc té
w, sai s6 huéng di e(k), va hiéu s e(k) - e(k-1). Ba no-ron 16p ra twong tng
Vi cac tham sb K, K va Kq ctia bo diéu khién PID. Mang no-ron nhan dang
(NN2) gém c6 6 no-ron lép vao, 9 no-ron Iép an va 1 no-ron 16p ra.

Hé s6 hoc va sb 1an huan luyén trong mét chu trinh 1a ¢6 dinh (n=150,
7= 0.5); gia tri xung luong duoc thém vao trong qué trinh huan luyén lan
truyén nguoc 5 = 0.025.

Pham vi d6i hudng tir -25.0° ¢én +25.0°. Thoi gian md phong 900 giay.
3.3.1. Khi khong c6 gi6 va nhiéu tdc déng

Hinh 3.8 cho thaiy BDK BPNN-PID vé&i mang nhan dang no-ron c6 do
vuot qué gia tri diéu khién rat nho, tinh bén vitng tét va do 6n dinh cao, thoi
gian xac lap nhanh hon va goc bé lai dap tng nhanh so véi BBDK PID thong
thudng. Trén hinh 3.9 biéu thi sy thay doi ciia cac tham so Kp, K va Ky dugc
diéu chinh boi BDK véi mang no-ron nhan dang.

Hinh 3.10 minh hoa sai s6 huéng di cua tau, tbc d6 va gia téc quay tro
huéng mii tau. Két qua cho ta thay tinh hiéu qua va bén viing caia BPK
BPNN-PID vai bo nhan dang no-ron.
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Hinh 3.8. Hudéng tau va goc bé lai khi khdng co gié va nhiéu tac dong
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Hinh 3.9. Sy thay doi cac tham sé Kp, Ki, Kd
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Course error {deg)
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Hinh 3.10. Sai s6 hudng di, toc do va gia toc quay tro huéng tau

Rate of turn {solid) and NN2 output (dashed) deg/s
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Hinh 3.11. Pau ra caa bd nhan dang no-ron NN2
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Bang 3.3. Tong binh phwong d6 léch huéng va tong binh phuong goc beé i
khi khéng c¢d gié va nhiéu

Khéng gio
Ey 23,91
BDK PID
Es 149,41
BDK BPNN-PID Ey 17,44
cd NN nhan dang Es 149,33

3.3.2. Khi ¢6 gi6 va nhiéu tac dpng
Hinh 3.12 minh hoa hudng di va goc bé lai cua tau dung BBK PID no-
ron véi bo nhan dang, ta thidy hudng di on dinh, thoi gian xac 1ap nhanh va

goc bé lai phu hop, tinh bén viing cao.

Yaw angle (y),deg
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Hinh 3.12. Huéng tau va gdc beé lai khi ¢ gid va nhiéu tac dong
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Hinh 3.13. Su thay d6i c4c thong s6 Kp, Ki va Kq

Course error (deg)
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Hinh 3.14. Sai s hudng di, tbc do va gia tc quay tré huéng tau
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Rate of turn (solid) and NN2 output (dashed) deg/s
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Hinh 3.15. Pau ra caa bo nhan dang no-ron NN2

Bang 3.4. Tong binh phwong d6 léch huéng va tong binh phuong goc beé i

khi c6 nhiéu va gio

Co gid
Ey 31,32
BDK PID
Es 195,76
BDK BPNN-PID Ey 18,35
cd NN nhan dang Es 154,39

Qua két qua md phong ta thiay, BPK PID no-ron véi bo nhan dang no-
ron c6 sai s6 huéng di va goc bé 1ai nho hon so véi BPK PID thong thuong.
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BDK nay hoat dong tich cuc va cac tham sé dugc diéu chinh thich nghi hon
BDK PID. biéu d6 chimg minh duoc tinh kha thi va hiéu qua cia BPK duogc
dé xuat.

3.4. Két luan chwong 3

Chuong 3 tac gia trinh bay két qua mé phong trén may tinh cia BDK
dé xuat trong chuwong 2. M6 hinh toan hoc con tau 1a mé hinh phi tuyén caa
tau that duoc sur dung trong tinh huéng mé phong. Cac tin hiéu nhidu ngiu
nhién trong tin hiéu, tac dong cua gié dén qué trinh giir hudéng duoc sir dung
dé kiém chang tinh kha thi cling nhu dap tng cta BPK. Gié duoc thay doi
trong qua tinh md phong dé kiém tra sy thich nghi cia BPK dén thay d6i cua
tac dong bén ngoai.

Két qua cho thay sy hoat dong on dinh va hiéu qua caa BPK PID no-
ron so véi PID truyén thong va kha nang thich nghi voi thay doi caa moi
truong. Mang no-ron nhan dang ciing cho két qua kha quan khi két hop voi
BDK PID no-ron.
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CHUONG 4. KET QUA THUC NGHIEM

4.1. Piéu kién thye nghiém
Trong chuong nay, md hinh tau dugc tién hanh thuc nghiém tai hd boi

truong Pai hoc Giao théng Van tai Thanh phé H6 Chi Minh vai kich thuéc
hd boi 9m x 25m (hinh 4.1). Tac gia tién hanh diéu khién con tau chay bam
theo dudng bién caa hd boi duge md ta trong hinh 4.1. Quy dao mong mudn
ctia con tau dugc md ta bang nam diém chuyén huéng va tau sé tién hanh
chuyén huéng ba lan véi céc gié tri goc bé 1ai 1an luot nhu sau 90°—90°-90°.
Tai thoi diém ban dau tau dugc dat doc theo chiéu rong cua hd boi twong tng
véi goc mii tau ban dau 1a 10°. Chiéu dai quy dao mong mudn (hinh 4.1) 1a
Ltrajectory = S7(m).

Map — — — Ho bai
—&— Quy dao mong muon

wpt.2
8- @ > ]

wpl3 |

Start'Stop
1+ & & wptd _J

wpl1,wpt.5

A

Hinh 4.1. Quy dao di chuyén mong mubn cta con tau

- Tai trong mang theo cua tau la 4,5 kg;

- Chiéu cao mén nudc 1a 100 mm, chiéu dai tau 1a 1500 m, chiéu rong
tau la 250mm;

- Gi6i han goc banh 14i 1a tir —20°dén 20°, gigi han van téc bé lai 1a tur
—5°/s dén 5°/s;
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- Thoi gian 1dy mau caa hé thdng 12 0,1s;
- Van tbc di chuyén cua tau 12 hang s6 0,4 m/s;

Trong qué trinh md phong, dé kiém tra dap wng cua bo diéu khién, tac
gia thém vao ba loai nhiéu nhu sau:

- Nhiéu do séng theo phdé PM (dugc md ta & phan Phu lyc 1) véi tan sb
troi cua song ,=0,60625, hé sb tit dan twong ddi £=0,3, hang sé
K_=0,1979;

- Nhiéu cua dong chay Ia hang s6 va 1am léch goc miii tau di 10
- Nhiéu do qué trinh do dac 1a mot sé ngau nhién.

Ngoai ra, trong qua trinh md phong, vi tri cta con tau dugc xac dinh
bang phuong phép tich phan c6 dang nhu sau:

X(t)=%,(0)+ jU cosy (t)dt
° 41)

y(t)=Y,(0)+ j'U siny (t)dt

Hinh 4.2. Piéu kién thyc nghiém tau mo hinh trén thuc té
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Hinh 4.3. Tau md hinh

4.2. Két qua thue nghiém

Hinh 4.4 md ta so d6 khéi hé théng 14i tau ty dong sir dung PID no-ron
(khdi PID Neural Network). Trong d6, nhiéu do song bién sé& tac dong 1én he
théng dugc md ta trong khdi Wind-wave effect; nhiéu do cac dong chay duogc
md ta trong khbi Ocean current effect va nhidu do qua trinh do dac duoc cong
truc tiép vao goc miii tau. Khdi PID neural network 13 bo diéu khién caa hé
théng l4i tau.

Phi

HeadingAngle

1

Scope

LR » Leaming rate num(s)
u

Learning Rate 4@—’ e ; den(s)
b PID Neural Network

Transfer Fcn

Wind-wave effect

Ocean current effect

Hinh 4.4. So d6 khéi hé théng diéu khién huéng tau sir dung BDK PID no-ron

Trong qué trinh di chuyén, tau s& ludn c6 sai s6 Vé vi tri va goc. Chinh vi

vay ma tac gia dua ra hai d thi vé sai sé bao gom d thi mé ta sai s6 bam quy
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dao - khoang cach tir tau dén doan thang quy dao mong mudn theo thoi gian
nhu hinh 4.5 va db thi m6 ta sai sé goc miii tau - gc hop boi doan thang quy
dao mong mudn va hudng mii 14i tau hay noi cach khéc sai s6 goc miii tau 1a
hiéu s gitra goc wva goc a trén hinh 4.6 (thuat toan din duong LOS) theo
thoi gian nhu trong hinh 4.5. Hon nita, tac gia ciing dua ra hai do thi mo ta

g6c banh 14i va goc miii tau thu vé tir cac cam bién nhu trong hinh 4.6 va 4.7.

Ship Trajectory Real trajectory

— & — Desired trajectory

™ e e = e ' wptd —

| E B C . |

T | | —
| |

L | I -
6 \
|
|
1 |

3 |||| A | 7
||| |

2 | —
Starl/Stop F - |

1= B o e ———

wpt1, wpt.5

Hinh 4.5. Quy dao cua tau véi BDK PID no-ron

Hinh 4.5 m6 ta quy dao di chuyén cua tau khi hé thdng l4i tau tu dong
st dung PID no-ron. Ta thay xuat hién cac vong tron gidi han (mau vang) cé
tam dat tai cac diém chuyén hudng waypoint 2, waypoint 3, waypoint 4 Vi
ban kinh bang ba lan chiéu dai tau. Cac vong tron nay dung dé xéac dinh vi tri
tau bat dau chuyén hudng dé bam theo doan thang quy dao mai. Ngoai ra, tir
hinh 4.5, ta thay rang khi di qua diém chuyén huéng waypoint 2 thi tau khdng
bi léch ra khoi quy dao mong mudn tuy nhién tau lai bi dao dong xung quanh
doan thang quy dao tao thanh tir waypoint 2 va waypoint 3. Sai sé bam quy
dao 16n nhat caa tau khi di tir waypoint 2 d¢én waypoint 3 1a 0,1557m tuwong
ng vai diém B trén hinh 4.5 va hinh 4.6.
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Hon nira, ta nhan thay rang vi dap Gng caa PID no-ron 1a kha tét nén
khi di qua diém chuyén hudng waypoint 2, tau nhanh chéng bam theo doan
quy dao mong mudn. Ngoai ra khi di qua diém chuyén hudng waypoint 3 ta
thay rang tau khong bi léch ra khoi quy dao mong muédn tuy nhién do ban
kinh bé lai tau qua l6n (R=3Lsnp= 4,5m) nén khi vira di qua diém chuyén
huéng waypoint 3 thi tau da di vao vong tron gisi han ké tiép véi tam tai diém
chuyén huéng waypoint 4 nén tau lai phai tiép tuc chuyén hudng dé bam theo
doan thang quy dao mai tao thanh tir waypoint 3 va waypoint 4. Chinh vi vay
ma trén doan thang quy dao nay thi sai s bam quy dao cua tau van chua thé
tién vé 0.

Hinh 4.6 thé hién sai s6 bam quy dao cua con tau theo thoi gian. Tu
hinh 4.6 ta c6 thé thay rang tai cac thoi diém t = 6,25s; 51,1s; 64,2s tuong tng
Vvéi cac diém A, C, D trén hinh 4.5 va 4.6 thi sai s6 bam quy dao cua con tau
c6 budc nhay vot tai thoi diém chuyén waypoint. Buéc nhay vé sai sé bam
quy dao nay duoc giai thich twong tu nhu cac budc nhay trong hinh 4.5. Mat
khac, ciing tir hinh 4.5, ta thdy riang sau khi tau di qua diém chuyén huéng
waypoint 3 thi sai s6 bam quy dao cua tau van khong thé tién vé 0, tuy nhién
sai s6 bam quy dao dat duogc gia tri nho nhat 12 0,1767m tuwong ang voi diém
D trén hinh 4.5 va hinh 4.6.

Cross tracking error

=, ul
0 20 40 60 80 100 120
time(second)

Hinh 4.6. Sai sb bam quy dao cta tau voi BPK PID no-ron
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Ngoai ra, tir hinh 4.5, ta thdy rang sau khi tau di ra khoi vong tron gigi
han c6 tam tai diém chuyén huéng waypoint 2, sai sé bam quy dao trong ving
6n dinh tir diém E dén diém C nhu trén hinh 4.7 va hinh 4.8 ¢6 sai s bam quy
dao cua dao dong quanh gia tri 0 vai sai bam quy dao 16n nhat trong ving nay
1a 0,1557m. Thoi gian xac 1ap cua tau tinh tir thoi diém bat dau chuyén huéng
tir diém A dé bam theo doan thang quy dao tao thanh tir diém chuyén hudng
waypoint 2 va waypoint 3 la T = 11,975 (t100-110=18,25-6,28=11,97s). Tuong
tu khi tau di ra khoi vong tron gigi han c6 tdm tai diém chuyén huodng
waypoint 4, ta thay sai s6 bam quy dao trong ving 6n dinh tir diém F dén
diém chuyén huéng waypoint 5 ciing bi dao dong quanh gia tri 0 va gia tri sai
s6 bam quy dao 16n nhat trong ving nay 1a 0,1148m. Thoi gian xéc lap cua
tau tinh tir thoi diém bat dau chuyén huéng tir diém C dé bam theo doan thang
quy dao tao thanh tir diém chuyén huéng waypoint 3 va waypoint 4 1a
T=17,54s (to50-1100=82,79-64,25=17,545).

Heading error
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Hinh 4.7. Sai s6 gbc mili tau cta tau vdi BDK PID no-ron
Hinh 4.7 thé hién sai s6 goc mili tau theo thoi gian. Tai c4c thoi diém t =

6,25s; 51,1s; 64,2s, sai s6 goc miii tau ciing c6 budc nhay twong tu nhu hinh

4.8. Ngoai ra, ta co thé thay sau khi tau di ra khoi vong tron gigi han c6 tam
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tai diém chuyén hudng waypoint 2, sai s6 géc miii tu trong ving 6n dinh tur
diém E dén diém C dao dong quanh gia tri 0°, sai s6 goc miii tau 16n nhat
trong doan nay la 10,51°. Tuong tu, khi tau di ra khoi vong tron gidi han cé
tam tai diém chuyén huéng waypoint 4, sai sé6 goc miii tau trong viing 6n dinh
tir diém F cho dén diém chuyén huéng waypoint 5 ciing bi dao dong quanh
gia tri 0°, sai s6 goc miii tau Ién nhét trong doan nay 1a 10,82°.

Rudder angle

— Desired rudder angle
— Real rudder angle

0 20 40 60 80 100 120
time(second)

Hinh 4.8. Goc banh 14i vai BBK PID no-ron

Hinh 4.8 thé hién dap ung goc banh lai caa tau khi hé thong lai tau tu
dong st dung BPK PID no-ron. Ta thay ring, mac du goc banh 14 mong
muébn — tin diéu dau ra caa bo diéu khién (desired rudder angle) (dudng mau
do trén hinh 4.8) c6 nhitng budc nhay kha Ion tai cac thoi diém t=6,25s;
51,1s; 64,2s, nhung dap ang cua goc banh 14i thuc té van 1a mot dudng cong
tron béi vi banh lai caa tau mé hinh bi giéi han vé goc va van toc goc nén dap

ting goc banh 1ai thuc té khéng thé ¢ nhiing budc nhay qua Ion.
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Hinh 4.9. G6¢ mii tau véi BPK PID no-ron

Hinh 4.9 md ta g6¢ mili tau thu vé tir cam bién la ban theo thoi gian. Ta
thay sau khi tau di qua diém chuyén huéng waypoint 2, trong viing 6n dinh tur
diém E dén diém C, sai s6 goc miii tau khong tién vé 0° ma dao dong quanh
gia tri nay. Piéu nay cé thé dugc giai thich 1a bai vi trong qué trinh di chuyén
tau chiu anh huong caa nhiéu tir méi trudng nén lam goc miii tau bi dao dong.
Tuong tu khi tu di qua diém chuyén huéng waypoint 4, trong ving on dinh
tir diém F dén diém chuyén huéng waypoint 5, géc miii tau ciing dao dong
quanh gia tri 0°.

4.3. Két luan chwong 4

Trong chuong 4, tac gia da tién hanh thuc nghiém trén mé hinh tau thu
nho dé kiém chung hiéu qua cia BBK PID no-ron sir dung thuat toan lan
truyén nguoc dugc dé xuat. Két qua dat dugc trong chuong 4 cu thé nhu sau:

- Sur dung md hinh tau that thu nho trén co sé nghién ctu phuong trinh
dong hoc va dong luc hoc tau thay va nhiéu loan moi truong (nhu séng, gio,

dong chay,...) tc dong vao con tau.
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- Sir dung BPK PID no-ron thich nghi cho hé thdng diéu khién hudng
di ¢ chuong 2 ap dung tau cho mé hinh tau dugc dua ra.

- Ung dung hé théng dan dudng cho tau dya trén thuat toan LOS (Light
of Sight). Thong qua viéc diéu khién bam theo huéng di mong mudn do thuat
to4n nay tao ra, BDK c6 thé dan tau di theo quy dao mong muébn. Thuc
nghiém nay nham kiém ching kha ning diéu khién hudng tau theo gia trj thay
d6i cua hudng di mong mudn.

- Tién hanh thyc nghiém dan duong cho mé hinh that thu nho trén hd

boi. Két qua cho thay tinh hiéu qua va thich nghi cia BBK dugc dé xuat.
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KET LUAN VA KIEN NGHI

1. KET LUAN

Bang cac phwong phap nghién ctu di thuc hién trong luan an: “Nghién
ciu ieng dung bg diéu khién PID dya trén mang no-ron nhan tgo thich nghi
cho hé thong diéu khién tau thiy ”, luan an da dat duoc muc dich nghién cau
dit ra, voi cac két qua cu thé nhu sau:

1.1. Hé théng hoa co s Iy luan vé thuat toan diéu khién thich nghi dua
trén su két hop gitra mang no-ron nhan tao va ly thuyét diéu khién PID théng
thuong. Trén co so d6, dé xuat phat trién thuat toan va tng dung vao thiét ké
may lai ty dong str dung bd diéu khién PID no-ron thich nghi cho diéu khién
hudng di tau thuy.

1.2. Ung dung lap trinh trén Matlab dé mé phong bo diéu khién duoc
dé xuat, danh gia chat luong bo diéu khién PID no-ron thich nghi véi bo diéu
khién PID thong thuong.

1.3. Thiét ké va mo phong BPK PID no-ron dua trén mang lan truyén
nguoc, tac gia da sir dung bd nhan dang no-ron dé nhan dang mo hinh tau. Bo
nhan dang nay st dung mang no-ron nhiéu 16p truyén thang nhung tac gia
huén luyén mang theo phuong phap truc tuyén, ting cuwong nén toc do thich
nghi tot, c6 kha nang nhan dang mé hinh tau phi tuyén bién d6i theo thoi gian.
Véi viéc két hgp mo hinh nhan dang no-ron nay, phuong phap diéu khién
duogc tién hanh kiéu diéu khién du doan theo thoi gian thuc, nang cao tinh
thich nghi va chat lugng diéu khién.

1.4. Thyc nghiém diéu khién mé hinh tau thu nho trong méi trudng bé
thir nham kiém ching BPK PID no-ron va sy dap (mg cta toan hé théng doi
v6i tac dong ciia moi trudng bén ngoai ciing nhu tinh phi tuyén ctia mo tau

hinh that.
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Céc tham sd Ty 18 - Tich phan - Vi phan (Kp, Ki, Kd) cia BDK PID
dugc diéu chinh bang mang no-ron lan truyén nguoc.

Tinh méi duoc thé hién trong luan an thong qua cac két qua sau:

- Pé xuat mé hinh st dung mang no-ron lan truyén nguoc ting cudng
két hop véi BDK PID truyén thong trong diéu khién hudng di tau thuy.

- P& xuit mang no-ron nhan dang mé hinh tau thity st dung két hop
v6i BPK PID no-ron nhdm nang cao chat luong diéu khién, hd trg qué trinh
hoc va thich nghi ctia mang no-ron diéu khién.

- Thuat toan huén luyén mang no-ron lan truyén nguogc ting cudng lan
dau duoc str dung két hop voi BPK PID 4p dung cho diéu khién huéng di tau
thuy va cho két qua tot.

BDK PID no-ron dua trén mang no-ron nhan tao dé xuat trong luan an
cho thay cac phuong an kha thi da dugc trinh bay trong luan an “Nghién citu
ing dung bé diéu khién PID dwa trén mang no-ron nhan tgo thich nghi cho
hé thong diéu khién tau thiy . Cac két qua md phong va thuc nghiém dem lai
két qua tot hon BDPK PID truyén thdng trong pham vi nghién ciu caa luan an
va chirng to cac muc tiéu nghién ctru da dat duoc.

2. KIEN NGHI

Kién nghi cua luan an ciing chinh 13 nhitng van dé can quan tim trong
huéng nghién ctru tiép theo, cu thé:

2.1. Do gi6i han vé co s& vat chét cho thi nghiém, dic biét 1 bé thir thi
nghiém du tiéu chuan cho viéc thuc nghi¢m trén mod hinh tau & trong nudc
cling nhu thoi gian thuc hién, luan 4n chi md phong mot s tinh hubng trén
may tinh véi s6 1an han ché, tinh huéng han ché. Tién hanh thuc nghiém chi
dung & BDK PID no-ron khong ¢6 by nhan dang.

2.2. Luan 4n nghién ciu tinh kha thi cia timg phuong 4n diéu khién

dugc dé xuat, chua nghién ctru so sanh c6 h¢ thong cac phuong an vé1 nhau
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dé kiém nghiém mo hinh t6t nhét cho viéc két hop BPK PID va mang no-ron
nhan tao. Tuy nhién 4p dung mé hinh nao cho d6i twong diéu khién nao sao
cho tot nhét, tham chi toi wu 14 hudng nghién ctru can thém thoi gian va diéu
kién nhiéu hon. Tac gia danh cong viéc ndy cho nhitng nghién ciru trong
tuong lai gan.

2.3. Luan an gii han nghién ciru ddi voi diéu khién huéng di cia tau
thuy, chua tip trung nghién ctru dén van dé nhu hé théng giam lic tau thuy,
hé thdng dinh vi dong, hay ung dung cho cac phuong tién thiy loai khéc... Vi
vay, trong thoi gian tiép theo, voi diéu kién cho phép, tac gia s& tién hanh

thiét ké BDK PID no-ron dugc dé xuat vao cac van dé€ néu trén.
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PHU LUC 1
LY THUYET THIET KE VA SO PO MO HINH THU'C NGHIEM

1.1. Thiét ké md hinh tau thay

M6 hinh tau thay duoc thiét ké cho viéc thuc nghiém BPK PID &
chuong 4 dua trén mang no-ron nhan tao duoc chon la mé hinh Nomoto dugc
Nomoto va céc cong su (1957). Pay 1a md hinh don gian va théng dung nhat
duoc st dung trong céc hé théng l4i tu dong.
1.1.1. Tuyén tinh héa mé hinh diéu dong tau

Trong chuong 4 luan &n nay, tac gia chi tap trung vao viéc diéu khién
tau chay bam quy dao duogc tao thanh tir cac doan thang nén chinh vi vay ma
ta cO thé gia st rang tau di chuyén véi van téc 1a hang so c6 dang:
U =+u®+V2 . Trong d0, u la thanh phan van téc theo truc x hudng tir dudi
tau dén miii tau; v 1a thanh phan van toc theo truc y huéng tir man tréi sang
man phai cua tau. Tuy nhién trén thuc té thanh phan van téc v theo truc y
thuong rat nho va khong dang ké nén duoc bd qua. Do d6, van téc cua tau
duoc xap xi thanh U =+/u® +v* =u=const. Khi d6 luc phuc hdi duoc bod
qua, c4c luc Coriolis va quan tinh huéng tam duoc tuyén tinh hoa béi van téc
U, thanh phan giam chan phi tuyén duoc xap xi bang ma tran giam chan tuyén
tinh D [25]. Phuong trinh dong luc hoc tro thanh:

(MRB+MA)\7+(C;§B+C};+D)vt:rJrerd+rWave (L.1)

M N
Cac biéu thiuc C', va C', duoc tinh boi ma tran lya chon L (1.2).

Két hop cac phuong trinh trén ta dugc:
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0000 0O
0 000 0 1
0 000-10
L= (1.2)
0000 0O
0000 0O
00 00 0 O]
00 O
Cos=UM_L={0 0 muU (1.3)
0 0 mxU
00 O
C,=UM,L=(0 0 -YU (1.4)
\Y
0 0 -YU
Két hop cac phuong trinh trén ta dugc:
m- X, 0 0 u
0 m-Y, mx;-=Y, ||V
0 mx;—N, |I,=N, ||
(1.5)
X, O 0 T,

u
+ 0 =Y, (m=Y)U-Y, |lv|=|7,
0 -N, (mxg-Y, )U-N,|r

Mo hinh diéu dong trén mat phang ba bac ty do ¢ thé dugc tach ra
thanh hai hé théng con: md hinh van toc tién (Surge) va md hinh l1ai (Yaw-
Sway). D6i voi bai toan gitt huéng tau thi md hinh 14i 12 mé hinh ma ta quan
tam. Tach tur (1.5), ta duoc:

m-Y, mx,-Y, V+ =Y, (m=Y,)u=Y, [[v
mxs—N, 1,=N, J|[f] [-N, (mxg=Y, )Ju—N,|r

Ll

(1.6)
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Tu phuong trinh (1.5), ta c6 [25]:
TLE+(T1+T2)F +r=K5 + KT, (1.7)
Vi

rr LN = 1)~ —me (N, = )

(e =Y )u—N, Y, =[m(u=Y,)=Y, N, (1.8)
(Y, —m)((mxs =Y, )u=N,)
+(Nr ) (Y — mX )N

_ ~(N, —mx;)(m(u-Y,)-Y,)
T,+T,= [( ~Y,)u-N, ]Y [m (U-Y,)-Y :|Nv (1.9)
T, = (N m)|i|G$Y5 _Y(Lv -m)N, (1.10)
N,Y; —Y,N;
:[(me _Yr')u_Nr]YV_[m(U—YV)—YJNV (1.11)

T (1.6), bién doi Laplace ta duoc:

r(s)  K(1+Ts) i

5(s) (L+Ts)(1+T,)
(1.12) 1a phuong trinh Nomoto bac 2, 1a ham truyén gitra van toc goc miii tau
r va goc banh 1ai 5. Véi K 1a hang s6 banh 14i, Ty, T2 va T3 1a cac hang so thoi
gian.
Str dung biéu thac y =r thi phuong trinh (1.12) dwoc viét lai nhu sau:

w(s) _ K(1+T,)
5(s) s(1+Ts)(1+T,s)

(1.13)

(s) K
Z(s) =S Ts) (1.14)

Cong thic (1.14) 1a ham truyén théng dung nhat cho cac hé thng lai

tau tu dong bai vi su don gian va d6 chinh xac cua n6. Chinh vi vay ma tac
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gia s& sir dung ham truyén nhu dugc md ta trong cong thic (1.14) dé tién
hanh thiét ké b diéu khién va mé phong thuc nghiém ¢ phan tiép theo.
1.1.2. M6 hinh hod hé théng banh ldi

4
Y
A 4
w

Hinh 1.1. So d6 khéi hé théng banh lai

Trén thuc té vi nhiing han ché vé mat két cdu cua tau va dap ung cia
cum diéu khién banh l1ai nén goc banh lai ciing nhu van toc goc banh lai
thuong sé bi gidi han béi mot gié tri nhat dinh. Vay nén trong dé tai luan an
nay tac gia sé sir dung mo hinh toan hoc md ta hé thong béanh 1ai duoc dé nghi
boi Van Amerogen (1982). M6 hinh nay cung cap nhiing tac déng quan trong
cta hé théng béanh 14i trén thuc té:

G6c banh lai t6i da: chuyén dong caa banh lai duoc rang bugc boi diéu
Kign-s,,, <5<6,,, (d0).

Ngoai ra van tbc goc banh lai cung bi gigi han boi diéu kién sau:
-5, <56<6., . Coi dong chay 1a khong doi va dong nhit.
1.1.3. Phwong phdp thir nghi¢m xdc dinh hé so K, T

Quaé trinh ché tao va tha nghiém bo diéu khién trén mé hinh thuc té doi
hoi ta phai thir nghiém va tinh toan duoc cac hé s6 K-T caa mé hinh Nomoto
bac nhat. Cac hé s ndy sau d6 duoc sir dung dé thiét ké bo diéu khién cho hé
thong 14i tau tu dong (vi du nhu cac hé s K, Ki va K4 trong bo diéu khién
PID). C6 nhiéu phuong phap dugc dua ra dé xac dinh hai hé sé nay. Tuy
nhién pho bién nhat 13 phuong phap thtr nghiém diéu dong zig-zag caa con

tau.
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Str dung md hinh Nomoto bac nhat va thuc hién moét loat diéu dong
theo hinh zig-zag. Dit liéu thuc nghiém thu vé s& dugc phan tich va méi quan
hé giita cac dic trung cta phép thtr zig-zag véi cac hé sb K-T s& duoc biéu
dién dudi dang do thi. Nguoc lai, tir nhitng do thi nay ta c6 thé tim ra cac hé
sb K-T ctia mo hinh Nomoto bac nhit .
1.1.3.1. biéu dong Zig-zag

Diéu dong zig-zag st dung mé hinh Nomoto bac nhit véi céc thong sb
cua tau mo hinh nhu sau:

- 5,: Goc ma 16n nhat caa béanh 14i (46);

- &1 GOC banh l4i ma tai d6 quy dao con tau 1a dwong thang (do);

- §: Toc do beé ai (do/s).

Cac thong so thu duoc tir dit liéu thyc nghiém mé hinh diéu dong zig-
zag:

- t,- Chu ky (s);

- v, : GOc mili tau trung binh (d9);

- v, Sai léch goc mili tau 16n nhat khoi v, (d6).

Pé loai trir sai s6 do quan tinh va d6 mat 6n dinh caa tau, thi chu ky tha
ba cua dit liéu thuc nghiém s& duoc sir dung dé phan tich va xac dinh cac
thong so can thiét cho mo hinh diéu dong zig-zag.

n
8.y

T >
S, Va

Hinh 1.2. Tht nghiém zig-zag 1y tuong
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Theo tai liéu [46], quan hé giita cac thdng so thu tir dix liéu thuc nghiém

va hai hé s6 K, T cia md hinh bac nhat Nomoto ¢6 dang nhu sau:

C, 1
ty =tpo| 1 +5—2 + Etrcl (1.15)
(&) -1
K1 8.\
% = q;“‘ + S+ KT82C, + (—) C, (1.16)
U 1
6—:5 =G5~ L,09K- ¢, (1.17)
Trong d6
- t,=25,/|3|: Thoi gian thyc hién bé l4i;

- t,, - Chu ky diéu dong vai 8] =0 va 5,=0;
- v,, : Bién d6 goc mii tau voi ‘5‘ =00 VA &, =0;
- t,, /T,y /6,,C,,C,,C,, C, - lacac ham theo tich K, T;
- C, : Ham theo 7|3 .
1.1.3.2. Tinh todn cac hé s6 K, T
Véi cac gid tri ly tudng &, 8|, w,,w,.t, da biét, thong s6 can tim trong
phuong trinh (1.15), (1.16) va (1.17) 1a K, T va g . Cac phuong trinh nay co
thé duoc giai bang phuong phéap 1ap. Theo tai liéu [14], ta c6 thé sir dung cac
gia tri gan dung nhu sau:
5.1 6,
C,~4-0,25KT (1.18)
C,=0
Thay (4.18) vao phuong trinh (4.15) va (4.16), ta duoc:
t, =t, -2t +0,125KTt, (1.19)
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(1.20)

1.00

1.5

0.50

KT
0.5

0.25

]

—

1.0 15 2.0

— Vg, /32 .
Hinh 1.3. Quan h¢ giita hé s6 A, K-T véi v, /5, [13].

Ngoai ra, theo tai liéu [46] thi phuong trinh T dugc khai trién nhu sau:
T tho _ t,—2t +0,125t KT

4(_1+1j 4(_1+/1j
KT KT

Trong d6, A 12 ham sé theo K-T. Ciing theo din dat trong tai liéu [46],
v, /6, 1aham sé theo K-T (xem hinh 1.3)

(1.21)

Nhu vay, véi cac gid tri Iy tuong s,,y,.t,,t, da biét, cac hé sd k va T

c6 thé tinh duoc tir (1.16), (1.17), (1.18) bang mot phép lap don gian va nhanh
chong theo phuong phap sau:

Budc 1: Boan vy, /5, bé qua 0.5-K-t trong phuong trinh (1.17);
Budc 2: Tai giatri v, /6, hinh 1.3 chogiatri k.-T va 4;
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Budc 3: Thay gid tri k-7 va 4 vao phuong trinh (1.18) ta tinh duoc
giatri T;

Budc 4: T K-T va T suyraK;

Budc 5: Sir dung phuong trinh (1.17), 1ap lai tr budc 2 véi gia tri
w,, |5, m&i dén khi gia tri K, T khong thay doi nita.
1.1.3.3. Khao sat thuc nghiém xac dinh hé s6 K, T cho tau mé hinh

T két qua thuc nghiém, hé sé K, T caa md hinh bac nhat Nomoto
duoc tién hanh tinh toan bang phuong phép lip da giéi thiéu o phan 1.1.3.2
véi cac thdng sb dau vao duoc rit ra tir thuc nghiém nhu sau:

8,=20°; §,=0°; y,=28.1° y,=1° t,=18s; t,=0.4s

Zig-Zag Maneuver
T

40 T T
30— A e
v Wank W
20 —fj"\/ \f\\ |-_,\ P N Sy J|\"[ 7 "\.I‘
| \ |
10— / \ ~ { |
@©
% °r |I \\. | l/ ‘ | I\
‘.\ | \
-0 ‘| v"..\ ‘ ‘|‘ | '\|,l|‘
20 b «\\i\l\" ’/'/ v NSNS S EL
1
30— Nr’r b
s | | \ \ \ \
0 10 20 30 40 50 60

time (second)

Hinh 1.4. Két qua thuc nghiém mo hinh diéu dong zig-zag

Bang 1.1. Hé s6 K, T giai bang phuong phép lip

Lan| V. yl KT | T K Vi A K-T
% mai mai % mai mai

mai
1 1.405| 0.915| -1.496 (2.704 | -0.553 | 1.516 | 0.873 | -2.067
2 1.516 | 0.873| -2.067 |2.15 -0.656 | 1.536 | 0.867 | -2.175
3 1.536| 0.867| -2.175 (2.22 -0.675 | 154 | 0.865| -2.176
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Sau ba lan I3p thi ta c6 thé thay gia tri K va T d3 hoi tu vé K=-0.675 va
T=2.22. Nhu vay tir hai hé s6 K, T caa md hinh Nomoto bac nhit tim duoc
nho phuong phap giai 1ap & trén thi ta ¢ thé xac dinh dugc ham truyén cua
tau mo6 hinh nhu sau:

w(s) 0,675
5(s)  s(1+3,22s) (1.22)

Ham truyén caa tau mé hinh (1.21) nay s& duoc sir dung d¢é md phong
hé thong diéu khién hudng tau (may lai tu dong) trong thuc nghiém.
1.2. H¢ thong din dwong
1.2.1. Gidi thigu vé hé théng ddn dwong

Déi véi c4c tau bién hoat dong trén pham vi 16n tir nude ndy sang nudc
khéc thi viéc diéu khién mot con tau chay dung theo mot quy dao dinh trudc,
va tranh cac vat can khac trén suét chiang hanh trinh 12 mot céng viéc hét stc
kho khin cua thuyén truong. Ciing chinh tir nhitng khé khin nay ma hé théng
dan duong cho tau bién da duoc ra doi dé két hop véi cac hé thdng lai tau tu
dong dé diéu khién con tau chay theo quy dao mong muédn va hon nira 1a c6
thé toi wu hanh trinh di chuyén vé mat thoi gian va nhién liéu tiéu hao. Hé
théng dan duong c6 nhiém vu xay dung mot quy dao mong mudn dé gidp tau
di tir diém xuat phat dén diém dich cudi cung va di qua cac diém mdc quan
trong trén hanh trinh di chuyén (diém chuyén huéng), ngoai ra hé théng dan
duong con phai tinh todn céc tin hiéu vé vi tri mong mudn, van tc va gia téc
dé cung cap cho hé théng lai tau tu dong nham gitp cho con tau bam theo quy
dao mong mudn. Quy dao cua con tau s& duoc thiét 1ap theo toa do cua cac

waypoint (x,.y,)eR? trong hé truc toa do {n}.

Hé théng din duong ty dong theo quy dao (Path-following System) c6

thé dugc sir dung véi hai muc dich sau:
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- biéu khién trong tam con tau tring véi duong quy dao da thiét lap.
Cong viéc nay dua trén cac phép tinh hinh hoc phang trong dé cac doan quy
dao mong mudn tao boi hai diém chuyén hudng Ia nhitng doan thang. Thuat
toan dan duong Line-Of-Sight (LOS) 1a phuong phap hiéu qua va duoc sir
dung rong réi trong thuc té.

- biéu khién van toc con tau theo thiét 1ap & timg doan quy dao.

Trong luan &n, tac gia sir dung thuat toan LOS dé thiét ké hé thong dan
duong cho mét con tau chay theo mot quy dinh trude duoc tao thanh tir cac
doan thang va cung tron. Van dé diéu khién van téc tau dugc bo qua va coi
nhu van toc mong mudn 1a hang sé trén cac doan thang quy dao.

1.2.2. Phwong phdp xiy dung quy dao mong muén

Hé thong dan dudng danh cho cac phuong tién di chuyén trén mat nudc
no6i chung hay tau bién néi riéng thuong dugc mo ta bang cac diém chuyeén
huéng. Diém chuyén hudn co thé duoc hiéu 1a cac diém méc trén quy dao ma
con tau can phai di qua dé di dén dich cudi ciing ma con tau muén dén. Cac
diém chuyén huéng s& dugc lua chon dya vao hiéu biét vé hai trinh va kinh
nghiém cua nguoi lai tau thong qua moét giao dién nguoi dung va dugce luu triv
trong hé thong dix lieu. Bo dit lidu vé diém chuyén hudng s& duoc hé théng
dan duong st dung dé xay dung quy dao mong mudn cho con tau bam theo.
Ngoai ra khi xay dung quy dao mong muén cho con tau thi hé thong dan
duong con cd thé két hop bo dir licu diém chuyén hudng va cac théng tin
khéc chang han nhu thong tin vé thoi tiét va vat can nham gidp con tau co thé

di chuyén an toan, va tiét kiém nhién liéu hon.
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Hinh 1.5. Quy dao cta con tau md ta boi cac diém chuyén hudng (waypoint)
Hé thong di# lidu diém chuyén hwréng
Hién nay trén thé gigi c6 rat nhiéu cach dé mo ta quy dao cia mot con
tau tuy nhién phuong phap dugc st dung phd bién nhat 1a sir dung cac diém
chuyén hudng va cac diém chuyén huéng dugc xac dinh trong hé truc toa do
{n} bsi hai toa d6 (x,,y.). Do d6, dit liéu cac diém chuyén huéng vé vi tri

con tau s€ duogc luu trir dudi dang nhur sau:

wpt.pos = {(xo,yo),(xl,yl),...,(xn,yn )} (1.23)
Ngoai ra, hé thong cac diém chuyén huéng ciia mot con tau con luu trix
thém céc thong tin vé van tocU, caa con tau ciing nhu goc mili tau w,. Cac
thong tin nay sé& luu trong hé thdng cac diém chuyén huéng duéi dang nhu
sau:
wptspeed ={U,,U,,..., U, }
wpt.heading = {yo,¥,.... v, }
M@ ta quy dao cua con tau dura trén cdce doan thang va cung tron
Theo mét két qua nghién ctiu ndi tiéng cua tac gia Dubins (1957) duoc
trinh bay trong tai liéu [1] thi con dudng ngan nhat (thoi gian nho nhat) di qua
cac diém chuyén hudng (XY w1) dbi véi mot con tau dang chuyén dong voi

van toc khong ddi U 13 con duong duoc tao thanh tir nhitng doan thang va
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cung tron. Do d6, hé théng dan dudng cho tau bién thuong sir dung cac doan
thang va cung tron dé ndi cac diém chuyén hudng lai voi nhau nham tao nén

quy dao di chuyén mong mudn cho con tau nhu hinh 4.6.

F ;
[ %.¥, )

A
(X.¥ )

%y, )

¥

Hinh 1.6. Quy dao ctia con tau mé ta bang cac doan thang va cung tron

Hinh 1.6 md ta quy dao mong mudn cua mot con tau duoc thanh tir 4
doan thang va 3 duong tron noi tiép véi ban kinh dugc ky hiéu R,. Con tau sé
bat dau di chuyén tir diém chuyén huéng (waypoint 0) va di chuyén trén
duong thang tao thanh tir diém chuyén hudng waypoint 0 va waypoint 1. Khi
con tau tién gan dén diém chuyén huéng waypoint 1 thi con tau sé tién hanh
bé 14i va di chuyén vao cung tron ban kinh R tai diém A; va di ra khoi cung
tron tai diém A; va di vao duong thang tao thanh tir waypoint 1 va waypoint 2
va ctr nhu thé con tau s& 1an luot di qua cac diém By, By, Ci, C, va di dén

diém dich cudi ciing waypoint 2.
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Tuy nhién, ddi véi cac quy dao duoc tao ra bang phuong phap nay sé
c6 mot nhuge diém chinh 12 van téc goc miii tau s& c6 mot budce nhay khi con
tau dén gan diém giao gitta hai duong thang bai vi van tbc goc mii tau
r, =0trén cac doan thang, nguoc lai trén cac cung tron néi hai doan quy dao
lién tiép thi r,=const. Hon nira diéu nay ciing s& lam cho sai s6 bam quy dao
cuia con tau tang I&n khi con tau di chuyén gan dén giao diém giira hai doan
thang. Mac di vay do tinh don gian va kha thi dé thuc nghiém trong diéu kién
thuc té nén trong dé tai luan van nay tac gia van s& chon phuong phap nay dé
xay dung quy dao mong muébn cho con tau.

N
X

Hinh 1.7. Ban kinh cho phép tai mdi diém chuyén hudng

Ngoai ra, nguoi van hanh tau thuong phai xac dinh mot duong tron voi
ban kinh R, xung quay mdi diém chuyén hudng dé xac dinh vi tri con tau tién
hanh bé 14 dé di chuyén vao cac cung tron nham bam theo doan thing quy
dao ké tiép. Khi d6, hé théng diém chuyén hudng cua con tau s& co thém
thanh phan ban kinh R,va dugc mo ta nhu sau:

wpt.radius={R;,R,,...R,} (1.24)
Dua vao cac phép tinh hinh hoc nhu trén hinh 1.7 thi ban kinh cua céac

cung tron co thé duoc xac dinh nhu sau:
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RR tang, (1.25)

[xl-‘-‘l]'

Hinh 1.8. Ban kinh cung tron trén quy dao mong mubn

1.2.3. Ludt diéu hwéng Line-of-sight (LOS)

Gia str mot con tau c6 toa do (x,y) trong hé truc toa do {n} di chuyén
trong mat phang nam ngang va bam theo quy d¢ao mong muén 1a mot doan
thaing duoc tao thanh tir hai diém chuyén hudng p" :[xk,yk]TVé
P, =[xk+1,yk+l]T nhu trong hinh 1.8 thi van tdc cia con tau va hudng di s&

duoc xac dinh nhu sau:

U (t)=yX(t) + (1) (1.26)
x(t)=atan2(y(t),x(t))e[-77] (1.27)

Pé xac dinh sai s6 bam quy dao cua con tau e(t) thi ta sé& tién hanh

chuyén toa do (x,y) cua con tau trong hé truc toa d6 {n} sang hé truc toa do
tham chiéu véi goc dt tai waypoint pf =[x,,y,]  va hé truc toa do tham chiéu
nay quay quanh truc z, cua hé truc toa do {n} mét goc «, duoc xac dinh nhu
sau:

3 = atan 2(Yies = Yio X = Xc) (1.28)
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e(t)=R,(a,) [ p"(t)-p;] (1.29)
trong do:
&(t) =[s(t).e(t)]'.
s(t) : 1a khoang cach along-track.
e(t): 1a sai s6 bam quy dao.
Theo tai liéu [14] thi gia tri ma tran R (¢, )" duoc tinh nhu sau:

R, (a) -

Két hop biéu thire (1.28) va (1.29), ta co thé xac dinh duoc sai s6 bam

cosa, -Sina
“ k} (1.30)

sina, C0sa,

qu¥ dao cua con tau nhu sau:
e(t)=—[ x(t)-x, Jsina +[ y(t)-y, Jcosa, (1.31)

Nhu duoc gigi thiéu ¢ phan Phu luc 1.2.1 thi nhiém vu chinh cua hé
théng dan duong (Guidance) 1a tinh todn cac trang thai mong muon nham
gitp cho con tau cé thé bam theo quy dao duoc dinh trude, diéu ndy ciling
tuong duong vai viéc hé thong dan duong phai 1am cho sai sé6 bam quy dao
e(t) tién vé 0 (lime(t) =0). B¢ thuc hién dugc diéu nay thi hg thong dan duong
LOS sir dung nguyén Iy Lookahead-based Steering dé tinh toan huéng di
mong muén y, va tir d6 tinh ra goc mili tau mong muén y, cung cap cho hé
théng may lai ty dong. Hé thong may lai tu dong sé sir dung w, nhu 14 tin
hiéu diéu khién dau vao nham diéu khién con tau bam theo quy dao mong

mudn va lam cho sai s6 bam quy dao cua con tau giam dan vé 0.
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Hinh 1.9. Luat diéu hudéng LOS

Phuong phap diéu khién tau bang nguyén ly Lookahead-based Steering
s& 1am cho sai s6 bam quy dao e(t) tién vé 0 bang cach hudng vector van toc
cta con tau dén diém chuyén hudng ké tiép trén quy dao ma con tau can phai
di dén hay ciing chinh 1a diém chuyén hudng pf., trén doan thang quy dao ma
con tau dang bam theo nhu hinh 1.9.

Theo tai liu [25] thi hudng di mong mudn y, theo nguyén ly
Lookahead-based Steering s& duoc tach thanh hai thanh phan nhu sau:

Xa =Xyt 2:(€) (1.32)

Trong d6 z, 12 goc tiép tuyén clia doan thang quy dao mong mudn con
7, 14 gbéc twong quan giira van téc va quy dao chuyén. Goc y, duoc thém vao
v, Nham dam bao rang vector van téc U cia con tau luén hudng vé diém
chuyén huéng py, .

X, = (1.33)

7, (e)=arctan (—?) (1.34)
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Trong d6 A l1a khoang cach tir hinh chiéu cua diém p"(t) trén doan
thang quy dao mong mudn cho dén diém chuyén huéng py.,.

Tur (1.31), (1.32) va (1.33) thi ta c6 thé tinh duoc hudng di mong mudbn
(desired heading) theo nguyén ly Lookahead-based Steering nhu sau:

Va=Xa=B=Xyt 2 =P (1.35)
Trong do ﬂ:arcsin(%j la géc truot cta con tau. Tuy nhién vi v U

nén ta co thé xtac gia nhu S ~0.
Khi d6, (1.35) dugc viét lai thanh:
Wa=2p+ X (8) (1.36)
1.2.4. Bén kinh dwong tron gidi han chuyén hwéng tiu
Trong qué trinh bam theo doan quy dao mong muén, néu nhu con tau
di vao bén trong dudng tron gidi han ban kinh R, co tam 1a diém chuyén
huéng (x,.y,) thi hé thong lya chon diém chuyén huéng s& phét hign va ra
lénh cho hé thong dan duong (Guidance System) nham tinh toan cac théng sé
can thiét gilp tau chuyén huéng nhim bam theo doan thang quy dao mong
muén ké tiép. Hay noi cach khéc, luc nay diém chuyén hudng cé toa do
(Xp1: Yo ) S& dugC chon lam diém chuyén huéng mong muén tiép theo ma con
tau can hudng dén néu toa do con tau thoa man diéu kién sau:
[ %, - x(t)]2 +[ ¥, - y(t)]2 <R? (1.37)
Theo [25] thi ban kinh R, c6 thé dugc nhu sau:
Rn = 2Lon (1.38)
Trong d6 Loa & chiéu dai toan bo cua tau nhu trong hinh 1.10.
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Ship size (side view)

L.O.A. Length Over All
Registered Length

A

\J

A

Y

L.P.P. Length between Perpendicular

Crossing point
inside Bow plate

and Upper deck ——

A

Y

Yoadedlwaterdline

Crossing point
Bow and Loade
water line

Rudder shaft or
center of Rudder head

Hinh 1.10. Chiéu dai toan bd Loa caa con tau
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PHU LUC 2
MA CODE MATLAB CHO MO HINH TAU MARINER

function [xdot,U] = mariner (x,ui,U0)

% [xdot,U] = mariner (x,ul) returns the speed U in m/s (optionally) and

% the time derivative of the state vector: x = [ u v r x y psi delta n ]’
% for the Mariner class vessel L = 160.93 m, where

% u = pertubed surge velocity about Uo (m/s)

5 Vv = pertubed sway velocity about zero (m/s)

5 r = pertubed yaw velocity about zero (rad/s)

% x = position in x-direction (m)

%y = position in y-direction (m)

% psi = pertubed yaw angle about zero (rad)

% delta = actual rudder angle (rad)

% The inputs are

% ui = commanded rudder angle (rad)
% U0 = nominal speed (optionally). Default value is U0 = 7.7175 m/s =

% 15 knots.

% Reference: M.S. Chislett and J. Stroem-Tejsen (1965). Planar Motion
$Mechanism Tests and Full-Scale Steering and Maneuvering Predictions for
%a Mariner Class Vessel,

%Technical Report Hy-5, Hydro- and Aerodynamics Laboratory, Lyngby,

% Denmark.
% Author: Trygve Lauvdal
% Date: 12th May 1994

% Revisions: 19th July 2001 (Thor I. Fossen): added input/ouput U0 and U,
%changed order of x-vector

% 20th July 2001 (Thor I. Fossen): replaced inertia matrix
with correct values

% 11th July 2003 (Thor I. Fossen): max rudder is changed from

o)

% 30 deg to 40 deg to satisfy IMO regulations for 35 deg rudder execute
% Check of input and state dimensions

if (length(x) ~= T7),error ('x-vector must have dimension 7 !'); end
if (length(ui) ~= 1),error('ui must be a scalar input!'); end

if nargin==2, U0 = 7.7175; end

% Normalization variables

L = 160.93;
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U = sqgrt ((U0 + x(1))"2 + x(2)"2);

Q

% Non-dimensional states and inputs

delta ¢ = -ui; % delta c = -ui such that positive delta ¢ -> positive r
u = x(1)/U;

v = x(2)/0;

r = x(3)*L/U;

psi = x(6);

delta = x(7);

% Parameters, hydrodynamic derivatives and main dimensions

delta max = 40; % max rudder angle (deqg)
Ddelta max = 5; % max rudder derivative (deg/s)
m = 798e-5;
Iz = 39.2e-5;
xG = -0.023;
Xudot = -42e-5; Yvdot = -748e-5; Nvdot = 4.646e-5;
Xu = -184e-5; Yrdot =-9.354e-5; Nrdot = -43.8e-5;
Xuu = -110e-5; Yv = -1160e-5; Nv = -264e-5;
Xuuu = -215e-5; Yr = -499%e-5; Nr = -166e-5;
Xvv = —-899e-5; Yvvv = -8078e-5; Nvvv = 1636e-5;
Xrr = 18e-5; Yvvr = 15356e-5; Nvvr = -5483e-5;
Xdd = -9be-5; Yvu = -1160e-5; Nvu = -264e-5;
Xudd = -190e-5; Yru = -499%e-5; Nru = -166e-5;
Xrv = 798e-5; Yd = 278e-5; Nd = -139%e-5;
Xvd = 93e-5; Yddd = -90e-5; Nddd = 45e-5;
Xuvd = 93e-5; Yud = 556e-5; Nud = -278e-5;
Yuud = 278e-5; Nuud = -139e-5;
Yvdd = -4e-5; Nvdd = 13e-5;
Yvvd = 1190e-5; Nvvd = -489e-5;
Y0 = -4e-5; NO = 3e-5;
Y0u = -8e-5; NOu = 6e-5;
YO0uu = -4e-5; NOuu = 3e-5;

o)

% Masses and moments of inertia
mll = m-Xudot;

m22 = m-Yvdot;
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m23

m*xG-Yrdot;
m32 = m*xG-Nvdot;
m33

Iz-Nrdot;

[}

% Rudder saturation and dynamics
if abs(delta c) >= delta max*pi/180,
delta c = sign(delta c)*delta max*pi/180;
end
delta dot = delta c - delta;
if abs(delta dot) >= Ddelta max*pi/180,
delta dot = sign(delta dot)*Ddelta max*pi/180;

end

o°

Forces and moments

X = Xu*u + Xuu*u”2 + Xuuu*u”3 + Xvv*v"2 + Xrr*r*2 + Xrv*r*v + Xdd*delta”2

Xudd*u*delta”2 + Xvd*v*delta + Xuvd*u*v*delta;

Y = Yv*v + Yr*r + Yvvv*v"3 + Yvvr*v"2*r + Yvu*v*u + Yru*r*u + Yd*delta +

Yddd*delta”3 + Yud*u*delta + Yuud*u”2*delta + Yvdd*v*delta”2 +
Yvvd*v*2*delta + (YO + YOu*u + YOuu*u~2);

N = Nv*v + Nr*r + Nvvv*v"3 + Nvvr*v”*2*r + Nvu*v*u + Nru*r*u + Nd*delta +

Nddd*delta”~3 + Nud*u*delta + Nuud*u”2*delta + Nvdd*v*delta”2 +

Nvvd*v~2*delta + (NO + NOu*u + NOQuu*u”"2);

o\

Dimensional state derivative
detM22 = m22*m33-m23*m32;
xdot = [ X* (U2/L) /ml1l
- (-m33*Y+m23*N) * (U~2/L) /detM22
(-m32*Y+m22*N) * (U2/L"2) /detM22
(cos (psi) * (UO/U+u) -sin (psi) *v) *U
(sin(psi) * (U0O/U+u) +cos (psi) *v) *U

r* (U/L)
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PHU LUC 3
MA CODE MATLAB CHO BQ PIEU KHIEN PID NO-RON LAN
TRUYEN NGUQC

000000000000000000000000000000000000000000000000000000000000000000000

% PID control based on Back Propagation neuron network for Mariner Ship
Heading Regulation
% Simulation on computer

% This control method uses NN1 for approximating the ship model,

o\

and NN2 for outputing Kp, Ki, Kd (NN1 va NN2)

o\

- MOMENTUM in learning is used for NN1

o°

Author: NGUYEN PHUNG HUNG & VO HONG HAT

00000000000000000000000000000000000000000000000000000000000000000000

[}

clear; % Clear all variables in memory

o\

The BPNN-PID Controller is of the form (4 - 5 - 3):
% (4 input norons, 5 hidden norons, 3 output noron)

IN = 6; H = 7; Out = 3; NN Structure

o°

Input layer consists of 4 norons with unity weights and zero bias,

o\

include: reference course (psi r), actual course(psi), actual course

o\

(error) and d(error)/dt

% Backpropagation algorithm:

$delta(wij (k)) = - eta* (dEk/dwij)+alfa*delta (wij (k-1))
eta = 0.5; % learning rate
alfa = 0.05;% momentum coefficient

Q

% We start executing the controller with ralative small weights:

W21 = rands (H,IN)*0.00001; % Set random hidden layer weights
W32 = rands (Out,H)*0.00001;% Set random output layer weights
$x =[uvrxypsideltal]'

x = zeros(7,1); % Set initial state of the ship

$ delta=x(7);

delta 1=0;

delta 2=0; S%rudder angle at k-1,..., k-5
delta 3=0;
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psi 1=0;
psi 2=0;% actual heading at k,k-1,.., k-3

Q

error 1=0; % heading error at k,k-1,..,k-3
error 2=0;

error 3=0;

h=0.1; % Sampling time for integration (integration step size)
k=1; % This is time's index (not time, its index).

t=0; % Reset time to zero

N = 150;

ro w = 1.5;

beta w = 0.3;
kp 1 = 0;
ki 1 = 0;
kd 1 = 0;
r = 0;

d psi dot 1 =0;
d psi _dot 2 =0;

psi dot 1 =0;
psi _dot 2 =0;
psi _dot 3 =0;
T = 10;

rd 1 = 0; % Desired yaw rate calculated by reference model
psi d 1 =20
Z sum = 0;
Z psi 1=0;
E1 1
El 2 = 0;

Bl 3

I
(@)
~

Il
(@)
~.

net in=zeros(IN,1);
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% For reference model:

z = 1; % relative damping ratio

w = 0.05; % natural frequency

damper = 1; % nonlinear damping coeff.

Twv = 50; % period of wind velocity

Twd = 6; % period of wind direction

U0 = 7.7175; % nominal speed. Default value is U0 = 7.7175 m/s = 15
% knots.

8] = U0,

t final = 9000;

00000000000000000000000000000000000000000000000000000000000

% START SIMULATION:
% disp('Simulating PID based on BPNN')
for k=1:t final

t=k*h;

o°

psi r(k)=20*(pi/180);

[}

% Firstly, we define the reference input psi r (desired heading)

if t<300, psi r(k) = 25*(pi/180); end % Desired heading is 20 deg
if £>=300, psi r(k) = -25*(pi/180); end % Desired heading is -20 deg
if t>600, psi r(k) = 25*(pi/180); end % Desired heading is 20 deg

% Sensor noise for the heading
% sensor with a uniform
% distribution on[-0.01,+0.01]
% deg.

% s(k) = 0.01*(pi/180)* (2*rand - 1);

0n
~
I
(@)
~
o°

This allow us to remove the noise

e}
0n
}_l
~

I
b

B
+
0n
~
o°

Heading of the ship with sensor noise

oe
=
~
Il
b
w
~
oe

This is pertubed yaw velocity about zero

oe

(rad/s) at time step k

oe

Use reference model to produce desired heading psi d(k). This is

o

reference model with nonlinear damping: (Fossen 2002)

rd 1;

psi_d dot

rd dot = wh2*(psi r(k)-psi d 1) - 2*z*w*rd 1 -
damper*abs (rd 1) *rd 1;

rd (k) = rd 1 + h*rd dot;
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if Twv==50
Twv = 0;
if Twd==
Twd = 0;
Windir = (180/pi) * (inf2ber (60*rand (1) *pi/180) + psi(k));
end
Twd = Twd + 1;
[wind,V_w] = WindGen2 (psi (k),Windir,U,h);
end

Twv = Twv + 1;

wdr (k) = Windir; wve(k) = V_w;
error (k) = psi d(k) - psi(k); % This is heading error
psi dot (k) = psi(k)- psi 1;

d psi dot (k)= psi dot(k) - psi dot 1;

% Z psi (k) = h*(Z psi 1 + error(k));
Z psi (k) = 72 psi 1 + error(k);
if k>=T+1

Z sum = 0;
for 1ii=1:T
Z sum = Z sum + Z psi(k-ii);
end
end
Fm——mm = Output of NN-—-——-----"""----—————
Oi = mlnnc(Out,H,IN,net in,W21,W32);
kp (k) = 50*01i(1);
ki (k)

10*01 (2) ;
kd (k) = 10%01(3);

T-—————= PID Command--—-————-——-—————————————————
delta (k) = delta a(k) + (kp(k)+ki(k)+kd(k))*error(k)...
- (kp(k)+2*kd (k) ) *error 1...
+ kd (k) *error 2;
xx (1) = error 1;
xx(2) = error 2;
xx(3) = error_ 3;
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xx(4) = error (k) - error 1;
xx(5) = error 1 - error 2;
xX(6) = error 2 - error 3;
net in = [xx(1);xx(2);xx(3);xx(4);xx(5);xx(6)];
E = [error (k) sign(Zz psi(k))*Z psi(k) error(k)-error 1];

clc;
fprintf ('Simulating PID based on BPNN...please wait!\n*Counter = %d
(sd)\n',k,t_final-k);

if delta(k)>= 35* (pi/180) $Restricting the output of controller
delta (k)=35*(pi/180);

end

if delta(k)<=-35* (pi/180)
delta(k)=-35*(pi/180) ;

o°

Next we use 2nd order Euler method to calculate ship state:

[xdot,U] = mariner3(x,delta(k),U0,wind);
% xdot = mariner (x,delta(k));
X = euler? (xdot, x,h); % Calculated next state

o°

NN Training
Moment2l1 = alfa*W21l;
Moment32

alfa*w3z;
[W21,W32] = bpnnTrain (h,eta,N,Out,H,IN,net in,E,0,0,...

ro w,lamda w,beta w);

=

N

=
Il

W21 + Moment2l;
W32 = W32 + Moment32;
%$Parameters Update
kp 1 = kp(k);

ki 1 = ki(k);

kd 1 = kd(k);

$ E1 3 = E1 2;
$ El 2 =El_1;
$ El 1 = El;
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delta 3
delta 2
delta 1
psi 2
psi 1

psi_dot

delta 2;
delta 1;

delta (k) ;

psi 1;

psi (k) ;

3=psi_dot 2;

psi dot 2=psi dot 1;

psi _dot 1=psi dot(k);

o

% Z psi 1

d psi _dot 2

d psi dot 1

error_ 3
error 2

error 1

psi d 1
rd 1
time (k)
end
E psi =
E_ rudde

r

= t;

for i=1:k

E1 (i)

E(1

)

E psi

’

Z_psi(k);

d psi dot 1;

d psi_dot (k);

error_ 2;

error 1;

error (k) ;

psi_d(k);
rd (k) ;

’

O .

E_ rudder

’

(psi d(i)-psi(i))"2;

delta a(i)"2;

E psi + E1(1);

% Plot the results:

E rudder + E(1);

% Convert from radian to degree

psi =

psi* (180/pi);
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psi r = psi r*(180/pi);
psi d = psi d*(180/pi);

error = error* (180/pi);

psi dot = psi dot*(180/pi);

% psi _dot hat = psi dot hat* (180/pi);
d psi dot = d psi dot*(180/pi);
delta = delta* (180/pi);

figure (1) ;

clf;

subplot (211)

plot (time,psi, 'k-',time,psi r, 'k--"',time,psi d,'b:")
title('Ship heading (solid) and desired ship heading (dashed),deg')
legend ('Ship heading', 'Reference heading',0)
grid on

subplot (212)

plot (time,delta, 'k-")

title ('Rudder angle (\delta),deg')
grid on

figure (2);

clf;

subplot (311) ;

plot (time, kp, 'r');

xlabel ("time (s) ') ;ylabel ('kp');

title ('KP')

grid on

subplot (312) ;

plot (time, ki, 'g');

xlabel ('time(s) ') ;ylabel ('ki"');

title ('KI"')

grid on

subplot (313) ;

plot (time, kd, 'b") ;

xlabel ('time(s) ') ;ylabel ('kd"');

title ('KD"')
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(deg/s”2) ")

(deg) ")
(deg/s) ")

subplot (311)

plot (time,error, 'k-")
title('Course error

grid on

subplot (312)

plot (time,psi dot, 'k-")
title('Rate of turn

grid on

subplot (313)

plot (time,d psi dot, 'k-")
title ('Turning accelarator
grid on

clf
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END OF PROGRAM

°
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