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Tom tat

M& hinh d@éng hoc, bao gom dong hoc nghich (IK)
va déng hoc thugn (FK), & van dé dau tién can
duoc gidi quyét khi nghién cizu robot day song
song (CDPR). NguroC lai Vi bai todn IK, trong do
cde phirong trinh dwoc tach roi va cé thé duoc
gidi truc tiép, bai toan FK lai lién quan dén tinh
phi tuyén va kho gidi hon. Nhin chung, vin dé FK
ciia CDPR khong thé gidi quyér duoc vé mat phan
tich. Tuy nhién, doi véi mgt CDPR théng thirong
vdi sau bdc tir do (DoF), khdng c6 gidi phap phan
tich nao kha quan. Do dé, phirong phdp sé6 phdi
dirgc can nhac dé tim ra loi gidi, phirong phdp nay
cO mét nhwoce diém 14 tiéu ton thoi gian, dac biét
la trong tinh toan thoi gian thxc. Trong nghién
Clu nay, dé giai quyét cac van dé lién quan dén
bai todn FK, chiing t6i dé xuat mgt mang no-ron
d@é wéc tinh vj tri va g6c nghiéng cua thiét bj dau

cusi (EE) duwa trén phwong phdp hoc nong. Diz

liu hudn luyén dau vao la chiéu dai cia day va
dir liéu dau ra 1a vi tri va huwéng cia EE thu dwoc
ter mo hinh IK.

Twr khéa: Robot day song song, mé hinh dong
hoc, mé hinh nguotc, mang No-ron.

Abstract

Kinematic model, including inverse kinematics
(IK) and forward kinematics (FK), is the first
problem that needs to be solved when researching
cable-driven parallel robots (CDPR). In contrast
with inverse kinematics, where the equations are
decoupled and can be solved directly, the forward
kinematics problem is more involved. Generally,
the forward kinematics problem of CDPR are not
analytically solvable. However, for a general
CDPR with six degree of freedom (DoF), there is
no analytical solution at hand. Therefore,
numerical method has to be considered to find the
solution, which is a drawback in terms of time
consumption, especially in real-time computing.

In this study, to solve the problems related to the
forward kinematics problem, we propose a neural
network to estimate the position and orientation of
end-effector (EE) based on the shallow learning
method. The input training data is the length of the
cables and the output data is the position and
orientation of EE obtained from the inverse
kinematic model.

Keywords:  Cable-driven  parallel  robot,
kinematic model, inverse model, neural network.

1. Giai thiéu chung

Robot song song ¢6 nhirng wu diém vé khong gian
lam viéc rong [1], kha nang chiu luc Ién [2], toc do
cao [3] khi so sanh véi robot néi tiép. Robot nay dugc
@ng dung trong nhiéu linh vyc nhu robot in 3D [4],
robot lau kinh [5],... Trong qué trinh thiét ké va cau
hinh cho robot, dong hoc ciia robot 14 bai toan dau tién
can phai dat dugc. Ngoai ra, phan tich dong hoc thuan
(FK) trong hé théng diéu khién thoi gian thyc rat quan
trong dé dua ra mot ké hoach diéu khién. Do vay, phan
tich FK trong thai gian thuc 1a rat quan trong cho thiét
ké, diéu khién, va phan tich khong gian lam viéc cua
robot song song.

Bai toan dong hoc cua robot song song duoc chia
lam hai bai toan 1én, d6 1a bai toan dong hoc nghich
(1K) va bai toan FK. Bai todn FK c6 thé dé dang giai
duogc bang phuong phéap closed-form [6]. Tuy nhién,
van dé nay la rat phuc tap, bai vi n6 1a hé thong cac
phuong trinh phi tuyén bac cao [7]. Hién nay, hau hét
céc nha nghién ciru déu quan tam dén bai toan FK.
Mot vai phuong thirc dugc dé xuat trong cac nghién
ctu [6, 8]. Tuy nhién, nhitng phuong phap trén can
mot khoang thoi gian dai dé giai bai toan nay, né
khong phu hop trong thoi gian thuc.

Trong nghién ciru nay, chung tbi dé xuit mot mang
no-ron véi phuong thirc hoc néng dé giai bai toan FK.
Sau khi mang no-ron dwoc huin luyén, né c6 thé dua
ra dwoc vi tri va huéng cua EE dya trén chiéu dai cua
mdi day trong thoi gian thuc. Mang no-ron di dugc
ing dung rong rdi dé tim ra mo hinh ngugc cua hé
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thdng. Pay 1a mot dac diém rat dang chu y khi ap dung
vao giai quyét van dé FK cua CDPR.

Nhirng noéi dung chinh cua nghién ciru nay duoc
liét ké nhu sau:

- Xay dyng md hinh FK cta CDPR;

- Lya chon va gigi thiéu mot so dd mang no-ron
Vi hoc nong dé giai bai toan FK; dit liéu cho viéc hoc
s& duoc lay tir bai toan IK;

- Sir dung Matlab dé huan luyén cho mang no-ron
va md phong két qua cua bai toan FK.

Nghién ctru nay duoc t chirc nhu sau. Myc 2 gidi
thiéu vé mé hinh FK va IK caa CDPR. Muc 3 md ta
mang no-ron dé giai bai toan FK. Két qua md phong
dugc trinh bay trong muc 4. Muc 5 1a két luan va kién
nghi.

2. M hinh FK cia CDPR

Trong nghién ctru nay, ching téi khai thac mé hinh
cua robot song song str dung tam day cho mot EE [9].
M@ hinh ciia CDPR dugc md ta nhu trong Hinh 1.

Hinh 1. M6 hinh va cdu tric ciia CDPR v4i tam day

Trong md hinh nay, mét hé thdng truc toa d6 bao
gom hé truc toa do toan cuc OoXoYoZo gén véi khung
cua robot va mot hé truc toa do OXYZ gén véi EE. Ma
tran chuyén gitra hai hé truc toa do dwoc x4c dinh nhu
sau [9]:

copcy  sOspcy — cOsyP
R = |cpsy sOs@sy + cOcyp
—s¢  sOco

cOs@pcyp + sOsy

cOspsy — 5901/1], 1)
clco

Ttrong d6: c(-) = cos(-) va s(-) =sin(), 6, ¢, va
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yrla goc nghién cua EE quanh cac truc OX, QY, va OZ.

Bai toan dong luc hoc thuan 1a dua ra vi tri va
huéng cua EE theo chiéu dai cua day Ii. Phuong trinh
md ta FK cua robot m6 ta nhu sau [9]:

Fi(p) = [Ra” +p —b?]".[Ra’ + p—b?] -2 = 0, (2)

Trong d6: p=[x ¥ Zz]"lavitricuaEE, a’ va
b? (i = 1 + 8) tuong g 1a véc-to mo ta vi tri cua
diém A va B; trong hé truc toa d6 OXYX va OoXoYoZo,
I 12 chiéu dai cua day thir i.

Nhu vdy, trong md hinh FK dau vao cua né la
chiéu dai I; cua cac day i = 1 + 8, trong khi d6 dau ra
v6i sau thong sb trong do6 ba thong sé vi tri, X, y, va z,
va ba thong sé vé huéng cua EE, 6, ¢, va .

M6 hinh mang no-ron dugc khai thac dé giai bai
toan FK nhu dwgc md ta trong Hinh 2. Trong hinh nay,
dir lidu dé cho viéc huan luyén mang no-ron duoc dua
ra tir md hinh 1K [9].

a=[xy.z 0.0 v B R P
Chuyén v1 Daéng hov
cug L nehich
Thudr todn Mang
day hoc - No-rom

/

Hinh 2. Gidi bai todn FK

3. M6 hinh mang no-ron cho mé hinh FK

Trong phan ndy mang no-ron dugc xay dung trén
phan mém Matlab dé giai bai toan FK. Thuan toan lan
truyén nguoc duoc sir dung cho viéc hoc nong.
3.1. Thiét ké mang no-ron cho bai toan FK

Dé giai bai toan FK, mot mang no-ron dugc dé
xuét nhu trong Hinh 3. Bao gom céc I6p nhu sau: 01
I6p dau vao, 01 16p dau ra, va 03 I6p an.

Lép input (ddu vao). Lép ndy mo ta cac thdng sb
dau vao cho mang no-ron. Trong bai toan FK, 16p dau
vao chinh 1 chiéu dai cia tam day | = [I, l,..., lg]™.

Layer Layer Layer
Input b u b u Output
el el
| | 2|
8 6
20 20 6

Hinh 3. So d6 mgng no-ron
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Lép output (diu ra). Lép dau ra 1a két qua cua
bai toan FK dé dua ra chuyén vi cua EE tuong ung véi
06 dau ra, bao gébm vi tri (x, y, z) va huéng (6, ¢, ¥)
cua EE.

Lép hidden layer (an). Cau tric mang no-ron,
nhur trong Hinh 3, bao gém ba 16p an. L6p 4n dau tién
dugc cu thanh tir 20 no-ron véi ham trong s6 12 ham
‘logsig’, 16p an thir hai dugc tao thanh ciing tir 20 no-
ron ¢6 ham truyén 1a ‘purelin’, va Iép an con lai co
tuong tmg 6 no-ron véi ham truyén duoc lya chon la
ham ‘purelin’.

Viéc lya chon ciu tric mang no-ron bao gom sé
I6p 4n va ham truyén cua cac 16p duoc lya chon theo
kinh nghiém dé dap cac yéu cau cua bai toan.

3.2. Di# liéu cho vigc hudn luyén mang no ron

Khong gian lam viéc caa EE 1a co so dé tao ra tinh
tong quat cho dir liéu huan luyén cho mang no-ron.
Trong nghién cau [9], khong gian lam viéc cua EE
duoc MO ta nhu sau:

Xmin =+ Xmax = -0,5 + 0,5, m
Ymin = Ymax = -0,5+ 0,5, m
Zmin + Zmax = -0,8 + 0,8, m
Ghin + Gnax = -45° + 45°
@min + @max = -45° + 45°
lﬁmin - wmax = -45° + 45°

Sau d6, dua vao cdng thire IK dua ra chiéu dai cua

I; cia mi day (i = 1 = 8) [9]:

L= J(Ra? +p—b) (Ral + p— bD). ®)

Dt liéu phuc vu cho viéc thiét Iap md hinh dong
hoc thuan dwoc tao ra tr phuong trinh (3) voi
34.012.224 mau trong d6 sb mau cho viéc huan luyén
(day hoc) 12 27.209.779 (tuong tng 80%) va sé mau
cho viéc kiém tra va xac minh lai két qua tinh toan la
6.802.444 (twong ung 20%).

4. Két qua mé phéng
4.1. Hudn luyén cho mang no-ron

Trong muc nay, qué trinh huan luyén sir dung dir
liéu nhu di trinh bay trong Muc 3.2 dé xac dinh cac
trong sé cua céc I6p trong mang no-ron. Cong viéc
nay duoc thyc hién trong phan mém Matlab. Thuat
toan Levenger-Marquardt duoc st dung cho viéc huan
luyén. Qué trinh huan luyén dugc thé hién va md ta
nhu trong Hinh 4. S lan lap dé dat duoc két qua tdi
vu 1a 80.000 lan, sai s cho phép dit 0,00841, qua
trinh trén két thic sau 265 phut.
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4\ Neurzl Network Training (nntraintool) — x

Neural Network

Input [ [ Ot
2 aiL s
= | B s B .
b W W v
Algorithms
Training: Levenberg-Marquardt  (trainlm)

Performance: Mean Squared Error  (mse)
Calculations:  Parallel with MEX Workers

Progress

Epoch: 0 Qiterations 30000
Time: 0:04:25

Performance:  0.00841 0.00841 1.00e-25
Gradient: 6.88e-08 6.05e-08 1.00e-07
Mu: 0.000100 0.000100 1.00e+10
Plots

Plot Interval: ' 1 epochs
v Minimum gradient reached.
@ Stop Training @ Cancel

Hinh 4. Két qud hugn luyén véi Matlab

4.2. Md phéng két qud trong Simulink

Két qua cua qua trinh huin luyén mang no-ron 1
tim ra cac trong sé ciia cac no-ron trong cac l6p mang.
Sau d6, mang no-ron nay dugc md phong lai trong
Simulink nhu trong Hinh 5.

Hinh 5. M6 phéng mé hinh FK véi Simulink

Cable 1
Cable 2
Cable 3
Cable 4
Cable 5
Cable &
Cable 7
Cable 8

cable length (m)

0 10 20 30 40 50 60 70 80
Time (s)

Hinh 6. Chiéu dai cia céc day i
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Hinh 7. Vi tri va hwong cia EE

Két qua md phong trén Matlab Simulink duoc thé
hién nhu trong cac Hinh 6 va 7. Hinh 6 thé hién dau
vao cho mang no-ron vGi tdm tin hiéu vao. M6 hinh
tinh toan FK ciia mang nay dwa ra chuyén vi va huéng
cua EE twong tng nhu trong Hinh 7 véi d6 16n sai s6
kh& nho khong vuot qua 0,0005 (nhu trong Hinh 8).
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Hinh 8. Sai sé tinh toan
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5. Két luan va kién nghi

Bai bao nay dé xuit mot mang no-ron dé giai bai
toan FK cho mot CDPR véi sau bac tu do.

FK duoc dua ra dé xac dinh vi tri va huéng cua EE
tir mot tap dix liéu cac chiéu dai cua cac day (trong
thyc té chiéu dai day nay cé thé dugc xac dinh tir cac
encoder gan trén cac mé to lai day).

Két qua huan luyén mang no-ron cho bai toan FK
dugc thuc hién trén Matlab sau d6 mang no-ron nay
duoc xay dung trén Simulink trong md phong.
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