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Tom tat:

Véi su phat trién cla khoa hoc va cdng nghé, nén cdng nghiép thé gidi dang budc sang cudc cach
mang lan thir 4, khi ma con ngudi dugc thay thé bdng cac rébot co két ndi van vat (I0T) véi thiét bi
san xuét thdng qua hé thdng truyén thong khdng day dé trd thanh mét nha mdy san xudt thong
minh. Nhu vy, dé rébdt két ndi dudc vdi céc thiét bi khac va tac hgp nhip nhang theo mét quy trinh
cdng nghé thi can phai cd6 mdt md hinh toan hoc dé diéu khién déng bd cac thong s clia robdt va
thiét bi. V&i muc dich nhu trén, trong bai bao nay cac tac gia trinh bay phuong phap udc lugng cac
thong s& dong hoc trong mé hinh todn cho mdt hé du dan ddng 8 bac tu’ do, bao gom mot modun
quay 2 bac tu do két ndi ngoai v6i mot robot han 6 bac tu’ do, nhdm néng cao kha ndng céng nghé
cla robot. Trén cd s6 dé nhom tac gia tién hanh 18p trinh viét mddun phan mém md phong dé kiém
nghiém tinh ding dan clia md hinh toan hoc da dugc thiét 1ap cho hé tich hop bang ngbn ngir C++
khi hé thong tich hgp modun quay - robot thuc hién qua trinh han theo quy dao dudng han phirc tap
dugc md hinh hda béng dudng cong hitu ty NURBS.

T khoéa:
Tay may robot, médun quay 2 bac tu do, dudng cong NURBS, quy dao dudng han.

Abstract:

With the rapid development of the scientific and technology, the world industry is being transformed
by a fourth industrial revolution, when human may be replaced by robotics in conjunction with the
Internet of Things (IoT) connected to the production equipment via wireless communication systems
to become a smart factory. Therefore, in order to robots connect to the other devices and operate
smoothly according to the technological process, it is necessary to have a mathematical model to
synchronize the parameters of robots and equipment. For the above purpose, we present a method
to estimate the kinematic parameters in the mathematical model for an eight degrees of freedom (8
DOF) redundant manipulator including a 2 DOF rotational module connect to a 6 DOF welding robot,
in order to enhance the robot's technological capabilities. On that basis, we programmed a
simulation software module using C++ language to evaluate the accuracy of the obtained model that
was set up for the integrated system while this system performed the welding process according to
the complicated trajectory which was modeled by the Non-uniform rational B-spline (NURBS).
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1. DAT VAN PE

Nghién cuu va ung dung robot trong tu
dong hoa qua trinh han ngay cang dugc
phat trién, nhat 13 trong nganh cong
nghi¢p 0 t6 va dong tau. Trong vai thap
ky qua, di c6 rat nhiéu nghién ctru nham
nd lyc tu dong hoéa qua trinh han. Pic biét
trong nganh cong nghi¢p dong tau voi
chiéu dai tong duong han co thé 1én t6i
hang nghin kilomet cho ca han phan doan
va tong doan khi dong vo ctia mot tau cho
hang. Trong d6 phai dé dén cac hudng
nghién ctu: (i) Thiét ké t6i wu két cau
r6bot phuc vu cho nganh han, trong
hudng nghién clru nay cé Lee va cOng su
[1-4] da dua ra y tuong dat mot tay may
robot han 6 bac tu do 1én mot robot tu
hanh dé nang cao kha ning cong nghé cua
robot han trong qua trinh dong tau, chinh
vi viy ma céc tac gia da cd ging tim cach
t6i wu khoi luong robot va két qua la da
dua ra 1 thiét ké méi giam 13% khoi
lugng so voi cac robot thong thuong. Du
[5] thi tim cach tong hop, thiét ké cac tay
may robot han 5 bac tu do phuc vu
chuyén han cac 6ng ndi chir kiéu T;
(ii) Thiét ké quy dao duong han, theo
huéng nghién ctru nay c6 Yan va céc
dong nghiép [6] da thiét lap quy dao
duong han khi han éng chit Y giao véi
hinh cau theo huéng diéu khién van tdc
6n dinh doc theo quy dao duong han la
giao cua cac mat cong hay Chen [7] da
dua ra giai phap ndi suy B- Spline dé noi
suy duong han cho cac két cdu han co

kich thudc 16n va bién dang phirc tap cho
mot tay may robot han chudi dong hoc hé
hay Zhu [8] da sir dung cong nghé xu ly
anh va thudt toan ndi suy dé nhan dang
duong han nhim nang cao kha ning han
hdé quang chinh xac; (iii) Két ndi robot
han véi cac thiét bi khac nhim nang cao
kha nang cong nghé ctua robot han, theo
hudng nghién ciru nay cd6 nhom nghién
ctru ciia Song [9] ho di tim cach diéu
khién thong sb cong nghé cia 3 robot
Scara 4 bac tu do déng thoi dé han dim
chit I trén nén tang bo diéu khién CNC dé
nang cao hiéu sudt qua trinh han, hay
Shen [10] d& tmg dung bo diéu khién mo
va xir 1y anh dé két ndi mot robot han 6
bac tu do voi médun ban quay 2 bac tu do
trong han cic bé boi hinh ciu ¢ 16n,
cling trong hudng nghién ctru nay nhung
mg dung trong nganh san xuét vat liéu
tong hop Martineca [11] di dua ra thuat
toan két nbi mot robot 6 bac tu do véi
mddun quay 1 bac ty do trong qua trinh
san xudt vat liéu tong hop c6 hinh dang
phtc tap.

2. THIET LAP PHUONG TRINH DONG
HQC MOBUN QUAY 2 BAC T DO KET
NOI NGOAI VO1 ROBOT HAN 6 BAC
TU DO

2.1. Mb ta hé théng tich hop

Néu goi: 9, {x,»,2,} 1a hé quy chiéu c¢b dinh

gan trén tay may robot Almega AX 6 bac
tu do; & {x,v,z,} la h¢ quy chiéu gan tai

gbc moédun quay 2 bac tu do; /¢ 1a quy
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dao duong han, thong thuong (¢} duoc
xac dinh trong h¢ quy chiéu 9, . Nhu vay,
dé phdi hop cac chuyén dong twong d6i
clia tay may robot va do ga dé thuc hién
han tai mot diém K; € {£. Tai K; ta co:
re =[xc v zJvecto xac dinh vi tri
diém K va n, = [nxK g zzK]YVGCtO' Xac

dinh huéng han.

Hinh 1. Tich hop médun quay 2 bac tw do véi
robot 6 bac tw do trong han quy dao phirc tap

Nhu vay, hé tay mdy robot-modun quay
c6 8 bac tu do nhu mo ta trén hinh 1. Bay
13 mot hé du dan dong va c6 vo sb nghiém
twong (mg v6i mot diém han xac dinh. Dé
thiét 1ap mo hinh toan hoc diéu khién hé
théng, néu goi {92} mién khong gian hoat
dong cua robot, {@ 1a mién khong gian
hoat dong ctia médun quay. Khi d6, mién
khong gian hoat dong cua hé théng {3
duoc cho boi:

{3} ={@ {9} (M

Vi€c xac dinh {3} thong qua vecto 7, , .

(ISSN: 1859 - 4557)
Nhu vy, voi gia thiét (&} e {3} va
9,1x,v,z,} 1a h¢ quy chiéu dong gan tai cac
diém K; /¢ khi d6 ta ¢6 r,, n, trong
hé quy chiéu 9, {x,y,z,} va 8,4x,y,2,} duge

cho bai:

OrKi:OrKi

OnKiZOthnKi

qui:()rKi_Oqu (2)

qui:thhnKi
Trong d6: °R,,’R,lan luot 1 ma trén
cosin chi huéng cua 9 {x,y,z,} so voi
G X020} 5 lgq {quqzq} .
Néu goi 7,7,kla vecto don vi cua cic
truc toa do cua 9, {x,y,z,} thi:

= G)

Tir hinh 1, ta ciing nhan thay khi vecto n,
tiém can v&i n, =[0 1 o] thi khong thé
xac dinh dugc nghiém @,,6, cia moédun
quay theo K; € {{} . Do d6, s¢ dugc xac
dinh trong hé quy chidu cua robot, day
chinh 1a diéu kién bién dé giai hé phirc
tap nay.

2.2. Thiét 1ap phwong trinh déng hoc
tay may rébot

Pé thiét 1ap phuong trinh dong hoc cia
tay may robot 6 bac tu do Almega AX,
dat hé quy chiéu theo phuong phap D-H
[12] dugc mo ta trén hinh 3. Tt hinh 3 ta
c6 bang thong s6 D-H dugc cho trong
bang 1.
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Bang 1. B6 thong sé D-H cta ré6bot Alimega AX

Khau Théng s6 dong hoc Bién khép
a, a, d, 0i [0]
[rad] [mm] | [mm]
1 -1t/2 a, d, 0,
2 0 a 0 92
3 -t/2 as 0 o,
4 /2 0 d, 0,
5 ) 0 0 0s
6 0 0 d, 05

Hinh 2. Thiét Iap hé quy chiéu xac dinh
phwong trinh dong hoc ctia robét Alimega AX

Nhu vay, ma trn bién dbi toa do va
huéng tr mé han & {x,v,z,} vé hé qui

cosf 0 =—sinf, 0 cosf, —sinf; 0 0

M, = sind, 0 cosd; O ;SM(;: sing, cosf, 0 O
0 -1 0 0 0 0 1 d,

0 0 0 1 0 0 0 1

Nhu viy, v6i mot diém K; € {¢} thude
{3} va vecto i, & trén phoi, ta co thé
dua vé hé quy chiéu gbc phdi 9, {x,v,z,} :

{Onm:OMonm (5)

OrKi:()MbrKi
Can bang cac phan tir 'n,,,°r, 6 phuong
trinh (5) v6i phuong trinh (2) ta xac dinh
dugc phuong trinh dong hoc cua tay may
robot Almega AX, sau khi gidi tim duoc
nghi¢m 6, + 6, cua rébot Almega AX theo

Ki (S {é’}

2.3. Thiét l1ap phwong trinh déng hoc
modun quay 2 bac ty do

Tuong tu
nhu trén xét
voi  modun
quay hai bac
tu do, dat hé
quy chiéu
theo phuong
phép D - H
duoc mo ta
trén hinh 3.
Tt hinh 3 ta

o co bang >
chi€u goc 4, {x,y,z,} duge cho boi: thong s6 D - Hinh 3. Thiét lap hé quy chiéu
trén moé dun quay 2 bac tw do
0M6=0M11M22M33M44M55M6 (4) H dlI(_)'fZ cho
trong bang 2.
Trong do:
. _ Bang 2. B6 thong s6 D-H cua médun quay
cosy 0 —sinf a,cosf |, cosd, —sing, 0 a,cosb, 2 bac tw do
oM = sing 0 cos§) asing |’ _ sind, cosd, 0 a,sinb, * N
o -1 0 d 7o 0 1 0 Théng sé dong hoc Bién khop
0 0 0 1 0 0 0 1 Khau 0
a,[rad] | @ [mm] | d;[mm]| &[]
cosf; 0 —sinf; a,cosb, |, cosf, 0 sing, O
_|sing; 0 cosd; aysinb; 7y _|sing, 0 —cosd, 0 1 -1t/2 0 - d7 67
1o -1 0 0 o 1 0 4
0 0 0 1 0 0 0 1 2 0 0 dy Os
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Nhu vay, ma tran bién déi toa do
rKi:[xKi Vi ZKi]T va hu t nKi:[nxKi Nk nzKi]l
Vi (nm)z+(nyK,.)2+(nzKl.)2 =1) tx ban kep
vé hé quy chiu goc &, ix,y,z,} modun

quay dugc cho boi:

.

"M ="M, M (6)
Trong do:

cosd, 0 —sind, O cosf, —sing, 0 0

o, M, = sing, 0 cosd, O |5 ™, - sing, cos¢, 0 0

o -1 0 -4 0 0 1 dy

0 0 0 1 0 0 0 1

Tuong tu nhu trén, vecto r,, € {{}, n, €
9,4x,v,z,} O trén phoi, ta c6 thé dua vé hé

quy chiéu gdc phoi 9Ax,v,2,}:

{qui:qMSHKi (7)

1, ="Mgry,
Can bang cac phan t ‘n,,,’r,, & phuong
trinh (7) v6i phuong trinh (2) ta xac dinh
dugc phuong trinh dong hoc cua mdédun
quay, sau khi gidi tim dugc nghiém 6, , 6,
cua médun quay theo K; € {Z}.

Nhan xét: hé phuong trinh (5) va (7) xéc
dinh hé phuong trinh dong hoc cua hé tich
hogp modun quay 2 bac tu do - robot 6 bac
tu do. Dé giai hé phuong trinh nay trong
bai bdo st dung phuong phép s6 hoi quy.

3. MO PHONG VA PHAN TiCH QUA
TRINH HAN THEO PUONG CONG
PHUC TAP CUA HE THONG

Pé xac dinh thong s6 quy dao duong han
trong trudng hop tong quat, ching toi st
dung thuat toan ndi suy hiru ty NURBS dé
ndi suy quy dao qua mot sé diém hiru han
(duwoc thu thdp bang phwong phdo day
hoc cho rébét). Dé tao ra duong han ta
can phai ndi suy dé xac dinh dugc bod

(ISSN: 1859 — 4557)

thong sd °n,,,r, tai ting diém K; € {¢}.
Duéi déy, 1a hai truong hop cu thé duogc
trinh bay trong muc 3.1 va 3.2.

3.1. Co s& ly thuyét ndi suy dwong
cong hiru ty NURBS

Theo tai liéu [13] duong cong hitu ty la
duong cong B-Spline xic dinh trong
khong gian 4 chiéu (4D) vé khong gian 3
chiéu (3D) va dugc cho boi:

n+l1

P(t) = zBi Ri,/c (t) (8)

Véi B, la cac dinh ctia da giac diém noi
suy trong khong gian 3D, con R, (1) la
ham co s¢ cua dudong cong B-Spline hitu
ty va dugc cho béi:

h.N.
R (=N ©)

Z hiNi‘k (t)

i=1
Véi: h>0 v6i moi gid tri cua i; N, (¢)
duogc cho bdi cong thue dé quy:

1 X, <t<x,
]vi,l(t) = 0
(10)
YO . PRI PV
KXivk1 —% Xk ~Xin

x;1a cac gia tri cua vecto nut va théa man
dieu kién x, <x,,, .
Ti€p tuyén cia duong cong dugc cho boi:
n+l
. N (DY WN, (¢
RN PP L )Z N (0)
P(t)=) B, A i=

~ n+l il 2
- Zl:hiNi,k ® {ZhiNM, (t)]
= i=1

(11)

3.2. N6i suy quy dao dwéng han bang
dwong cong hiru ty NURBS

Ap dung co s& 1y thuyét trong muc 3.1 va
viét modun phan mém noi suy trén Matlab
cho hai truong hop duoi day:
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e Truong hop 1: ndi suy quy dao han
khi han cut chit T.

Vi gia thi€t duong han 1a duong giao cua
hai 6ng néi v6i nhau theo ki€u chit T
(hinh 4a) va c6 quy dao dugc mo ta & hinh
4b. Gia thiét 1dy mau 9 diém tix P, dén P,
(dugc 14y mau bang phuong phéap day hoc
cua robot) mo ta trén hinh 4c, c6 toa do
dugc xac dinh trong bang 3.

Bang 4. Div liéu diém quy dao han bao gém
toa do va hwéng ciia moé han khi han cat chiv T

t XK YK Zx. Ny Ngy ng,

0 0 150 325 0.05 | 0.892 | 0.445
0.01 | -0.599 | 150.016 | 325.029 | 0.041 | 0.893 | 0.445
0.02 | -1.198 | 150.029 | 325.053 | 0.032 | 0.894 | 0.446
0.03 | -1.796 | 150.038 | 325.072 | 0.023 | 0.894 | 0.447
0.04 | -2.394 | 150.044 | 325.085 | 0.015 | 0.894 | 0.447
7.96 | 2.393 | 149.911 | 324.843 | 0.074 | 0.892 | 0.442
7.97| 1.796 | 149.937 | 324.888 | 0.068 | 0.892 | 0.443
7.98| 1.198 | 149.960 | 324.929 | 0.062 | 0.893 | 0.443
7.99 | 0.599 | 149.981 | 324.966 | 0.056 | 0.893 | 0.444
8.00 0 150 325 0.05 | 0.893 | 0.445

Hinh 4. N6i suy quy dao dwong han
va hwéng han khi han 6ng néi chir T

Bang 3. Toa dd cac diém lay mau
khi han cat chir T

P, P, P, P,
0 [—41.865|| [-69.140]| [-73.542
150 144.039 || | 133.115 130.735
325 | 312.228 || | 279.063 || | 235.285
Ps P P; Pg
[—53.144| [-15.015]| [ 28.863 | | [ 64.148
140.270 || | 149.247 || |147.197 135.592
1197.097 || | 176.518 || [180.776] | | 211.140
Py Pio Py P,
[ 74999 ] | [ 62.320 ] | [ 38.403 | 0
129.904 136.441 | | |144.574 150
249.815] | |291.727 | |314.221 325

Véi gia s6 Ar =0.01 dudng cong dugc ndi
suy thanh 800 diém véi sai s6 0.001.

e Truong hop 2: ndi suy quy dao han cac
doan ong xodn trong khoan coc nhoéi cua
nganh xay dung.

c

L

2P
o Pg. 2 Pio

o d)

Hinh 5. N6i suy quy dao dwong han
va hwéng han khi han 6ng néi chir T

Trong truong hgp nay ndi suy mdt modun
(tron 1 buoc vit) (hinh 5a), quy dao dugc
mo ta trén hinh 5c va sé diém 1y méu 1a
11 (hinh 5b), quy dao noi suy dugc mo ta
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trén hinh 5d (Iuoc bo bot dé thé hién trén
hinh v&), bang 5 1a toa d cac diém lay
mau con bang 6 1a dir 1iéu diém ndi suy.

Bang 5. Toa do cac diém lay mau
khi han dwong xoan oc¢

P, P, P, P,

[37.816 ||[ 49.983 ] |[ 40.918] | [ 15.749

—32.710 | || —=1.294 | | | 28.736 47.455

| 100 1121.876 | | 142.189] | |162.498
Ps P P; Pg

[-13.270] | [-40.840] [ -49.869 | [ -39.459

48.207 28.845 || —3.610 ||| —30.708

| 181.249 | | [ 203.126 || 224.999 || | 243.749
P9 l:’10 P11

—-15.749'| | [ 13.444 |[ 37.816 |

—47.455| || -47.825 ]| -32.710

262.499 | || 281.436 || 300 |

Bang 6. Di¥ liéu diém quy dao han
bao gom toa dé va hwéng cia mé han
khi han dwong xoan oc

t XK Yk Zx Ngx Ngy ng,

0 | 37.816 |-32.710 100 |0.7563 | -0.654 | 0
0.01 | 38.075 | -32.408 | 100.253 | 0.762 | -0.648 | 0
0.02 | 38.331 |-32.105 | 100.505 | 0.767 | -0.642 | 0
0.03 | 38.585 | -31.799 | 100.757 | 0.772 | -0.636 | 0
0.04 | 38.836 |-31.492 | 101.010 | 0.777 | -0.629 | 0
6.96 | 35.798 | -34.904 | 298.097 | 0.715 | -0.699 | ©
6.97 | 36.311 | -34.371 | 298.571 | 0.726 | -0.688 | 0
6.98 | 36.819 | -33.828 | 299.046 | 0.736 | -0.677 | O
6.99 | 37.320 | -33.274 |299.522 | 0.746 | -0.666 | 0
7.00 | 37.816 | -32.710 300 0.756 | -0.654 | 0

3.3. Viét phan mém mé phéng

Tur mo hinh toan hoc da dugc xay dung &
muc 2 cua bai bdo nay. Nhom tac gia da
tién hanh viét phin mém mo phong bang

(ISSN: 1859 — 4557)

OpenGL trén giao di¢n MFC cua Visual
Studio 9 c6 giao dién nhu hinh 6 dudi
day. Phan mém c6 cac chic ning: modun
® cai dat diém chuan “0” cua d6 ga quay;
modun @ cai dat diém gde “0” cua robot;
modun @ cai dat diém khong cua chuong
trinh “0”; Moédun @ load co so¢ dir liéu
duong han (r,,, n,) da dugc ndi suy tu
Matlab. Ngoai ra, con co chirc ning hién
thi cac hé quy chiéu dé kiém tra (hinh 7)
va cac gia tri bién khép dé kiém tra qua
trinh hoat dong (hinh 8) va hién thi két
qua gié tri bién khép diéu khién (6, =6, ).

MO PHONG QUA TRINH HAN THEQ DUONG CONG PHUC TAP =B ®
File Edit View Hel

DIEUKHIEN
p— =
LAY sTp FESET e i
‘ n '

Ready NUM

Hinh 6. Giao dién phan mém va cai dat
cac tham sé ban dau cta hé théng

MO PHONG QUA TRINH HAN THEQ DUONG CONG PHUC TAP o |G )
File Edit View Help
D&l ?
—_— T N
DIEU KHEEN
PLAY ST0P RESET
1
HEN THI 'k
He quichieu Robat ]
[ Khaud il [ fhaudl
[ Khaul ¥ Khaud
[ Khauz [ Khau§
"""""""""""""""" d0
Hekh\ean »
Moo [ ka? [ Khaut
] “F [ ’
Ready NUM

Hinh 7. Hién thi hé quy chiéu cta hé théng dé
ddng bo héa diém géc ctia médun
tich hop véi diém gbc clia robot
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" B MO PHONG QUA TRINH HAN THEO DUCNG CONG 0O THI CAC BIEN KHOP
e —
Dol =82 v

DL KHIEN

J_I_J

afrad)

ez s o
e —— S )
e I g = = = o

Foom [ R? K
! TR T Thtotiegl [180
= | Meiaa [55758 ez Thetsg) [FE

POtk || o [REE D) TR Theanea [0 Thesalideg] [0 41027E
Hinh 8. Hién thi thong s6 bién khép s % .
trong qua trinh han theo dwéng cong phirc tap
3.3. Phan tich va danh gia két qua mé S
phéng 9) h)
L. ot~ qem a1 . X Hinh 10. Sw bién dbi thong s6 dleu khlen cac
Vi co s¢ dir li€u ¢ bang 4 khi han ong khép cha hé tich hop khi han 6ng ndi chivr T

ndi chit T va goc lic cua dau han o =5
hinh 9 1a giao dién mo6 phong con hinh 10
1a d6 thi bién khép.

Hinh 11. M6 phéng hé tich hop modun quay-

Hinh 9. M6 phéng hé tich hgp médun quay - rébdt trong han tryc xoan é¢

rébot khi han 6ng néi chiv T .

&[rad]

B 1 1§ 2 8 3 315 ¢

b)

Gi[rad]

c) d) c) d)
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Hinh 12. Sy bién déi cac khép
ctia hé tich hogp han truc xoan 6¢
Tir hinh 10 cho thy khi quy dao dudng
han {¢} € {3} va nam trong mién {@
cua robot thi moédun quay 2 bac ty do
dung nguyén & vi tri cai dat ban dau va
ludn bang hang s6 (hinh 10g, hinh 10h).
Con khi han theo dudng xoén dc (hinh 11,
hinh 12) thi khép 4, khép 5 gilt nguyén &
vi tri cai dat ban dau (hinh 12d, hinh 12f).

Khi do6 robot chi hoat dong véi vai tro nhu
mot robot 4 bac tu do dé tac hop voi
modun quay 2 bac tu do dé co thé han
duoc theo quy dao phuc tap nay.

(ISSN: 1859 — 4557)
4. KET LUAN

Tir nghién ctru nay cho thdy mac du véi
robot 6 bac tu do, nhung trong mat )
truong hop thuc hién duong han phuc tap
(duong xodn oc hinh 11, hinh 12 14 minh
chung), robot khong thé thuc hién duoc.
Vi vay, trong thuc té phai dung cac
modun 2 bic tu do dé nang cao kha ning
cong nghé cua robot. Véi két qua nghlen
ctru ndy (md hinh toan, phin mém mé
phong) c6 thé ung dung trong thuc tién
giai mi cong nghé cac robot han két hop
modun quay trong nganh han ma cho dén
nay Viét Nam van phéi nhap khau déng
bo cing véi phin mém. Mbédun phan
mém ndi suy ciia dé tai con co thé viét
thanh modun tich hop trong nhiéu tng
dung khac nhau nhu han tong doan va
phan doan trong nganh dong tau véi hang
nghin kildémet dudng han. Ngoai ra, két
qua nghién ctru nay con 1a tién dé dé tiép
tuc nghién ctru bg phat trién bo diéu khién
van toc, gia toc cling nhu nghién ctru phat
trién bo ting tbc, giam tdc trong bd diéu
khién cbt 16i NCK (Nummerical Control
Kernel) ctia robot nhiéu bac tu do.
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2017 tai Trudng Dai hoc Bach khoa Ha NGi. Tac gia hién la giang vién Khoa
Diéu khién va Ty ddng hda, Trudng Pai hoc Dién luc.
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Tac gia Lé Qudc Diing t6t nghiép dai hoc chuyén nganh tu dong hda nam
2007, nhan bang Thac si chuyén nganh ty dong héa ndm 2009 tai Trudng

- Pai hoc Bach khoa Ha Noi. Tac gia hién l1a giang vién Khoa Diéu khién va Tu
dong hoa, Trudng Dai hoc Dién luc.

- Linh vuc nghién cffu: mé hinh héa md phdng, diéu khién thdng minh, dién tr
‘ cbng suat, truyén dong dién.
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