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Research ondesigning dynamic model of TITAN-VIII
guadruped robot based on the robot structure

Nguyén Vin Tién", P6 Khic Tiép

Truong Pai hoc Hang Hai Viét Nam
“Téc gia lién hé: nguyenvantien@vimaru.edu.vn

Ngay nhdn bai: 25/7/2024 ; Ngay chdp nhdn ding: 12/9/2024

Tom tit:

Robot bén chan ¢6 nhiéu wu diém hon robot dang banh xe & boi ¢6 kha ning co dong cao, di chuyén trén
moi dia hinh. Tuy nhién, bai toan diéu khién robot bn chan s& khé thuc hién do mé hinh dong hoc cua
robot ¢d bac cao va qua trinh dong luc hoc dién ra phuc tap, chinh vi vay, can thuc hién cac phwong phap
giam bac khi thyc hién xay dyng phwong trinh dong hoc cho robot bén chan. Bai bao dé xuat mot phuong
phép don gian héa dé xac dinh phuong trinh dong hoc cho robot bbn chan tén 1a TITAN-VIII. Quy tic
Denavit-Hartenberg (D-H) duogc str dung dé phan tich dong hoc thuan. Cac phwong trinh dong hoc nguoc
dugc xac dinh trén ¢ s¢ toan hoc va cau tric chan robot. Két qua nghién ciru dwoc md phong trén phan
mém MATLAB Simulink.

T khéa: Bong hoc thuan robot; Bong hoc nguoc robot; Denavit-Hartenberg; MATLAB Simulink; Robot
bén chan.

Abstract:

Quadruped robots have many advantages over wheeled robots in that they have high mobility and can move
on any terrain. However, the control problem of four-legged robots will be more complicated because the
robot's kinematic model has a high order and the dynamic process is complicated, so it is necessary to
implement order reduction methods when constructing kinematic equations for four-legged robots. The
article proposes a simplified method to determine the kinematic equations for four-legged robots called
TITAN-VIII. The Denavit-Hartenberg (D-H) rule is used to analyze the forward kinematics. The inverse
kinematic equations are determined on the basis of mathematics and the structure of the robot's legs. The
research results are simulated on MATLAB Simulink software.

Keywords: Forward kinematic; Inverse kinematic; Denavit-Hartenberg, MATLAB Simulink; Quadruped
robot.

1. Giéi thiéu thdng qua viéc giai bai toan dong hoc dé tim ra gac
quay twong ung cua ting khop. Xét vé mat cau
tric, robot bén chan c6 mudi hai bac ty do va dong
hoc dang phi tuyén [1], do vay, van d& diéu khién
phurc tap hon so véi robot dang banh xe. Ngoai ra,

Robot ty hanh bon chan duoc wng dung nhiéu
trong cac cong viéc doi hoi tinh co dong cao, di
chuyén trén moi dia hinh nhu van chuyén hang
hoa, ciru nan, tham do. Khi thiét ké diéu khién cho ’ FRbatahe ) o9
robot bén chén cin quan tim dén hai vin dé do 1 1ON9 @M rot,)ot t.,)or? chan ,1u01\1 thay doi khi robot
diéu khién vi tri caa robot va giit 6n dinh trong tam dA' chgyf:n, €0 thé‘t‘)l do ‘r}éu tnnh ch;éu Eﬁa\ _tror?g
dé robot khong bi dé Khi di chuyén. Viee didy 1M biléchrangoai da gide d& [2], dan ti bai toan
can phai gitr 6n dinh trong tam. Trong khuon kho

khién robot dén mét vi tri mong mudn thyc hién kit S S
muc dich cua bai bdo, nhdm tac gia dé cap den
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viéc nghién cau giai quyét van dé xac dinh gia tri
goc khop khi biét trudc vi tri robot can dat toi
(dong hoc vi tri). Phuong phap giit on dinh trong
tam dugc dé cap dén trong nghién ctu khac cua
nhém nghién ctu [3]. M6t s nghién ciru da dé cap
dén bai toan dong hoc vi tri robot bén chan lai giita
kiéu bd va banh xe [4], [5], d6i twong trong bai béo
la TITAN-VIII ¢6 nhiéu diém khac biét vé cau
tric chan. Mot sb cong trinh khac tap trung vao
phuong phép gitt 6n dinh trong tdm robot [4], [6]
thay Vi xdy dung diy di cac phuong trinh dong
hoc cho robot.

TITAN-VIII, dugc san xuét tai Pai hoc
Tokyo, véi kich thuéc 400 mm x 200 mm, téc
d6 toi da 0.9m/s, tai trong 5 - 7 kg. Hinh anh cua
TITAN-VIII dugc m6 ta nhu trén Hinh 1.

Hinh 1. Hinh anh thuc té robot TITAN-VIII.

Céu trac diéu khién vi tri caa mdi khép duoc thé
hién nhu Hinh 2.
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Hinh 2. Cau tr(ic mach vong diéu khién vi tri
cho mdi khép cua robot.

MJi chéan robot ¢ ciu tao gdm ba khép quay duoc
lai boi ba dong co mot chiéu M1, M2 va M3,
pham vi hoat dong caa moéi khép nhu Hinh 3. Moi
dong co dugce dit trong mot mach vong diéu khién
doc lap cung vai bo didu khién vi tri PID, bo bam
xung PWM (Pulse-width Modulation) va khau
cam bién vi tri (CB) cho phép dap ting nhanh véi
gia tri dat. Thuat toan diéu khién duoc cai dat
trong bo diéu khién (BPK). Bo bién doi A/D
(Analog to Digital) va D/A (Digital to Analog) tao

ra kénh giao tiép tin hiéu gitra BDK (tin hiéu sd)
va bo diéu khién vi tri PID (tin hiéu trong tu).

Hinh 3. Vi tri va pham vi hoat dong
clia cac dong co truyén dong TITAN-VIII.

2. bong hoc cia robot TITAN-VIII

Pong hoc khao sat cac méi quan hé hinh hoc va
thoi gian caa chuyén dong, khong xét dén nguyén
nhan gay ra chuyén dong. Trong khao sat dong
hoc, cac tham s6 vé luc va moment c6 thé cé hoic
khong va cac bién quan tam trong dong hoc 1 vi
tri, toc do, gia toc va thoi gian. Muc dich cua bai
toan dong hoc thuan 1a xac dinh vi tri cia khau tac
dong cudi cua ban chan robot khi biét cac bién
khop cua cac chan.

Pé thuan tién cho viéc xay dung duoc md hinh,
robot can thiét lap cac hé truc toa do theo quy tac
Denavit-Hartenberg (D-H) [6]. M6 hinh tuong
dwong cua robot TITAN-VIII va hé toa d6 gin véi
robot dugc cho trong Hinh 4 (v6ii=1,2,3,41a
thir ty chéan).
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Hinh 4. Vi tri cac khung toa d6 cua robot.

Trong tdm robot trong khong gian dugc xac dinh
bing ba phép quay khung toa d6 goc Rot(X, w),
Rot(y,#), Rot(z,w) va phép dich khung toa
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d6 Tran(x,,,Y,,Z,) - Ma tran chuyén vi cia
trong tam so vai khung toa do géc 1a °Tc cho bai:

T, = Rot(x, @).Rot(y, p).Rot(z,y") Tran(x , Y, Zy) (@)

Khung toa do chinh cia mdi chan duoc xac dinh
bang cic ma tran sau:

-1 0 0 -m
. 0 -1 0 n
To =T, 0 0 1 0 @
0 0 0 1
[1 0 0 m]
0 1 0 n
T =T. (3)
0 0 1 0
0 0 0 1]
1 0 0 -m]
) 0 -1 0 -n
To =T 0 0 1 0 “)
0 0 0 1|
(10 0 m]
0 1 0 -n
T =T. 5)
0 0 1 0
0 0 0 1]

Pé robot khdng bi do, can phai kiém soét tu thé
cua robot théng qua viéc diéu khién tu thé chan.
Mt khac, tu thé chan robot dwoc quyét dinh boi
vi tri cua hai diém Ia Bi (diém ndi giira chan va
than robot) va Ai (ban chan robot). Do véy, can xay
dung phuong trinh xac dinh cac goc khép 6; théng
qua toa do Bi va A dé don gian hoa cho van dé
diéu khién. Toa d6 B trong hé toa d6 gdc duoc Xac
dinh boi phuong trinh:

B="T.T.[x vy z 1] (6)

Chan robot bao gom ba khép xoay dugc thiét 1ap
hé toa d6 twong ty nhu mét canh tay tobot phang
ba bac tu do (Three- links planar arm), truc z trung
Vai truc xoay cua cac khap, truc x dat theo phuong
ngang Va truc y dit theo phuong thang ding nhu
trong Hinh 5.

Hinh 5. Khung toa d¢ cua chan robot.

Ddi véi TITAN-VIII, céc chan cua robot khéc
nhau vé hudng nhung c6 cling cau tric, vi vay, chi
can phén tich dong hoc ciia mét chan robot. Trén
Hinh 5 cho thiy cach gan hé truc toa do cho timng
khép ciia mot chan robot. Bang thong sé6 D-H
dugc trinh bay trong Bang 1.

Bang 1. Bang thong s6 D-H cua TITAN-VIII.

KTb O di a ai
o7 0, 0 L, 0
T, /2 0 0 /2
T, 02 0 Lo 0
o7, 0; 0 Ls 0

Ma tran chuyén vi cho timg khop duoc cho trong
(7), (8), (9), (10). Trong d6, ki higu c() thay thé
cho cos(6) va s(6) thay thé cho sin(6) .

c@) -s(@) 0 Lc@o)
0 s(@) c@) 0 Ls(o)
| o o 1 o ()
0 0 0 1
0 0 1 0
T 1 0 0 O 3
i2 0 0 1 0 ( )
0 0 0 1
cd,) -s(6,) 0 Lc(,)
s s(9,) c(6,) 0 Ls(6,)
T = ©)
0 0 1 0
0 0 0 1
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c@,) -s@,) 0 Lc(g,)
" s(@,) c@,) 0 Ls(,)
T = (10)
0 0 1
0 0 0 1

Giai phuong trinh (11) khi dd biét trudc vi tri
mong mudn cta ban chan robot, thu duoc gac
khép caa céc chan robot. Ma tran biéu dién phép
bién ddi toa d6 gbc mdi chan thanh toa do tai ban
chan robot théng qua phép nhan cac ma tran
chuyén vi:

f11 f12 f13 f14
i0 io. i1, i2 3 f21 fzz 23 2
IT4:I-|—|1'I-|—|2'I-I—|3'I-|—|4: (11)
0 0 1

Trong do:

f,, =sin(g,)sin(6,)sin(8;) —sin(é,) cos(,) cos(&;)

f,, =sin(g,) cos(6,)sin(6;) +sin(b,) sin(6,) cos(6;)

fis =cos(é))

fi, = Ly cos(6)) — L, sin(6;) cos(6,) + Ly sin(é;)sin(6,)

f,, =cos(é,) cos(é,) cos(é,) —cos(4,)sin(b,)sin(b,)

f,, =cos(6;)cos(6,)sin(6;) —cos(é,)sin(6,) cos(&;)

fo3 =sin(6)

f,, = Ly sin(6)) + L, cos(6,) cos(6,) + L, cos(4,)

Trong diéu khién robot, can xac dinh bién khaop
khi biét duoc vi tri, huéng robot muén dat dén.
Cong thuc (11) cho biét vi tri ciia ban chan robot
(trong hé toa do gbc cua ting chan) khi biét cac
goc khépa, ,6,,,6, (1=1,2, 3, 4). Trong bai toan
nguoc lai, khi biét dwoc vi tri ban chan robot thi
can xéc dinh gid tri cac goc khop. Tac 13, can giai
hé phuong trinh (12).

f;l f;Z f;3 14 xiO xi4

]CZ] JCZZ -]023 JCZ4 . yiO — yi4 (12)
O O 1 O ZiO Zi4

0 0 O 1) 1] [1]

Trong d6, (x,,y.,,z,) 1 toa d mong muén cia
ban chén robot (desired foothold coordinate).

0, =—atan((x,, —x,)/ (v, = ¥i))

6, =acos((BrJErz +Ez)+asin(E,/./Ef +Ff)

0, =acosC, +0{cos(Bl«[El2 +E2 )+0{sin(Et/JEr2 +Ff)
Trong do:

B =(z,—Z0); A =\/(Xi4 —Xo) +(Via = Yio) -
C,= (A +B2— - L)E = LG, + LiF ~L,s(C)

(13)

3. Két qua mo phéng

Chwong trinh mé phéng duoc tién hanh theo hai
budc thuc hién:

e Buéc thi nhat: Thiét ké mot md hinh
tuong dwong cua TITAN-VIII trén phan mém
SolidWorks theo kich thudc that caa robot véi
chiéu dai than m = 101 mm, chiéu rong than n
= 201 mm, chiéu dai cac khép cua chan robot
lan luot 1a L3 = 200 mm, L2 = 155 mm, va L1
=45 mm.

e Bugc tha hai: Xuit md hinh tu
SolidWorks sang phan mém MATLAB
Simulink dé thu dugc md hinh mé phong vat ly.
Mot chuong trinh trén Simulink dugc xay dung
dé tinh toan cac goc khop theo cong thirc (13)
khi d biét toa d6 vi tri ban chan robot va toa d¢
vi tri cua trong tam.

So 6 md phong nhu trong Hinh 6. M6 hinh
mod phong dong hoc robot duoc thiét ké trén
Simulink, hinh anh mé ta hoat dong robot dugc
thiét ké bang SolidWorks.

F T v
|

1@ v — |l

syt

Hinh 6. M6 phong dong hoc TITAN-VIII
trén Simulink.

Kich thudc cau tric caa robot gdm m = 101, n =
201, L3 = 200, L2 = 155 va L1 = 45. Tu thé ban
dau duoc dua ra boi Vi tri caa chan véi G = 0, i
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=0va iz = 90°, do d6, chiéu dai ciia chan va chiéu
cao cia co thé lan luot I Lo = 252 mm va Ho =
236 mm. O trang thai ban dau cua robot, khi d6,
sai chan I6n nhét va goc quay i da trong mot chu
ky dang di 14n luot 13 Smax = 226 MM VA G = %
44° [8]. Su thay ddi cua cac bién khép 6, 02 va
iz trong thoi gian mo phong dugc chi ra nhu trén
Hinh 7. Mét chu ky chuyén dong cia robot dugc
thyc hién trong vong 5 gidy. Tai thoi diém t = 0+1
gidy, robot ¢ trang thai ban dau vai gia tri cac bién
khop béang gia tri khai tao. Tai thoi diém t = 1+2
gidy, robot di chuyén chan thi nhat vé phia sau
theo hudng chuyén dong, khi 611 tang 1én & chu ky
dau tién va dat dén mot goc 6n dinh & cudi chu ky.
Nhan thay rang, 613 thay ddi vi chiéu dai cia chan
thir nhat da tang 1én mot khoang céach. Tai thoi
diém t = 2+3 gidy, chan thi nhat dugc nhac khoi
mit dat va xoay Vé phia trudc. Theo trinh ty cac
budc trong f11va 621 dugc tang lién tuc dé gitr cho
chan tha nhit lubn & trén mat dat trong sudt thoi
gian t = 3+4 giay va khi t = 4+5 giay, tro lai goc
ban dau vao cudi chu ky.
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Hinh 7. Su thay di cac bién khép cua bbn chan
robot v&i d cao ban dau Ho= 243 mm.

Sy thay d6i do dai va do cao cia bdn chén trong
mét chu trinh chuyén dong dugc thé hién ¢ Hinh
8 va Hinh 9.

Leg 1 Ley
218 235 23s 216

212} 225 225 212

206 210 210 4 208

Hinh 8. Su thay dbi do dai cua bbn chan
trong mét chu ky chuyén dong.

Leg 1 Leg 2 Leg 3 Leg 4
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Hinh 9. Sy thay doi d¢ cao caa bon chan robot
trong mot chu ky chuyén dong.

Vi robot di chuyén khong thay d6i do cao cua
trong tam, nén su khac biét gitta Hi ¢ dau chu ky
va cudi cuing bang khong. Tai ndt quay cia ludi,
robot thay d6i dang di, tir dang di thang sang dang
di dimg yén-quay dé di chuyén theo huéng méi.
Chiéu dai thay ddi cua chan trong qua trinh nay
duoc thé hién trong Hinh 8.

4. Két luan

Bai bao di cho thay cach thiic giai quyét bai toan
dong hoc vi tri cho robot bon chan TITAN-VIII
dua trén quy tic D-H va phan tich cAu trac vat ly
cua robot, két qua 1a cac phuong trinh xac dinh gia
tri goc ting khép khi biét vi tri robot trong khong
gian (7), (8), (9), (10), (11). Cé&c phuong trinh
dong hoc dugc sir dung dé xay ding mot chuong
trinh tinh toan trén MATLAB, cho phép xac dinh
gia tri goc cua tung khop ung véi céc vi tri va
hudng khac nhau. Két qua ciia bai bao 1a co s¢ dé
thuc hién céc nghién ctu sau hon vé dong hoc
robot, phan tich dong luc hoc hay phén tich
chuyén dong cua robot bon chan.

Tai ligu tham khao

[1] K. lzumi, M. K. Habib, K. Watanabe and R. Sato,
“Behavior selection based navigation and obstacle
avoidance approaching visual and ultrasonic sensory
information for Quadruped robots”, Int. J. Adv.
Robot. Syst., vol. 5, no. 4, pp.152-155, 2008, doi:
10.5772/6234.

[2] X. Chen, K. Watanabe, K. Kiguchi, and K. Izumi,
“Implementation of omnidirectional crawl for a
quadruped robot”, Advanced Robotics, vol. 15, pp.
169-190, 2001, doi: 10.1163/15685530152116218.

[3] V. T. Nguyen, B. -W. Ahn and C. O Baeg, “Optimizing
path finding based on dijkstra’s algorithm for a



Nguyén Van Tién, D& Khac Tiép

quadruped walking robot TITAN-VIII,” Journal of pp. 113-133, 1984, doi: 10.1177/027836498400
the Korean Society of Marine Environment & Safety, 300210.

vol. 23, no. 5 pp. 574-584, 2017, dol: 1o 5 T Thing va P. M. Quan, Gido trink Dicu khién

10.7837/kosomes.2017.23.5.574. Robot cdng nghiép va #ng dung. Ha Noi: NXB Dai
[4] M. A. Sen, V. Bakircioglu and M. Kalyoncu, “Inverse hoc Quéc gia Ha Noi, 2013.

kinematic analysis of a quadruped robot,”

. L [7] S. Hirose et al., “Quadruped walking robots at Tokyo
International Journal of Scientific & Technology Institute  of Technology”, IEEE Robotics &

Research, vol. 6, pp. 285-289, 2017. Automation Magazine, vol. 16, no.2, pp. 104-114,
[5] S. Hirose, “A study of design and control of a Jun. 2009, doi: 10.1109/MRA.2009.932524.
quadruped walking,” Int. J. Robot. Res., vol. 3, no. 2,



