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NGHIEN CU'U PONG HOC VA MO PHONG
RO BOT NHEN BON CHAN

STUDY OF KYNETICS AND SIMULATION
OF FOUR-LEGGED SPIDER ROBOT

TS. Nguyén Trong Doanh, KS. Nguyén Ngoc Dat
Truong Pai hoc Bach khoa Ha Nai

TOM TAT

Trong bai bdo nay dé cdp dén buéc ddu tién trong thiét ké: M6 hinh héa déng hoc va mé
phong hoat dong ciia 6 bot nhén 4 chdn. Vin dé chinh la xdc dinh két cdu, phuong thirc chuyén
dong, xdy dung phuong trinh dong hoc va phdn mém mé phong. Ré bt nhén 4 chin gom 4 hé
chuyén dong co két cau twong tw nhau véi ba bdc tu do dang RRR. Cdc géc quay ciia méi bdc tw do
déu cé giéi han va mién hoat dong doi ximg tao cho ré bot ¢é khad ndng linh hoat trong tién, lii. Két
qud mé phong trén Matlab va Visual Studio cho thdy khd ning bém theo ham diéu khién rat tot ciia
loai ré bot nay.

Tir khéa: RS bét nhén; Mé hinh héa; Mé phong; Péng hoc.
ABSTRACT

This article deals with the first step in designing: Modeling and simulation of the motion of a
Jour-legged spider robot. The main problem is determining the structure, mode of motion, building
kinematics and development of simulation software. The four-legged robot consists of four moving
systems with a similar structure to the three degrees of freedom of the RRR. Angles of each DOF
are limited and acting space allows the robot has the flexibility to move forward and backward.
Simulation results on Matlab show very good control of the robot.
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1. PAT VAN PE

R bot ty hanh 1a mot huéng phat trién
rat manh hién nay. R6 bt tu hanh rit da dang,
tlr cac rd bot chay trén ray dan hudng, dén
chay trén cdc banh xe, cic rd bot dang ngudi
Humainoid, cac r6 bot phong sinh chay trén cac
chén nhu dong vat: Ngua, chd, da diéu...: cho
dén céc 16 bét chién dau, cic AUV hay tau Iin
tw dong va UAV cac vat thé bay tu dong. R6 bt
nhén cling 12 mot trong nhitng loai rd bot phong
sinh hoc dugc quan tdm phat trién. Pic diém
chinh cua ré bot nhén 1a su phdi hop chuyén
dong cua cac chén va su thich tmg véi cac bé
mdt c6 dia hinh khong bing phing. C6 nhiéu
hudng tiép can khac nhau: R bét nhén tam
chan [1], r6 bot nhén 6 chan [2] va nhidu nhét
14 r6 b6t nhén 4 chan véi cac két cau khic nhau
[3.4, 5,6]. Két cau r6 bdt nhén ching toi lua
chon 1a dang nhu trén hinh 1. Bdn chén c6 két
cau gidng nhau nhung vi tri xuat phat cua cac
chan khic nhau. Diéu nay thuan lgi cho viée
diéu khién chuyén déng.

% Furdng tién
|
|

Hinh 1. Nguyén Iy chuyén dong cua
¥ bot nhén 4 chan.

Hai chuyén déng quay cua hai khép dau
tién gitp thay ddi chidu cao cua trong tdm va vi
tri ciia chan trong mit phang cua chan. Chuyén
dong quay cua khép cubi dé di chuyén toan
bo chan dén vi tri méi. Béi véi ré bét nhidu
chan, van dé giir thing bang don gian hon 16
b(‘?t co it chan. Néu di chuyén tung chan mot,
tién hay lui, thi trong tam ctia ro bt s& nim trén
trong tam cia 3 chan con lai. Néu di chuyén
cd hai chén dong thoi, kha ning giir én dinh
van dam bao dugc, dac biét trong chuyén dong
nhanl}. Tuy nhién, khi chuyén dong nhanh thi
chuyén dong cua ca hai chan so le nhau 14 bit
budc. Trong thiét ké nhur trén hinh 1, thi vi tri
Xuat phat cta cac chan khong gidng nhau. Khi
tién 1€n thi chn 1 s& tién dén vi tri moi dé dat
khoang cach giira 1-3 1a L, chan 4 s¢ tién len
dé dat khoang céch giita hai chan 2-41aL . Khi
di Iui thi chan 2 Ti ¢ tao khoang cich giita
2-41a L, va chén 3 s& i dé tao khoang cach
1-3 12 L,. Hién tai, r6 bot méi thibt ké dé c6 thé
di chuyén trén mat phang. Trong tuong lai sé
trang bi thém cac cam bién va thudt toan diéu
khién thong minh, dé r6 bét tyr thich ung véi
cac mdt bang dang khong xac dinh.

2. MO HINH HOA PONG HOQC

Két cdu cua ro bot nhén véi cac hé toa
do twong tmg cua phan than, cac truc chﬁyén
dong duge mé ta trén hinh 2 véi cac goc chuyén
dong twong g,

a. Cac théng so hinh hoc co ban ciia rg bét:
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Hinh 2. Két cau ciia ré bot nhén
b. Bai toan dong hoc nguoc

Ta ¢6 thé trién khai dong hoc cua rd
bbt nhén theo phuong phap Ma trén Denavit-
Hartenberg. Tuy nhién, do dong hoc cua loai
ro bdt nay kha dac biét, nén ta co thé dya trén
khong gian hinh hoc dé xac dinh vi tri cta cac
khép khi biét vi tri diém cudi. Mo hinh déng
hoc nguoc cua bdn chan déu twong tur nhu nhau,
nén ¢ ddy chi gidi thiéu phuong trinh dong hoc
nguoc cho mdt chan.

Trén hinh 3 1d hinh chiéu cac khau
xubng mit phing day. Trén hinh 4 1a hinh chiéu
dimg trén mat phang chan ro bot.

(Xe:. Ye)

Hinh 4. Hinh chiéu dimg trén mdt phdng cuia chan
70 bot.

Ta c6 cac phuong trinh sau:

i — tan(y;) (1)
Ygi

Lp =+/Z2 + (Lt — Ly)? @)

L2 =15 + I3 — 2L, Lscos(a;) (3)

12 =12 + 1% —2L3L,cos(B) (4)

T day, ta c6 thé xéc dinh vi tri diém
cuoi cua chéan thir i (i=1,2,3,4) cua ré bot nhu
Sau:

-1 XEi
Yi = Y1i + Y2 = tan 1(%) &)
o 151313 6
ty; = COS 1 i, ) (6)
_ -1 %o
ay; = cos  (2) (7)
Lp
Q; = @y + ay; (8)
. —1p-15-13
B, = cos™1(BE, ©)

Phuong trinh dong hoc tong quéat cua
chan thlr i cua rd bot to khai trién ma tran
Davide — Hartenberg c6 dang:

04 7.5 | R '''' ?‘
""?Agi(Q) _ [ 3;(‘?) 3:(q)
0 1

Vi tri tic thoi cta chéan thi i coa rd bot

duoc xac dinh tr hé phuong trinh:

(10)

1 =X (@)-X,
L=Y (@)Y, (11)
fi: =Zi (q) -ZEI'
Trong do: X, (q), Y, (q), Z, (q) la toa
do khau cudi fir ma tran hlen doi thuan nhat:
UABi_OAlihAZinIA.‘\i'
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3. MO PHONG PONG HOQC CUA RO BOT
NHEN TREN MATLAB:

St dung Matlab R2015a, xdy dung
chuong trinh md phong chuyén dong tinh tién
clia céc chan rd bdt nhén ta thu duoc két qua
nhu trén hinh 5a,b.

Ty

Hinh 5: a) Buoc 1; b) Budce 2

Budce 1 hai chan 1 va 3 tién lén clng
mot khau d6. Budce 2, hai chan con lai tién 1én
theo dén vi tri mai.

Trén hinh 6 1a chuyén vi goc cua cac
khop chin 1 theo thoi gian. Nhu vay, ta théy
rang sau mdi budc tién, céc chan o bbt dat dén
vi tri méi, nhung cac goc cua cac khau lai tro vé
vi tri ban déu.

Cram

11|

ter gar

Hinh 6. Chuyén vi goc ciia cac khaop chan 1.

Trong chuyén dong quay: Cac chan ro

bt sé quay mét cung mot goc y= Tng , VOI trinh
tw quay chan 1-3 va tiép theo 1a chan 2-4. Két
qua m6 phong céac chan dat duge nhu trén hinh
Ta.
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a) b)
Hinh 7. a) Vi tri diém cudi céc chan trong chuyéﬁ
‘ dong quay;
b) Bién thién cua cdc khop theo thoi gian.

_ Saumodi goc quay cac chan rd bot ciing
tro' vé vi tri vai cce goce clia cac khdp giong nhu
vi tri xuat phat.

4.MOPHONG SUDUNG VISUALSTUDIO

’ pé quan sat tryc quan hoat déng ctia r6
bot, phan mém Visual Studio 2013 va thy vién
OpenGL dd dugc xu dung dé xéy dung phan
mém mo phépg. Két qua cho chuyén dong
thang va chuyén dong quay thu dugc trén hinh
8a,b.

Hinh 8: a) Chuyén dong thang;
b) Chuyeén déng quay

I‘(ét qua mod phong tryc quan cho thay
an twong dong véi thuat toan di chuyén
qua thu duogc tir mo phong Matlab.

hoan to
va két
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5. KET LUAN

M6 hinh dong hoc cua ro bot nhén 4
chan duogc xay dung phu hop voi cac loai rod
bdt nhén bdn chan da phat trién trén thé gidi.
Két qua mé phong co thé ding duoc trong
diéu khién déng hoc cho ré bdt nhén. Van dé
can dugc nghién clru tiép theo la dong luc hoc
va diéu khién cua ro bot nhén. Day la hai bai
todn tuong ddi phirc tap hién nay ddi voi ro bét
nhén. Trang bi thém cdc cam bién hién dai c6
thé nang cao kha ning diéu khién thong minh
va tinh (g dung cho 16 bt 1a mot hudng dang
dwoc quan tam trén thé gioi. <
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