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Tom tat

Ngay nay, robot di déng dang dugc sir dung rong rai, tily theo trng dung cu thé ma c6 nhiéu loai robot di déng véi cac
co cAu dan dong khac nhau, nhu loai sit dung banh xe, loai st dung xich, loai c¢6 chan...C6 nhiéu co ciu dwgc phat trién dé
lam chén cho robot di dong nhu nghién ctru cua Tsai, nghién ctru cua Klann... Trong nghién citu nay, tac gia nghién ciru
robot di dong sur dung céu triic Theo Jansen lam chan. Chu trac Theo Jansen giup cho robot c6 thé chuyen dong duoc trén
nhitng bé mit khong béng phéng, hodc c6 thé vurgt qua cac bac ciu thang... Ngoai ra, viée sir dung co ciu Theo Jansen gitp
robot di dong c6 thé mang tai trong 16n hon céc robot di dong sir dung banh xe hoic xich...Bai bao niy, tac gia s& trinh biy
cac két qua v& nghién ciru quy dao chuyén dong ciia chan robot, kich thudce hinh hoc, ddng thoi md phong chuyén dong ctia
chén cda robot di dong. Bén canh d9, tac gia s€ dua ra mdt md hinh robot di dong str dung 8 co cAu Theo Jansen 1am chan
dugc thiét ké phu hop dé di chuyén trong khong gian nho sy dan dong ciia 2 dong co. Cubi cung tac gia s€ dua ra mot mo
hinh thiét k& mau ba chidu cho robot di déng sir dung co ciu Theo Jansen lam chan.
Tir khoa: robot di dong, dong hoc va dong luc hoc, Theo Jansen

1. Téng quan

Ngay nay, robot di dong dang dugc quan tam nghien clru, phat trién v6i muc tiéu tmg dung rong rai trong
cong nghiép, trong doi séng hang ngay, lam viéc trong cac moi truong doc hai, hay tham hiém & céc khu vyre ma
con ngudi khong truc tiép tlep can duoc. Cac robot di dong c6 thé di chuyén bang cac banh xe [3] nhu robot di
dong Sojourner do NASA ché tao dugc sir dung trong qua trinh kham pha sao hoa, hay robot di dong s dung
chén (walking robot) Plustech duoc sir dung dé van chuyén gb trong rimg, hay robot di dong st dung banh xich
nhu Pioneer dugc phat trién dé hoat dong trong moi trudng doc hai cua nha may nguyén tir Chernobyl, va cé thé
1a cac robot di dong hoat dong dudi nude nhim muc dich khdm phé dai duong ménh moéng,...

Hinh 1. Co ciu Theo Jansen (a), va m hinh robot di dong (b) sir dung co cdu Theo Jansen lam chan

Hé dan dong cua robot di dong dugc phat trién dua trén nhimg ng dung hodc cac bé mit ciia moi tru’o‘ng
lam viéc. Dé vuot qua mot bé mit khong bang phang chung ta can phat trién mot hé thong dan dong phu hop ma
hé thong dan dong bang banh xe hodc banh xich kho ¢ thé thyc hién dugc. Ngay nay, phat trién cac co cdu moi
lam chén cho robot dang dugc nhiéu nha nghién ctru quan tim, nhu co ciu 6 khau do Klann [4] gilr ban quyén,
co cu 4 khau do Tsai nghién ctru hay robot di dong dang chan do Boston Dynamics [5] phat trién,...Bai bao
nay, cac tac gia quan tdm dén robot di dong sir dung chan dua trén co cau Theo Jansen [1], robot di dong loai
nay s€ di chuyen can bang hon co cau do Klann hay Tsai sir dung. Co cau Theo Jansen c6 8 khau dugc lién két
v6i nhau bang cac khdp quay, trong d6 khau 1 13 tay quay nhu hinh 1(a). Tuy nhién, co cdu Theo Jansen ¢
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nhuoc diém qua nhiéu khau, khép din dén ma sat 16n do vay can momen din dong 16n. Str dung 1 co cau Theo
Jansen nhu 1 chan cho robot di dong, Kkét hop 8 co cAu nay lai véi nhau ta dugc 4 cap chan cho robot di dong, 8
chan nay dugc dan dong bang 2 dong co dién. Cac chan nay dugc lip rap va dan dong sao cho luén c6 4 chan
tiép xtc voi bé mit 1am viée, 4 chan con lai nhic 1én khi robot di chuyén. Hinh 1(b) m6 td& mo6 hinh robot di
dong st dung 8 co cAu Theo Jansen lam chan, co cu truyén dong tir dong co dan dong dén céc chan duoc thiét
ké nhu trén hinh v& nhim dam bao c6 thé dan dong duoc déng thoi 4 chan. Hinh 1(b) mo6 td mot vi tri chuyén
dong clia robot trong qué trinh di chuyén, cac chan (1), (3), (5), (7) nhac 1€n va céc chéan (2), (4), (6), (8) ludn
tiép xtic voi bé mat lam viée, diéu d6 dam bao rang robot ludn duoc di chuyén nhd 4 chén tiép xic voi mat 1am
viéc. Dé 1am chu co cdu Theo Jansen nay, tac gia sé xdy dung cc phuong trinh dong hoc, tinh toan quy dao cia
diém tiép xtic v6i mdt phang lam viéc va trinh bay cac két qua vé mé phong quy dao nay, ciing nhu dua ra md
hinh thiét ké ba chiéu dang y tuéng cho robot di dong sir dung co ciu Theo Jansen lam chan.

2. Phén tich dong hoc co ciu Theo Jansen

Trong phan ndy tac gia phan tich chuyén dong cua 1 chan cta robot di dong, chan nay dwgc mo h‘{nh hoéa va
ky hiéu nhu trén hinh 2. Véi 6, 1a goc quay cia dong co dan dong, 1 trong d6 i=1,2,...12 1a chiéu dai cic
khau,C, ,,Cy 5, C34, C 4, Cs4, Cqg, Cy olan luot 13 giao diém giira 2 khau, va C,; , (foot-point) la
diém tiép xtic cta chan robot v4i bé mat lam viéc. Co cAu Theo Jansen c6 tong cong 8 khau lién két vai nha}l,
trong d6 s& c6 1 khau chu dong 1al, (hay khéu dan). Nhu trén hinh 2 diém giao C, ; cta khéu 1, c6 thé chuyén

dong tir 0° (khi C, 5 nam trén truc OX ) dén 6, , khi Cy 3 nam trén truc OY thi 6, =90°

Hinh 2. M6 hinh 1 co cdu chén ctia robot di dong

Trong phan nay tac gia tip trung tinh toan quy dao chuyén dong cua giao diém Cii12 dé 1am cin cr xéac
dinh kich thuéc chén ciia robot di dong cho phut hop. Trude tién cac giao diém tir C, , dén C;; |, cin phai dugc
xac dinh. Nhu trén hinh 2 ta dé dang x4c dinh dugc cac giao diém Ci,, Cy3 va C 4, céc giao diém khéc s&
duoc xac dinh dya trén quan hé sau:

@ Giao diém C; , dugc xac dinh tir giao diém C, 4 va C, ;
@ Giao diém C, ¢ dugc xac dinh tir giao diém C, 4 va C; 4
@ Giao diém Cs ¢ dugc xac dinh tir giao diém C, 4 va C, 5
@ Giao diém C, ;, dugc xc dinh tir giao diém C; gva Cj

® Giao diém C,, ;, dugc xéc dinh tir giao diém Cs ¢va Cq
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Khi tat ca cac giao diém dugc xac dinh thi quy dao chuyén dong cia giao diém C,, 12 trén chén robot di
dong cling dugc xac dinh, viéc xac dinh céc giao diém nay dua trén kién thirc chung vé co chu bon khau trinh
bay trong [2]. O day, cac giao diém nay 1a giao diém ciia 2 vong tron c6 ban kinh lan luot 1a chidu dai cac khau
lién két va tAm tai mot giao diém da duoc xac dinh vi vay ta co thé ap dung tinh chat ham lugng gidc dé xac dlnh
vi tri cdc giao diém nay trong khong gian. Trudc tién cac gia tri clia 6 véi1=3_4,56,78,9 10,11 12 can
duoc xac dinh trén hé toa do0 OXY. Dua trén tinh chét giao diém gilra hai vong tron thi géc 6, dugc xac dinh nhu
phuong trinh sau:

0, = Atan2(C,, —C,,,Co —Cy, ) v6i i=3_4,5.6,7.8,9_10,11_12 (1)

trong d6 Cy, —Cyy,Cy, —Cy, duoc liét ké lan luot & cdt 2 va 3 cua bang 1.

Bang 1. Giao diém ciia 2 vong tron va ban kinh cta ching

Giao diém C, C Ban kinhcia  Bén kinh cua
can tim 2 vong tron 1 vong tron 2

DC; Ci a4 Cy ;3 1, 1

@C; 4 Ciq Cs 4 lg 1;

®Cs Ciq Cas l I5

@Cy 4 Cis Cs 6 Iy Lo

®C), 1, Cse Co 10 L 1

biém can tim

| J |

Hinh 3. Giao diém cua 2 vong tron va hé toa d6 X-Y
Ban kinh cta cac hinh tron dugc miéu ta nhu trén hinh 3 va chiéu dai cia ban kinh chinh 1a chiéu dai cua
cac thanh lién két. Trong hinh 3b khoang cach giita hai tim cta 2 dudng tron dugc ky hiéu 1a D;, str dung

phuong trinh ham lugng gidc tai giao diém ciia hai vong tron ta xac dinh dwgc khoang céch giita hai tim ctia
vong tron nhu sau:

D, =\/(C2X —C, P +(C, - F vei =1.2,3_4,5.6,7.8,9_10,11_12 )
trong d6 C,,,Cyy va Cy,Cyy duge liét ké 1an luot trén cot thir 2 va thir 3 clia bang 1.

Sir dung céc cong thire (1) va (2) ta sé xdc dinh duge giao diém P;(P,.,P, Jtrong hé toa do OXY voi
i=3 4,5 6,7 8,9 10,11 12. St dyng tinh chat ham luong gidc tir hinh 3 ta xdc dinh duoc vi tri cia P nhu
sau.

D?+12 12
ix =L 2 va Piy
2D_/

=+l ~P} 3)
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P, s€ co 2 vi tri d6i ximg nhau qua truc nim ngang OX nhu trén hinh 3b.
Déi voi hé toa do 0X,Y, giao diém C,, dugc xac dinh nhu sau:
X, =cosOx P, —sinfx By, +C,
Y, =sin0x P, +sindx P, +C,,
voin=12,3 456,789 10, 11 12.
St dung cac cong thirc tir (1) dén (4) ta xac dinh duoc cac gi{:lo diém, sau q(’) s& xac dinh duoc diém foot-
pointCy; |, . Trude tién ta dinh nghia cac h¢ toa d¢ ciia moi giao di€ém va dugc bicu dién nhu sau:
Co =(X,.Ys)
lez = X172aY172
C174 = X174,Y174
C273 = X2735Y273 (5)
C4=X34,Y34

(4)

C11712 = (X11712aY11712)

Nhu duge mo ta trén hinh 2 thi hé toa d6 OXY duoc dat tai tdm quay cua thanh /, hay ndm trén tdm cua
truc quay clia dong co din dong khi d6 toa do cia C, , =(0,0). Giao diém C, ,ndm trén thanh c6 dinh céch
C, , mot khoang bang ding chiéu dai cua thanh [, . Nhu trén hinh 2 thanh / 1a thanh ¢b dinh va nim ngang, vi
vay giao diém Cis= (X1_4,Y1_4 )1.'21 diém c6 dinh cua chan ciia robot di dong nay, do d6 ta xac dinh dugc toa do
clia giao diém C, 4 nhu sau

Xi 4=/ sin6 4

6
Y, 4=l cosb 4 ©
Tuong tu ta xac dinh dugce gia tri cua C, 5 = (ij , Y273) nhu ¢ phuong trinh sau
Xz 3 :lz Singz 3
- - ™

Y, 3 =1 co86, 5

Pé xédc dinh vi tri ciia ntit Cy , = (X3 4> Y3 4) trudc tién ta can xac dinh gi4 trj ciia €; 4 nhu trén hinh 3a, st

dung céc cong thirc da dugc trinh bay phia trude ta co
Oy 4 =Atan2\C, 53, —C 4,,C, 5, —C 4,

D} ,+010-13 —
By = By =5l - B ®)
2D; 4
X3 4=0080; 4 x Py 4 —siny y x Py 4, +C 4,
Yy g=sints 4 x Py 4 +5in6; ¢ <Py 4 +C 4,
Tuong ty ta co thé xac dinh duogc cac giao diém khac ciia chan cua robot di dong, giao diém cudi cing

duogc xac dinh nhu phuong trinh sau
O 12 = Atanz(C9710y =Cs 6y,Co 105~ C576x)

Dy yp = \/(Ctuo): —Cs 6 )2 + (C9710y - C576y)z

D121 12 +1122 —1121
Rl =——F Py =% It _13121712)( ©)
2Dy oy

X11712 = COoS 911712 XI)11712X —s1n911712 XI)11712y + C576x

Yo =8inb)y 3 X Py o #8060 p xRy 15y +Cs g,
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Phuong trinh (9) mé ta vi tri cia diém cudi cing ciia chan robot di dong C,, 12 (foot-point) trong subt qua

trinh robot hoat dong. Quy dao chuyen dong cua diém cubi nay glup cho ta biét dugc robot di dong co the vuot
qua céc vat can & mirc d6 nao. Pé vuot qua cac chudéng ngai vat co chiéu cao khac nhau ching ta thay déi chiéu
dai cac thanh lién két khi d6 quy dao chuyen dong cua diém cudi cung ciing thay dbi, va gitp ta hinh dung xem
robot di dong chuyen dong c6 on dinh trong qua trinh hoat dong hay khong. Béng 2 trinh biy gia tri cia cac goc
6, khi giao diém C,; ndm trén duong ndm ngang la vi tri ban du cua chan robot di dong trong hé toa d6 OXY

hay 9273 =0

Bang 2. Gia tri cua g, khi giao diém Cy; nim trén dudong nim ngang hay 0,3=0°

Giaodiem  Cj 4 Cs 6 Cig Co 10 Cin

0, [deg] 0° 0° 76.93°  -46.15° 164.63°

~ Trong phén sau tac gia trinh bay két qua mo phong chuyén dong cta chan cta robot di dong va md hinh
thiét k& robot di dong dang chan.

3. M hinh va md phéng chuyén dong ciia robot di dong sir dung co ciu Theo Jansen

Trong nghién ctru nay, tac gia lya chon mo hinh robot di dong str dung co cdu Theo Jansen lam chan, robot
di dong nay c6 4 cip chan duoc 1p rap thanh 4 16p chan nhu hinh 4. Dya trén céc kich thuée hinh hoc cia co
céu Theo Jansen cing v6i yéu ciu tinh 6n dinh khi chuyén dong cia robot di dong, sau khi tién hanh mot sb mo
phong chuyén dong ciia robot di déng cic tac gia lya chon ra mét b thong sé hinh hoc ctia cac khau duoc lit ké
trong bang 3. Pé c6 dwoc két qua thiét ké va didu khién robot di déng dang chan dwoc ti wu, trude tién tac gia
s& cir dung chuong trinh Matlab ciing v6i cac phuong trinh di duoc xay dung & trén dé mo phong chuyén dong
ctia 1 chan va 1 cip chan cua robot di déng va tim ra quy dao chuyén dong ciia Cy; 1 (foot-point) khi khau dan

dong quay mot vong hay 6. =360°.

Hinh 4. M6 hinh robot di dong sir dung cAu tric Theo Jansen lam chan

Bang 3. Thong s6 hinh hoc ctia 1 chén ciia robot di dong

Ky hiéu thanh
lién két
Chidudai[mm] 90 28 128 83 128 83 115 83 83 83 166 144

1 1, 15 1, 15 lg 1, Ig 1y Lo I 15

Hinh 5 13 két qua m6 phong cua 1 chan va 1 cip chan khi robot di dong chuyén dong tai chd, dua trén két
qua mo phong ta thiy ¢ nhiing thoi diém chan ciia robot nhic khoi bé mit nam ngang, do vay khi thiét ké va lip
rap robot di dong chiing ta cAn sir dung tinh chit nay giup cho robot di dong c6 thé chuyén dong qua dwoc nhimg
bé mit khong bang phang.



172 Pham Viin Bach Ngoc, Tran Thi Tram

100 100

50 7\ 50 4\\ A\

-50 -50
-100 ﬁ . -100
-150 \ / -150
\ | 200

| Ve
—N [ > u

& | T
250 -250

-250 -200 -150 -100 -50 0 50 100 -250 -200 -150 -100 -50 0 50 100 150 200 250
x-axis x-axis

y-axis

-200

AT/
¥

Hinh 5. Két qua m6 phong 1 chan va 1 cip chan cia robot di dong

Hinh 6 gi6i thiéu m6 hinh robot di dong sur dung 8 co chu Theo Jansen lam chan, dugc dan dong bang 2
dong co dién. Dé robot chuyén dong tién vé phia trudc hogc lui vé phi sau thi 2 dong co nay hoat dong ddng tbc
v6i nhau, dé r& sang phai thi dong co phia bén phai giam tdc d6 hodc dirng hin so véi déng co phia bén trai, mot
cach tuong ty nhung nguoc lai khi ta cin robot ré& sang trai.

Hinh 6. M6 hinh 3D robot di dong

4. Két luan

Trong bai bdo nay, tac gia gisi thiéu tdng quan vé ciu co ciu Theo Jansen va robot di dong sir dung chan.
Bai bao nay cac tac gia cling da lya chon dugc mét moé hinh robot di dong st dung chén sir dung 8 co cAu Theo
Jansen 1am chan, dong thoi xdy dung dugc phuong tinh toan chuyén dong cua chan cua robot di dong, ciing nhu
mo6 phong hoat dong cua 1 chén va 1 cap chén cua robot di dong bang phan mém Matlab. Bai bio ciing gidi thiéu
ban v& thiét k& miu mo hinh 3 chiéu ctia robot di dong st dung co' cau Theo Jansen lam chén. Trong cac nghién
ctru tiép theo ching toi can tinh toan tdi uu cac kich thude va thue nghiém robot di dong trong cac moi truong
lam viéc khac nhau nhdm hoan thién co cdu co khi va phat trién thudt toan diéu khién.

Loi cam on

Céc tac gia xin cam on sy hd trg cho nghién ciru ndy ciia Vién Co hoc.
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