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(34) QUY TRINH TOI UU BO THONG SO BUSC BI CUA RO-BOT DANG NGUDI

DUNG THUAT TOAN DI TRUYEN NANG CAO (MGA)

(57) Giai phap hitu ich d¢ xuét quy trinh t6i uvu héa bo thong sé bude di clia ro-
bot dang nguoi (biped robot) diing thuat todn di truyén nang cao (MGA). Dau
tién gidi phdp hitu ich dé xuét quy trinh xay dung dong hoc nguoc cho ro-bét
dang ngudi 12 bac tr do (dof) dua trén nhém thong s6 dac trung. Tix d6 phat
trién quy trinh tinh t6i wvu bo thong s6 dac trung nay ding thuit toan di truyén
nang cao. Cu thé thuat toan di truyén nang cao (MGA) 1a cong cu cét 16i duoc
ding trong quy trinh dé€ t6i uu céc thong s6 clia dang di r6-bot dang ngudi. Quy
trinh t6i wu dugc thuc hién ludn bao dam hai yéu cdu 1a giit 6n dinh buéc di cing
bao dam tdc do chan budc cuia ro-bot dang ngudi. Ngudng 6n dinh dua theo vi tr
x4c dinh cla diém momen zero (ZMP) s& cho phép thay déi van t6c budc di theo
chiéu dai budc. Vi tri ZMP dugc tinh toan dua trén quy trinh t6i wu méi dé xuat,
khong doi héi dong hoc hé thong phitc tap. Cdc két qua ctia quy trinh t6i wu
thong s6 budc di ciia ro-bot dang ngudi ding MGA theo giai phdp da dugc mo
phong va s& dugc trién khai trén r6-bot dang ngudi kich thudc that, c6 tén
HUBOT-3.
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Linh vue ky thuit dwoc dé cip

Sang ché thudc linh vue co dién tir, cu thé d& cap dén quy trinh t5i uu hoa bd
thong s6 budc di ctia ro-bdt dang ngudi ding thudt toén di truyén nang cao (MGA).

Tinh trang ky thuit cia gidi phap hiru ich

Céc phuong phép va thudt todn t6i wu héa bude di cia ro-bdt dang ngudi dung
thuit toan thong minh da dugc nghién ctru trong khoang mudi nim gin ddy. Pong hoc
ctia r6-bdt dang ngudi ¢ ban chit phi tuyén va rit kho phan tich. Mot s6 mé hinh r6-bbt
dang nguoi (biped) duoc luge gidn da duge ap dung, trong d6 giai phap mo hinh con lic
nguoc duge dung rong rai hon ci. Theo md hinh nay, khéi luong r6-bdt dang ngudi duoc
quy vé & tdim khdi lwong (center of mass — COM) ctia con lic nguwoc. Mo hinh con lic
nguoc rit hitu dung dé khao sat 6n dinh cho budc di cta ré-bdt dang ngudi théng qua
tinh todn vi tri (x,y) cta diém moémen khong (zero moment point - ZMP) nim trén mit
phing budc di ctia ro-bbt dang ngudi.

Viée 6n dinh bude di cho rd-bdt hai chan dugce bao dam khi diém ZMP nim trong
dién tich da gidc duge bao phti béi ban chan chan tru ctia rd-bét dang ngudi. Mot sé giai
phap dwa trén nguyén ly ndy da duoc dé xudt dé tinh toan qu§ dao budce di dn dinh, trong
d6 ro-bbt dang ngudi ASIMO (Hang HONDA — Nhat ban) 1a vi du tiéu biéu khi tinh toan
xay dung quy dao budc di dua trén nguyén ly ZMP.

Mot sb giai phép khac da duge dé xudt nhim t5i wu bude di cia ro-bdt ngudi nhu
cac phuong phép hoc c6 gidm séat va khong gidm sét dung mang nordn, phuong phép hoc
tang cuong, v.v..

Gan day thuat toan di truyén (genetic algorithm — GA) 14 cong cu tbi uu da bién
phi tuyén rit manh bét ddu duogc ding dé ti thiéu ham trong sb ctia sai s6 ZMP ding khi
phat quy dao budc di cho ro-bdt ngudi. Dua trén cach tiép can khéc, cac tac gia F.
Arakawa va T. Fukuda trong bdo cdo nghién ctru khoa hoc “Natural Motion Trajectory
Generation of Biped Locomotion Robot Using Genetic Algorithm Through Energy
Optimization” trong cudn 2 tap san, trang 1495-1500 ctia hoi nghi “IEEE International
Conference on Systems, Man, and Cybernetics” dién ra & Trung Qudc nim ding GA dé
d& xudt giai phap tdi thidu nang luong tidu thu khi r6-bdt dang ngudi thue hién bude di.
Tuy véy, cho dén nay thuit todn di truyén van chua duge khai thac hiéu qua dé t6i uu hoa
bd thong s6 bude di cta ro-bdt dang ngudi bao dam dd dn dinh va tde d6 chan bude.

G Viét Nam, viéc thiét ké, 13p dit va diéu khién budce di 6n dinh cho ro-bét dang
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ngudi chi méi dat nhitng thanh twu ban dau (rd-bét dang ngudi HUBOT-2 14n ddu & Viét
Nam dugc lip dit nam 2010 tai PTN Trong Piém DCSELAB, Pai hoc Bach Khoa-Dai
Hoc Qubc Gia Thanh phd HO Chi Minh). Viée xdy dung quy trinh t6i wu héa bd thong sb
bude di cta ro-bot dang ngudi van 14 bai todn 16n dang chd céc nha nghién ciru trong
nude va quic té dé xudt cac giai phap giai quyét.

Thue té cho thdy, trong bai toan 14p quy trinh t8i vu hoéa bd thong s bude di ca
rd-bbt dang ngudi, cac kho khan 16n cin giai quyét bao gdm: (1) xay dung hi¢u qua dong
hoc nguoc cho ro-bbt dang ngudi da bic tu do, (2) tim giai thuat t6i wu thich hop dé i
uu cac thong sd ctia dang di r6-bbt dang ngudi (humanoid robot), va (3) két qua budce di
t6i wu duge tinh todn va xdy dung boi quy trinh phai bao dam hai yéu cdu co ban 14 giit
6n dinh bude di cling bao dam tdc dd chan bude cho ro-bdt dang ngudi.

Ban chét ky thuét cia giai phap hiru ich

Muc dich ctia giai phap hitu ich nay d& xudt quy trinh t6i uu héa bd thong sb budce
di ctia r6-bdt dang nguoi ding thuat toan di truyén nang cao (MGA), giup khic phuc
dwoc nhitng khé khin di néu o trén. Pé dat duoc muc dich d6 giai phép hitu ich d& xuét
quy trinh t&i wu héa bd thong sb budce di cia rd-bdt dang ngudi dung thuét toan di truyén
nang cao (MGA), quy trinh ndy dugc thuc hién trén mot thiét bi tinh todn ¢ niang luc
tinh todn phil hop, quy trinh ndy bao gdm cac bude sau:

xdy dung dong hoc nguoc cho r6-bdt dang ngudi 12 bac tw do (dof) dwa trén nhém
thong s dic trung, cu thé:

i) xac dinh céc rang budc co ban ciia dong hoc nguge ro-bot dang ngudi 12 béc tu do
dva trén nhom thong sb ddc trung 1a vi tri Po, Ps va P12 ctia 3 khép nén tang theo biéu
thac (1),

ii) x4c dinh 4 géc quay 04, 0p, Oc, Op ctia 4 khdp chinh theo bidu thire (2),

iii) xdc dinh dong hoc nguoc thé hién qua 12 géc quay [01, 02.., 012]" ctia toan bd 12
khép ctia rd-bdt dang nguoi theo biéu thire (3);

t6i wu hoa bd thong sb bude di ctia ro-bdt dang ngudi dung thuat toan di truyén ning
cao (MGA), cu thé:

i) xéc dinh tim cho bo 4 thong s§ dic trung quyét dinh dang di ro-bdt dang nguoi
bao gdm khoang chén buédc s; khoang dich héng; khoang chun than h va khoang nhic cao
ban chén ctia chin quing H theo biéu thire (7),

i) cai dit thong sb cla thuat toan di truyén nang cao (MGA) theo bang 1 va van hanh
thudt toan di truyén ning cao (MGA) dung dé t6i wu bo thong sb budce di cta ro-bét dang
nguoi,

iii) x4c dinh ham chi phi (cost function) khi tinh t6i wu bo 4 thong sb dic trung ding
thuat toan di truyén nang cao (MGA) theo céc biéu thirc (9), (10) va (11),
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iv) xdc dinh vi tri (xzmp, yzme, 0) clia diém ZMP trong ting vong lap khi van hanh
thuét toan di truyén nang cao (MGA) theo cic biéu thirc ding cac bidu thirc tir (12) dén
(20) dé khang dinh chét lugng budce di 6n dinh ctia bd thong sb duge téi wu,

v) thay di gid trj trong s6 A ¢ trong ham chi phi (cost function) cho cic 1an van
hanh thudt toan di truyén nang cao (MGA) va tdp hop két qua gia tri céc bd thong sb tbi
vu dé diéu khién 4n dinh bude di ctia ro-bét dang nguoi.

Két qua quy trinh t6i wu bd théng sd budc di clia rd-bdt dang ngudi bao dam hai yéu
cAu tién quyét la gilr 6n dinh bude di cung bao dam tbc dd chan budc cia ro-bdt dang
ngudi, kha ning gitt n dinh bude di cing bao dam tdc d6 chan budce cia rd-bét dang
ngudi théng qua quy trinh t6i wu bo théng sé dang di r6-bdt dang ngudi duge dinh lugng
qua ham chi phi theo biéu thirc (11).

M ta van tit cac hinh vé

Hinh 1 13 hinh v& quy uéc hé toa do va ki hidu cac khép nbi cia rd-bbt dang nguoi
— Mt Trude (Frontal) va Mit Bén (Sagittal);

Hinh 2 1& hinh v& thé hién trong tdm cac khdp nbi ctia ro-bbt dang ngudi — Mit
Trudce (Frontal) va Mét Bén (Sagittal plane);

Hinh 3 13 hinh v& minh hoa r6 bdt dang ngudi HUBOT-3;

Hinh 4 13 hinh v& thé hién toa d0 cac khép nbi cta r6-bbt dang ngudi — Mit Trude
(Frontal plane) va Mt Bén (Sagittal plane);

Hinh 5 14 hinh v& thé hién c4c thong sb ctia dong hoc ngugc ciia ro-bdt dang nguoi
— Mt Trude (Frontal plane) va Mat Bén (Sagittal plane);

Hinh 6 12 hinh v& thé hién céc thong sé chinh quyét dinh dang di ctia ro-bdt dang
nguoi.

MBS ta chi tiét Giai phap hiru ich
Giai phép hitu ich nhdm d& xudt quy trinh t6i wru héa bd théng s6 budc di cua ro-
b6t dang ngudi bing thudt toan di truyén nang cao (MGA) duge trinh bay cu thé nhu sau:

Xay dung dong hoc nguoc cho ro-bbt dang nguoi 12 béac ty do (dof) dua trén
nhém théng s dic trung. Hinh 1 minh hoa vi tri Po, Ps va P12 ctia 3 khép nén ting clia ro-
b6t dang ngudi. Hinh 1 con minh hoa vi tri 12 géc quay [01, 02.., 812]T cia toan bo 12
khép cta ro-bbt dang ngudi. Ngoai ra, Hinh 1 thé hién ki hiéu cac khép nbi cia ro-bdt
dang ngudi quy vé 2 hinh chiéu Mgt Trudc (Frontal View) va Mt Bén (Sagittal View),
bao gdm 12 bac tu do, cho ta vecto [12x1] Gmg véi 12 géc quay truyén dong [01, 6s..,
012]".
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Duya theo vi tri lap diit cdc dong co truyén dong, trong tdm cac khop chibu trén Mat
Truéce (Frontal plane) va Mit Bén (Sagittal plane) duoc thé hién trén Hinh 2.

Thiét ké tvong tmg ctia HUBOT-3 dugc thé hién trén Hinh 3.
Toa do twong ting cua timg khop truyén dong Pi(Pix, Piy, Piz) cho trén Hinh 4.

Hinh 5 minh hoa vi trf 4 goc 6, 0s, Oc, Op ctia 4 khdp chinh ctia ro-bdt dang nguoi.
Céc thong sb cia dong hoc nguge cia ro-bdt dang ngudi quy vé Mit Trude
(Frontal plane) va Mat Bén (Sagittal plane) cho trén Hinh 5. Tir Hinh 5, ta nhéan thdy:
xl =P0x _Pﬁx’ y/ =_P

6)/3

xr:Ple—Pé,\'> yr=_P6y9 Z/‘=P122_P6::’ (1)

Z/ =‘P0:_P62’

Twr céc thong sb toa dd (x, yi, z1), (Xr, ¥r, Zr) clia hong so v6i gbe toa do 1a mit c4
chan try (trdi) va chén budc (phai), cdc goc quay cua 4 khép chinh duge xac dinh nhu
sau:

M 42 2 2 2 2
0. = cos” dy +d, =x; —y; '21}
=

2d,d,

0, = cos

4 sin(6,)
JxP+yl+ 2]

dl +d; —x] -y; -z,
2d.d,

—

_ -1
6. = cos

6, = cos- _‘f&“(@_cl_} - 2)

[ 2 2 2
xr +yr +Zr

Trong d6 d; 1a chiéu dai tir khép hong dén khép gbi va ds 1a chiéu dai tir khép gbi
dén ban chan cua ro-bét dang ngudi.

Ding déng hoc ngugce, cac goc quay cia toan bo 12 khép cia ro-bdt dang ngudi
duogc xac dinh nhu sau:

6, = tan™ [2)—’—]
Z
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O, = -6,
6, =-6,
0,=n-0,
O =7—6,

0; =%—0A +6, +sin'1[#——}

i+l + 2]

@=§—%+%+mﬁ}——ﬂ——i

2 2 2
NXI+ Y4z

0, =0
0, =0

0, =0, -0,
0, =0, -0

Ta luu y khi r6-bdt dang ngudi chuyén dong thing, d& thy y» = y1va 6, = 6.

Hinh 6 cho thdy cic thong sé chinh quyét dinh dang di cta ro-bdt dang ngudi bao
g0m: vi tri Ps ctia hong, vi tri Po va P12 ctia gbt chan tréi va phai.

Trong ban ki 0<t<T, chén trai 4 chan try & chan phdi 1a chén budc. Do d6, Py ctia
g6t chan trdi dugc chon lam goc toa dg va cdc gié tri Ps, P12 clia hong va chén phdi can

duoc xac dinh.

Tuong tu, trong bén ki T<t<2T, chin phdi la chan try & chén trdi la chan budc.
Luc ndy, P12 ctia gbt chan phai duoc chon lam gbc toa dd va cac gia tri Ps, Po clia hong va

chéan trai can dugc xac dinh.

Cac két qué c6 dugce nhu sau:

P ()= [%j.sin(z [z‘ _ gj](u(t A7) ule-T))

T
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Py, (1) = —o(ult = 2T) - u(t - T))

P.(t) = H.sn{ ( R L, SD@(I —2T)-u(t -T))

Pl = (zjm{T(w—gﬁ@orww—r»

By, (1) = —a)(u( ) “(t - T))

mﬂﬁﬁm{(”*%wﬂ}<rw-m> @

Trong bicu thtre trén, »(?) 1a ham budc don vi va dugce xac dinh boi:

u(t)={ 1if >0 (5)

0 otherwise

GiA tri vi tri P¢ clia hong duge xac dinh nhu sau:

T T
B ()= (4) sm[T (r - En
P (0)=n sin(iz’- (sin(%) + 1)).sin(7r %j

PGz(t):(dl +d2 'h) (6)

Chu y, trong bén ki 0<t<T, 1 =t va trong ban ki T<t<2T, 1 =t-T.

Céc thong s0 co s& H, A, s va n dugce chon sao cho qui dao ZMP dugce bao dam ,
qua do giup ro-bot dang nguodi budce thang on dinh vai toc d0 mong muon.

Goi At 14 thoi gian 14y miu. Chu ki bude T cing At s& quyét dinh tde do bude di
cling nhu d6 min va do 6n dinh ctia déng di. Ti s6 (T/ At) chi sé 14n 14y mAu trong quing
1 chu ki buéc T. Véi (T/ At) thip, phin co c6 thé bi rung khi rd-bdt dang ngudi bude, din
dén nguy co rd-bdt dang ngudi d& bi mét dn dinh. Nguoc lai, cha dong dy (T/ At) 1én
qué cao, s& lam ro-bdt dang ngudi bude rit cham, do géanh ning tinh toan qué 16n. Vi thé,
T va At cling can dugc chon hét sirc cdn than. Ta dung thuét toan di truyén nang cao
(MGA) @& bao dam quy trinh t6i vu hoa bd théng sb bude di cia ro-bdt dang nguoi dat
két qua mi man.



1984

Téi uu héa bd thong sb bude di cia ro-bot dang ngudi dung thudt toan di truyén
nang cao (MGA). Trong giai doan SSP (Single Support Phase) cia budc di ro-bét dang
ngudi, thong sb # thé hién khoang dich hong theo phuwong y cin c¢6 d& doi diém ZMP tir
chan budc sang chan tru. Chon » quéa bé, khong chi gdy mét én dinh ma con 1am chén
budc (swing leg) khong nhic 1én duge. Nguoc lai, chon 7 quéa 16n lam dang di mét tu
nhién.

Thong s6 quing chin thép /4 clia chan tru (stance leg) s& quyét dinh do cao trong
tam CM khi di ctia rd-bét dang ngudi. Néu 4 bé, twong tung voi do cao trong tim CM
ting 1én, s& lam giam ving bién 6n dinh khi di cta ro-bbt dang ngudi. Thém vao do,
mdmen/cong sudt cdn c6 clia mb-to truyén dong & mat ca nhan try ciing phai ting. Vi thé,
thong s6 4 can dwgc chon phi hop dé déng di tw nhién, 6n dinh ma khéng cin tiang
momen/cdng suit cdn c6 ctia mo-to truyén dong & mét ca nhén tru.

Quang budc s va chidu cao nhic ban chin H khi chan budc ciing s& rat khac nhau
tiy theo dang di mong mubn. D& thdy, 2 thong s nay cang 16n, cang kho thuc hién.
Nguoc lai, 2 thong sb nay duoc chon qué bé, s€ lam ro-bbt dang ngudi di rit chim va
khong tu nhién.

Bang 1: Cai dit thong s6 cho thuét toan MGA

Thong S6 Gia Tri
D¢ dai nhiém sic thé 4
S6 luong dan sd 30
S lan lap 30
Sudt chuyén Vi 0,1
Suét hoén Vi 0,8

Céc thong s6 moémen/cong suit can c¢6 cho timg khép can duge xac dinh cin than
thong qua khao sat dong luc hoc (dynamics) ro-bét. Tuy vay, viée tinh toan dong lyc hoc
(dynamics) cho toan bd 12 khép ro-bdt dang nguoi s& rat phire tap va khong cén thiét.

0,05 <5 <0,13
0,001 £n<0,13
0,001 < H £0,13
0,001 £k <0,3

(7
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(8)

Ham chi phi (cost function) khi tinh t&i vu ding MGA xéc dinh boi:

7

0 =[xz, +y2, b ©)

0

Phoi hop tiéu chuan Q véi thong so chi€u dai budce chan s, ta x8y dung hai ham
can duogc cuc dai hoéa:

1
h= )
fr=s (10)
Cubi cling ta c6 ham chi phi quy chuédn khi tinh t&i wu ding MGA xéc dinh béi:
f: /?’fl _{_(l_ﬂ')fz (11)

f max f max
1 2

Dé tinh toan (11) trong timg 14n 1ap ctia MGA, vi tri (xzwmp, yzmp) ciia diém ZMP
cén duoc x4c dinh. Dau tién, dé x4c dinh (xcm, yom, Zom) clia trong tm ciia ro-bbt dang
ngudi, ta &p dung cac phép tinh thong dung sau [6]:

B E By
cm T
E m,
7

_Smp
ycm -
Z/ m;

P
O (12)
Z; m,

X

z

Pé xédc dinh vi trf (xzmp, yzwmp, 0) clia diém ZMP, ta ap dung cac két qua tir [10]:

B Zi m,P, P, —Z, mP, P, ZiMl‘y
xZMP =X + gz, ’ni * gZ/ l’l’l[
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_ Z n’lz zyP Z n/ZIPIZRy ZiMix
yZM/’ - ycm Z[ 771i gzl m,. (13)

Trong d6, Mix v Miy 1a momen phat sinh & ting khép khi quay chiéu theo phwong
X va y. Xét trudng hop ro-bét dang ngudi chuyén dong chim, dua theo [4], ta c6 thé gian
luoc con:

z }nl l,x})/ Z’/nz iz"ix
cm
gZ/mf

Z m, PP Z m,P,P (14)

y MP T y cm

Xap =X

Nhu vay, khai thic céc biéu thire (4), (6) va (14), ta xac dinh dugc vi tri (Xzvp,
yzmp, 0) ctia diém ZMP. Cu thé, ta x4c dinh dwoc timg thanh phin trong biéu thirc (14)
nhu sau:

Z m, P, =—(m, +2m, x, + m,d, cos(6, ).cos(8,)

iix

+ m3L.cos(6’1 ).cos(@, )+ m, (x, +d, cos(6, )cos(8, ) + m, (x, + L cos(é, )cos(@,))

S B, == moy =) -m 0+ )
+m,d,.sin(6, ).sin(@, )+ m, L(sin(6, )sin(6, ))
—m, (o +d, sin(6, )sin(8, ) — m, (Lsin(6, )sin(6, ) + )

> m,P, =m,Lcos(6, )cos(0, )+ md, cos(6, ).cos(6; )
+(my +2m,) P, +m,(z, -z, +d, cos(6, )cos(8, ) + m, (z, - z, + Lcos(6, )cos(8,))

> m = 2(m, +my +m,)+m, (15)

z m, PP, =m P, P, + (1712 +2m, )chjj /.
Pml2z + 1’1’13P P

m0x= m0z

+m P By, +my P,

ml2x

Z 771, iz IX ’7111932153): + (7712 + 2’”4)P62}'56r

+ ’”1sz1:';o,\- +my B, F,

mi2x

+myP . P

/110 x

Zm.P. P =m,P,, P, 4—(7712 +2m4)P P, ’

+m By, PlOy + ’773Pmlzszlzy +my P, PmOy

-10-
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Z,- ,ni]}iyf)iz =}111P3yP3z + (7714 )P6yP6:

W
+m, (5, = —2-)P62 +m, (B, —w) P, (16)

+ lan]OyPIOZ + ’713P/nl2mel2z + 7713PmOy

P,, = d, cos(0; )cos(®,)
P,, =d, sin(0, )sin(6,)
P,, = d, cos(6, ).cos(8,)
P =[p.5,.P.] (17)

B, =4, sin(@,, ).sin(6,, ) -

P, =z, -z +d,cos(d, ).cos(@,)

Py :[me»Plowaz]T (18)
POnlx = L COS(QB ) COS(QI )
By =1L sin(6, ).sin(6,)

POmz = LCOS(@l ) COS(82)

POm = [POIIL\"POIH)/ > POmz ]T (19)
‘P]2mx = xr - xl +L COS(QD ) 005(912 )
})]2111)1 = L Sin(eD ) Sin(eu )_ w

Py = LCOS(Hl ) 008(92)
P]2m = [P]2mx ’ Pl2my > ‘Pl2mz :IT : (20)

Két qua quy trinh t&i wu héa bd thong sb budce di ctia ro-bdt dang ngudi

Nhu véy, cudi cing dung cac biéu thie (15 — 20), quy trinh tdi wu hoa bd thong sb
bude di ctia ro-bdt dang ngudi ding thuét toan di truyén ning cao di x4c dinh dugc vi tri
(xzmp, Yzmp, 0) cla diém ZMP v6i d6 chinh xéc cao. Pdng thoi, v6i céc gid tri khac nhau
cta thong sb A, bd thong sb bude di tdi wu ciia ro-bbt dang ngudi [s, @, H, &, f] (ding
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thuat toan MGA tdi uu héa) da xac dinh duge. Mot vi du véi ro-bdt dang nguoi kich
thude nho, quy trinh t6i wu bd thong sb bude di cia ro6-bdt dang ngudi cho phép t&i uu bd
thong s6 bude di [s, @ H, b, f] dugc trinh bay trong bang 2 sau:

Bang 2
Trong s6 & | Chiéu dai | Khoang dich P cao Khoang gip | Gia tri tbi

budce s (m) | hong tdi dan | nhic chan | cia chin tru h wu cia

(m) toi da H (m) ham chi
(m) phif
0,10 0,125 0,128 0,010 0,022 0,944
0,15 0,130 0,109 0,014 0,020 0,965
0,20 0,124 0,130 0,006 0,017 0,924
0,40 0,119 0,105 0,018 0,016 0,903
0,60 0,105 0,112 0,013 0,016 0,857
0,90 0,057 0,127 0,017 0,018 0,937
1,0 0,055 0,125 0,026 0,010 1,000

Nhirng lgi ich ¢6 thé dat duoc

Giai phap hitu ich dé xuét phuong phép va xdy dung quy trinh t8i wu hoa bd thong
s6 bude di cua ro-bdt dang ngudi ding thuét toan di truyén nang cao (MGA) lan ddu
duoc dé xuét giup khic phuc duge nhiing thiéu sét da ton tai trude diy gin voi yéu cu
bude di dn dinh va téc d6 bude di chinh dugc cua ro-bdt dang nguoi. Pé dat dugc muc
dich d6 Giai phap hiru ich d& xuét xay dung quy trinh t&i vu héa bd thong sb bude di cua
rd-bét dang ngudi voi nhitng déng gdp méi nhu sau:

Két qua bd thong s budce di tdi wu ctia r6-bdt dang ngudi ¢6 dwoc tir quy trinh tbi
uru hoa bd thong s6 bude di ciia r6-bbt dang ngudi ¢6 thé duoc nhung true tuyén thoi gian
thuc 1én céc ro-b6t dang ngudi ding trong cong nghiép va gia dung, gitp chung bude di
4n dinh voi tde d6 bude di hiéu chinh dugc.

Két qua bd thong sb bude di tdi uu cia ro-bét dang ngudi co duge tir quy trinh tdi
uu hoa bo thong sd bude di cua ro-bdt dang ngudi ¢é thé duge dung dé thir mo phéng va
thuc nghiém cho céc ro-bdt dang ngudi véi moi ¢ thip — vira - cao, qua d6 chon lya
buéc di linh hoat va 6n dinh véi toc do budc chan diéu chinh dugc.

-12-



LDT248
Textbox
bước đi linh hoạt và ổn định với tốc độ bước chân điều chỉnh được.


1984

TAI LIEU THAM KHAO

1. M. Vukobratovic, B. Borovac, D. Surla and D. Stokie, BipedLocomotion: Dynamics, Stability, Control
and Application (Springer-Verlag, Berlin, 1990).

2. F. Yamasaki, K. Hosoda and M. Asada, “An Energy Consumption Based Control for Humanoid
Walking,” IEEE/RSJ International Conference on Intelligent R6-bots and System (IROS) (Switzerland,
Sept. 30-Oct. 5, 2002) Vol. 3, pp. 2473-2477.

3. Kyung-Kon Noh, Jin-Geol Kim and Uk-Youl Huh, “Stability Experiment of a Biped Walking R6-b6t
with Inverted Pendulum,” 30th IEEE Annual Conference of Industrial Electronics Society (USA, Nov. 2—
6,2004) Vol. 3, pp. 2475-2479.

4. S. Kitamura, Y. Kurematsu and M. Iwata, “Motion Generation of a Biped Locomotive R6-bt Using
an Inverted Pendulum Model and Neural Networks,” IEEE Conference on Decision and Control (USA,
Dec. 5-7,1990) Vol. 6, pp. 3308-3312.

5. Hun-ok Lim, Y. Yamamoto and A. Takanishi, “Control to Realize Human-Like Walking of a Biped
Humanoid R6-bét,” IEEE International Conference on Systems, Man, and Cybernetics (USA, Oct. 8-11,
2000) Vol. 5, pp. 3271-3276.

6. S. Kajita, F. Kanehiro, K. Kaneko, K. Fujiwara, K. Harada, K.Yokoi and H. Hirukawa, “Biped
Walking Pattern Generation by Using Preview Control of Zero-Moment Point,” IEEE International
Conference on Ro-botics and Automation (ICRA)(Taipei, Sept. 14-19, 2003) Vol. 2, pp. 1620-1626.

7. T. Sugihara, Y. Nakamura and H. Inoue, “Real-time Humanoid Motion Generation Through ZMP
Manipulation Based on Inverted Pendulum Control,” ICR4 (USA, May 11-15, 2002) Vol. 2, pp. 1404—
1409.

8. S. Kitamura, Y. Kurematsu and M. Iwata, “Motion Generation of a Biped Locomotive Ro-b6t Using an
Inverted Pendulum Model and Neural Networks,” IEEE Conference on Decision and Control (USA, Dec.
5-7,1990) Vol. 6, pp. 3308-3312.

9. M. Cao and A. Kawamura, “A Design Method of Neural Oscillatory Networks for Generation of
Humanoid Biped Walking Patterns,” ICRA (Belgium, May 16-20, 1998) Vol. 3, pp. 2357-2362.

10. A. Dasgupta and Y. Nakamura, “Making Feasible Walking Motion of Humanoid Ro-bdts from
Human Motion Capture Data,” ICR4 (USA, May 10-15, 1999) Vol. 2, pp. 1044-1049.

-13-



1984

11. Sang-Ho Choi, Young-Ha Choi and Jin-Geol Kim, “Optimal Walking Trajectory Generation for a
Biped R6-bét Using Genetic Algorithm,” JROS (South Korea, Oct. 17-21, 1999) Vol. 3, pp. 1456-1461.

12. Z. Tang, C. Zhou and Z. Sun, “Humanoid Walking Gait Optimization Using GA-Based Neural
Network,” International Conference on Natural Computation (2) (/CNC(2)) (China, 2005) pp. 252-261.

13. F. Arakawa and T. Fukuda, “Natural Motion Trajectory Generation of Biped Locomotion R6-bdt
Using Genetic Algorithm Through Energy Optimization,” IEEE International Conference on Systems,

Man, and Cybernetics (China, 1996) Vol. 2, pp. 1495-1500.

-14-



1984

YEU CAUBAO HOQ

1. Quy trinh t6i wu héa bd thong sb bude di cia rd-bdt dang ngudi dung thudt toan di
truyén ning cao (MGA), quy trinh ndy duogc thuc hién trén mot thiét bi tinh toan c6 nang
luc tinh todn phil hgp, quy trinh nay bao gdm cac budc sau:

xdy dung dong hoc nguoc cho r6-bdt dang ngudi 12 bac ti do (dof) dua trén nhom
thong sé dic trung, cu thé:
i) xac dinh c4c rang budc co ban clia dong hoc nguge ro-bét dang ngudi 12 bac tu do
dwa trén nhém thoéng sd dic trung 13 vi tri Po, Ps va P12 cia 3 khép nén tang
theo biéu thie (1),
X, =By =Foe» ¥ ==Fy, z,=F, - F,,

xl"—_Ple_Pé.\" y/':_P6y5 Zr=P12z—P6z5 (1)
tir cdc thong sd toa dd (xi, yi, z1), (Xr, Vi, zr) clia hong so v6i gbe toa do 1a mét ca
chéan tru (trdi) va chan budc (phai),
ii) x4c dinh 4 goc quay 04, 08, Oc, Op ctia 4 khép chinh theo biéu thic (2),

2, g2 2 2 2
di +d; —x -y "Z/}

0, =cos™
2d.d,

—_

0, = cos

d, sin(6,)
BRI

M 42 2 2 2 2
9C=COS_1 d] +d2 —X, _yr_Zr:|

2d,d,

I d, sin(6,)
X+ Yl + 2

trong d6 d; 14 chiéu dai tir khép hong dén khép gbi va d> 1a chidu dai tir khép gbi
dén ban chan cta ro-bdt dang nguoi,

6, =cos

2)

iii) xdc dinh dong hoc nguge thé hién qua 12 goc quay [01, 02.., 012]T cia toan bd 12
khép ctia r6-bdt dang ngudi theo bidu thire (3),

0, =tan™ (&)
Z
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0 = -6,
0, =-6,
0, =n-06,
O =7 -6,

95=%—8A+6’B+sin'l{ al

X+ Y +2] |

@:%—%+@+mﬁ{ al
0,=0

0, =0

0, =0, -0

6, =6, — 6

2 2 2
XY+ ]

1984

(3);

t6i vu hoa bo thong sb bude di cta ro-bdt dang ngudi dung thuat toan di truyén nng

cao (MGA), cu thé:

i) xéc dinh tdm cho bd 4 thong sé dic trung quyét dinh dang di ro-bdt dang nguoi
bao gébm khoang chan bude s, khoang dich hong, khoang chun than h va khoang nhéc cao
ban chan ctia chan quing H theo biéu thirc (7),

0,05 <5<0,13

0,001 €£n<0,13
0,001 < H £0,13
0,001 <h<0,13

(7

ii) cai dat thong s6 cua thudt toan di truyén néng cao (MGA) theo bang 1 va van hanh
thuat toan di truyén nang cao (MGA) dung dé t6i wu bo thong sb bude di coa ro-bot dang

nguoi,

iii) x4c dinh ham chi phi (cost function) khi tinh t&i wu bd 4 thong sé ddc trung ding
thudt toan di truyén ning cao (MGA) theo cic biéu thirc (9), (10) va (11),
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ham chi phi (cost function) khi tinh t&i wu ding MGA xéc dinh boi:

~

0={(x2, +y2, ©)

o —y

phoi hop tiéu chuadn Q véi thong s6 chiéu dai bude chan s, x8y dung hai ham can
dugc cuc dai hda:

1
h= )
fi=s (0
cudi cung, ham chi phi quy chudn khi tinh t6i vu ding MGA xac dinh béi:
r- 2 A an
N A

iv) xdc dinh vi tri (xzwme, yzme, 0) ctia diém ZMP trong timg vong ldp khi vAn hanh
thuét toan di truyén ning cao (MGA) theo cac biéu thirc ding céac biéu thire tir (12) dén
(20) dé kh'flng dinh chét lugng bude di dn dinh cua bd thong sb duoc ti wu,

trong d6 dé xac dinh (xcm, yom, zem) cla trong tam ctia ro-bot dang ngudi, cin 4p
dung céac phép tinh thong thuong nhu sau:

_ Z,‘ niiPI'x
xcm -
S,
i

_ Zi miPiy
ycm -
S m,
i

P
LA (12)
Zi m;

trong d6, Pi(Pix, Py, Piz) 1 toa dd tuong (mg clia tmg khép truyén dong, va

z

dé xdc dinh vi tri (xzmp, yzmp, 0) ctia diém ZMP, can ép dung cac két qua:

- Zf miPixpiz - Z/‘ m"RZPL" Zi M,
Yomp = Xom + gzt m, ’ gZi m
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E m, P P, E m,P, P E M,
> = I 3
Yaupr = Vem + Z,-mi gz,-lni (13)

trong d6, Mix va Miy 1a mdmen pht sinh & ting khép khi quay chiéu theo phuong
X vay, xét trudng hop ro-bdt dang ngu(‘yi chuyén dong cham, c6 thé gian lugc con:

Z m, sz Zlnz iz" ix

Xovp = Xow T
D
Z m. P Z m. P
_ ity /z itz /y
yZMP - ycm (14)
g Zi m

khai théc cac bidu thire (4), (6) va (14), x4c dinh dugc vi tri (xzmp, yzmp, 0) cla
diém ZMP, cu thé 1a x4c dinh dugc ting thanh phan trong biéu thirc (14) nhu sau:

Z m, P, =—(m, +2m, )x, + m,d, cos(6, ).cos(8,)

+m,L.cos(6,).cos(8, )+ m, (x, +d, cos(6, )cos(8, )) + m, (x, + L cos(6, )cos(8, )

Z m,P/y =—myy, -, (% +y,)-my (a) + y/)
+myd,.sin(6, ).sin(8, )+ m, L(sin(6, )sin(8, )
—m, (o +d, sin(8, )sin(8, ) - m, (Lsin(6, )sin(8, )+ )

> m,P, =m,Lcos(6, )cos(@, )+ m,d, cos(6, ).cos(0,)
+(my +2m,) Py, +m, (2, —z, +d, cos(6, )cos(8, ) +m, (z, — z, + Lcos(6, )cos(8,))

mei =2(m, +m, +m,)+m, (15)

Z m,P,P, =m P, P, +(m2 +2m4)P6xP'z
+m Py By, +mP, P +mP P

mi2x mOx* m0z

Zm.P P =mP,P, + (m2 +2m, )PGPM
+m,P,, P

m0z* mOx

+m ])10 PIO,\ + ’113]3/7112213

ml2x

Z m, b, P, =m P, P +(n12+21114)P ]3

3y
+m,P, P

+7711PlO P]Oy +7713Pml2 P m0z= mOy

ml2y
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Z/ n/lljjiyj:‘;z =Ian P'32 + (’714 )PGyPGZ

sy
+my (B, - %)P‘GZ +m, (P, -w)B, (16)
+m, P, B, + 3Py, B, + P, B,

P,, = d, cos(@; ).cos(®,)

Py, =d, sin(9,)sin(6),)

P, =d, cos(6,).cos(6,)

r=[r.p,.BJ (17)
Py, =d, sin(0, )sin(6,,)-

P, =z, -z +d,cos(6, ).cos(d,)

A A (18)
P.=L cos(@B ).cos(6,)

P, = Lsin(6,)sin(6,)

P,,. = Lcos(6,).cos(6,)

Pu = [Ponss Pony s Puns | (19)
P,,. =x, —x, +Lcos(6),).cos(,,)

Py, = Lsin(@, )sin(6,,)—w

Py,: = Leos(@)).cos(8,)

Py =[Panes Bamy» Pows | (20)

v) thay ddi gia tri trong s§ A ¢6 trong ham chi phi (cost function) cho cic 1an vén
hanh thuat toan di truyén nang cao (MGA) va tap hop két qua gid tri cac bo thong sb tdi
wu dé diu khién dn dinh budc di cia rd-bdt dang nguoi.
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