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Abstract

The design of humanoid robot gaits is to make the robot walk naturally and save consumed energy. Up to now it
is still a difficult problem since the current technology has not yet reached the biological objects that are
extremely complex in terms of structure and sophisticated in operation. The paper proposes a new method to
optimize the gait design for humanoid robots that allows stable walking with pre-set foot lifting magnitude.
Modified Differential Evolution algorithm is applied to optimize the gait parameters to help humanoid robot
walk steadily. The efficiency of the proposed method is compared with the GA and PSO algorithm. The
simulated and experimental results carried out on the small-sized humanoid robot (HUBOT-5) prove that the
proposed algorithm offers an efficient and stable gait for humanoid robots with accurate height lifting
magnitude.
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Tém tat' Chir viét tit

Hoach dinh dang di cta robot dang ngudi nhim lam  MDE Modified Differential Evolution
cho robot di dugc mot cach tu nhién va tiét kiém nang GA Genetic Algorithm

lwong tiéu thu. Cho dén nay ddy van la bai toan kho ~ PSO Particle Swarm Optimization
do k¥ thuét hién tai chua tiép can duoc cac ddi tugng  ZMP Zero Moment Point

sinh hoc vo cing phtrc tap vé két cau va tinh vi trong ~ BTD Béac Tu Do

hoat dong. Bai bao nay dé xuat phuong phip méi t6i

uu hoa mot sd thong sé déng di cho robot dang ngudi 1. Giéi thiéu

cho phép bude di 6n dinh v6i dd nhac chan duoc cai
dat truge. Thudt toan tién héa vi sai cai tién (MDE)
duogc st dung dé tdi wu cac thong sb dang di giap
robot dang ngudi budc di on dinh. Hi€u qua cua
phuong phap d& xuat duoc so sanh véi ki thuat tdi uvu
dang di dung thuat toan di truyén (GA) va thuat toan
bay dan (PSO). Két qua md phong va thuc nghiém
trén robot dang nguoi kich thudc nho chung to thuat
toan dé xuét bao dam dang di 6n dinh cho robot dang
nguoi voi do nhic chan chinh xéc.

Budc di cia ngudi luén an chira nhiéu bi an ma cho
dén nay cac mau robot dang ngudi di bang hai chan
van chua thé hién hét dugc. Chinh vi thé, cac nghién
ctru danh cho co ché bude di cua robot dang ngudi
dang duoc phat trién theo nhiéu huéng khac nhau.
Mot s6 tiéu chuén da duoc ap dung cho robot dang
nguoi dé bao dam budce di on dinh va ty nhién. Budc
di tinh (static walking) 1a nguyén 1y dugc ap dung dau
tién, trong d6 hinh chiéu thang dung cua kh01 tam
(CoM - center of mass) xudng mit dat luén nam trong
long ban chan chdng (supporting foot); néi cach khac,

Ky hi¢u . robot dang ngudi co thé dimg lai tai moi thoi diém lic
Ky hi¢u bon vi Y nghia budc di ma khong bi ngd. Véi ban chat don gian,
d; cm Chiéu dai giira cac khop nguyén ly nay ap dung hiéu qua cho robot dang ngudi
m, gam Khéi lugng cac khau co t(”')q d9 di cham, qua d6 cac hiéu ing dong luc hoc
0 rad Céc goc quay 6 2 chan cé theAbo qua [1-21. Sa}i do, cac nha nghlen cuu bgt

! ] O . dau tap trung phat trien budc di dong (dynamic
S, H, h,n  cm Céc tham s0 dang di walking) [3]. Phuong phap nay cho phép robot dang

P(x,y,z) cm Toa do céc khép neudi dat tde do bude di nhanh hon. Tuy nhién, trong
qua trinh robot dang nguoi thyc hién budc di dong,
robot ¢6 thé bi ngd do anh huéng ciia nhidu moi
truong va khong thé dung d6t ngot. Vi vay, bude di
dua trén nguyén ly ZMP (ZMP-based walking) dugc
dé xuét [4-5].

! Ngay nhan bai: 16/03/2018; Ngay nhdan ban sia:
15/05/2018; Ngay chdp nhdn: 06/06/2018; Phdn bién:
L& Hoai Qudc, Pao Van Hiép
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Gan day, mot sb nghién ctru tp trung cai thién
hiéu qua cho dang di ctia robot dang nguoi. Huang
trong [6] gi6i thiéu dang di 6n dinh str dung bo phat
dang di dung ham ndi suy. Phuong phap nay dugc D.
Huan phat trién, thong qua thuat toan GA, dé tbi wu
bd phat dang di gitp robot dang ngudi budc di 6n
dinh v6i ndng luong tiéu hao it [7]. Dip va cOng sy [8]
gi6i thidu dang di 6n dinh voi van toc khong doi sir
dung by phat dang di ham sin. Céc thuat toan dugc ap
dung trong phuong phap nay dé t6i vu bo phat dang di
cho robot dang ngudi nhu thuat toan di truyén (GA)
[8], thuat toan t6i wu bay dan (PSO) [9]. Shaffi trong
[10] gi6i thiéu robot dang ngudi dat dang di bén ving
nhd st dung bo phat dang di dung chudi Fourier.
Phuong phép nay st dung cac thuat toan dé phat trién
bd phat dang di cho robot dang ngudi, nhu thuat toan
t6i wu dan ong [11], bo didu khién T-S md [12], thuat
toan tinh toan tién héa [13]. Ddc biét, theo hiéu biét
cta ching toi thi tiém ning rat manh cta giai thuat
tién hoa vi sai (Differential Evolution — DE [15]) cho
dén nay van chua duoc ap dung dé t&i wu bo phat
dang di cho robot dang ngudi theo hudéng Dip[8]. Son
va cong su [16-17] @& xuét thuat toan MDE dua trén
DE ban dau st dung hiéu qua trong viéc xac dinh
thong sb cua hé théng MIMO véi téc do tinh toan
nhanh va kha nang thoat khoi cyc tri cuc bo.

Dua trén cac két qua da dé cap o trén, bai bao dé
xuit bd phat dang di cho robot dang nguoi dua vao
thuat toan tién hoéa vi sai cai tién (MDE-Modified
Differential Evolution [16,17]), dua theo phuong phap
budc di dong, va sur dung tiéu chuén ZMP [18] dé duy
tri su On dinh. Thuét toan MDE cho phép thu dugc két
qua tot lién quan dén tinh chic chin, kha ning hoi tu
cao, gia tri ham muc ti€u tdi thiéu thép va dat hiéu qua
cao hon so véi thuat toan t6i héa wu bay dan (PSO) va
thuat toan di truyén (GA).

Két qua mo phong va thyc nghiém cho thdy s
dung thuét toan MDE cho phép tdi uu héa cac tham
s6 dang di dé robot dang ngudi dat dang di 6n dinh
véi d0 nhic chan chinh xac. M6 hinh robot dang
ngudi kich thude nho (HUBOT-5) duoc ding dé kiém
chimng cac két qua thong qua thuc nghiém.

2. M6 hinh robot dang nguoi
Robot dang nguoi kich thudéc nhé (HUBOT-5) co
than trén va hai chan nhu mé ta trong H. 1. Mdi chan
¢6 khau dui, khau cang chan, khau ban chéan véi tong
cong 6 bac ty do (BTD) gém 3 BTD & khép hong, 1
BTD & khop gbi va 2 BTD & khép c¢b chan. HUBOT-
5 ¢6 thé bét chude dong tac di bo ciia con ngudi theo
mat ding ngang (YZ-Frontal View) va mat ding doc
(XZ-Sagittal View). Téng khéi luong cia HUBOT-5
khoang 1,5 kg (gém thiét bi truyén dong, cam bién, bd
diéu khién va khuyéch dai) va cao khoang 50cm.
HUBOT-5 dugc thiét ké dam bao cau tric dong hoc
day du, mdi BTD twong tng véi 1 bd truyén dong doc
1ap. Bong co Servo DC loai HD-1501 cta hang Power
HD (www.chd hk) duoc st dung lam phan tir truyén
dong. Uu thé ndi bat cua dong co HD-1501 1a nho
gon va nhe (60 gam) vi momen xodn cao (1.7 N.cm).
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Tin hi¢u di€u khién dong co servo dugc gtri tir Vi diéu
khién Arduino.

H.1 Hinh anh mé ta robot nguoi HUBOT-5 voi 12 (BTD)

Nghién ctru nay quan tim dén bai toan diéu khién
robot dang ngudi budc di thing nén than trén cua
robot ngudi dwoc gitt ¢b dinh va chi diéu khién than
dudi ¢6 10 dong co ¢ hai chan vai 10 goc quay tuong
asi (0,,9,,0,,0,,6;,0,,0,,0,,0,,6,) dugc dinh
nghia nhu trong H. 2. Vi tri cua cac khép (P, P, Ps,
P,, Ps, Ps, P;, Pg, Py, Pjy) cling dugc dinh nghia nhu
trong H. 2.

Mat dimg ngang

Mat d&img doc
H.2 MG hinh két cdu robot ngwoi HUBOT-5

Tam gidi han cua 10 goc quay duge xdc dinh dya
trén kha nang thuc té cia HUBOT-5 nhu trinh bay chi
tiét trong bang B.1.
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B.1 Gioi han goc quay

Géc Mitphing Chan  Khép Gia tri

0, Yz Phai  Cdchan -20°to 20°
0, Xz Phai  Cdchan -30°to 30°
0, Xz Phai  Gbi -30° to 30°
0, Xz Phai  Hong -30%to 30°
0, Yz Phai  Hong -20° to 20°
0, Yz Trai Héng -20% to 20°
0, Xz Trai Héng -30° to 30°
b, Xz Trai Gbi -30% to 30°
0, Xz Trai  Cdchan  -30°to 30°
6, YZ Trasi ~ Cochan  -20"to 20°

3. Quy hoach dang di cho robot dang

nguoi HUBOT-5
Bén tham s6 quan trong cua robot dang ngudi giup
budc di 6n dinh bao gdm S-chiéu dai budc chan [cm],
H-d6 nhic chan [cm], A-dd khuyu gbi [cm] va n-dd
lic hong [cm] dugc minh hoa trong H. 3. Trong do, d,
1a chidu dai than trén_d, 1 khoang cach giira 2 diém
P;va P, d, 14 khoang cach giita 2 diém P,va P3, d; 1a
khoang cach gitia 2 diém P;va Py, d,1a khoang cach
giita 2 diém P, va Ps.

dr+drrditdrh{

Pio

Pi

S
Mat dimg ngang Mat dimg doc

H.3 Bon tham sé anh hwong dén dang di robot nguedi
HUBOT-5

Nhu chi ra trong hinh H. 3, quy dao hong P, = [

R., B, P.] v quy dao cb chan R=[R,, P,
P_] cua chan tru, quy dao co chan P,= [P, , Ry,

B,. ] ctia chan di chuyén s& phy thudc vao 4 tham sé
(S, H, h, n) trong ca mat dung ngang (YZ-Frontal
View) va mat dung doc (XZ-Sagittal View) [8]. Quy
dao B, P, , B, la nhling ham phy thudc thoi gian va co
dang sin, thé hién qua cac cong thirc (1), (2) va (3)
(xem thém & [14]).
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S |7 T

P (1)==sin|— ——] Ju(t —2T) —u(t —T)]
2 |1 2

P (1) = wlu(t—2T) —u(t— 1)

= Hsin Ju(t —2T) — u(t — T)]

(M

—_ ti_
2 T 2

—w.lu(t) —u(t—T)]

fu(t) —u(t —T)]

P
P, (t) = Hsin w.['“—(t)Jr 0.5 ||.[u(t) —u(t — T)]
S
2)
P, (t) = £sin 2[71 J,
h 4 T 2
Riyiﬁr.rr?ha/f‘?gwle (t> = nsin ET] u(T) ”[7—1]
T T T
+ncos —[T——] u T——]—M(T—T) ,
T 2 2
PSy <t> = I:;y,ﬁmf/m//‘ﬁm (t)[“(t) —u(t—T)]

- PSyfﬂrst?hu[/;cycle (t)[u(t - 2T) - u(l - T)]’

P (d,+d,+d,+d,—h).

(1) =
(3)

Trong do: T 1a thoi gian thyc hién 1 budc di ctua
robot dang nguoi, w 1a khoang cach gitra 2 chan, / do
khuyu goi

{t néu0<r<T 0 néur<0
T= I 7u(t): -
t—T néut>T 1 néut>0

Dua vao céc cong thue (1-2-3), quy dao hong va
quy dao cb chan cua chén try, quy dao ¢ chan cua
chan di chuyen duogc st dung dé tao dang khi di cho
robot dang nguoi.

Vai tro cua 4 tham s6 (S, H, h, n) anh huéng dén
dd 6n dinh duoc thuc hién nhu sau: 10 bo tham s
dang di dugc chon nhu B.2, sau d6 tim quy dao ZMP
trong 1 chu ky twong tmg véi timg bd tham sé. H. 4
minh hoa 10 quy dao ZMP va GCoM (hinh chiéu
CoM xudng mit dét) twong ung v6i 10 dang trong
B.2.

B.2 Théng sé ciia 10 dang di

Dang S(mm) H(mm) h(mm) n(mm)
1 200 60 15 150
2 200 60 15 10
3 200 60 6 50
4 200 60 15 50
5 50 60 15 150
6 50 60 15 10
7 400 60 10 10
8 400 60 15 150
9 50 30 10
10 400 10 10
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H.4 10 quy dao GCoM va ZMP

Cudi cung, quy dao cia 10 goc quay & 2 chan
robot dang nguoi trong 1 chu ky budc di c6 thé xac

dinh dya vaoR= [P, R

x> %1y

va R,= [R,,, R, ,F,. ] Bai toan dong hoc

R.], B=1[h,, B, P.]

Sx255y27 5z

ngugc

robot dang ngudi c6 thé dugc giai bang phwong phép
giai tich hodc phuong phap s6 hodc phuong phap hinh
hoc. 10 goéc khdp quay & 2 chan cta robot dang nguoi

HUBOT-5 duogc xac dinh nhu cong thic (4).

0,(1)=m—0,(1), O(t)=m—0.(1)

%—9/, (1)+6,(2) —arcsin[

b%
—
~
~—
|

Trong do:

yi(0)s2(0), (), 2, (£).0,().05 (1)
Oc (1):0, (1), (1), x, (1), (1)1, (¢)

(#)

6, (1) = arctan y 8 . 0,()=—6,(1)
0,0 (¢) = arctan Jz}: ((;)) . O (1)=—0,,

tai thoi diém ¢ xac dinh, duoc dinh nghia nhu H. 5 va

cong thuc (5). Luu y, /, 1a khoang céch gifra
P, , trong khi / 1a khoang cach gitta P, va P,.

P, va
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dy +d; —I} d,sin(0
0, = arccos| =————"|, 0, =arccos|— ©.)
2d,d, }
d>+d> =TI d, sin(0
6. = arccos| =———"|, 6, = arccos 3—(C)
2 2d3 l[

©)

Mit dimg ngang

Mit dimg doc

H.5 Dinh nghia cdc bién trong cong thirc (4)

Trong do: d,, d,, d,va d, dugc minh hoa trong
H.3.Toa dd P, (x,y,z) dugc tinh dya vao P, (x,y,z),

con toa do [A(xyz), PB(xyz), PB(xyz),

F, (x,y,z)] dugc tinh dua vao [ A, (x,y,z) , P, (x,y,z) R

P, (x,.z), By (x,y,z) ] va cac goc quay [6,, b5, 6,
0,, 1. Cong thic (6) dudi day dugc sir dung dé tinh P,

» B, BB

. B
P, P =dcos(9), P =P sin(6),
P. P =P —dcs(0),

P —(p —P )sin(0),

P, P =P -w P =P,

P P =B —dos(g,). ©

sin(6), ).

Dua vao cac cong thic (4-5-6), 10 quy dao goc

quay O hai

chan cua robot dang nguoi HUBOT-5

trong 1 chu ky budc di duoc sir dung dé diéu khién
budce di.
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Nhu vay bd bdn tham sb H, h, s va n cAn duoc lua
chon sao cho robot dang ngudi ¢6 thé bude di 6n dinh
v6i d6 nhic chan duge cai dat trude. Bai bao st dung
giai thuat tién hoa vi sai cai tién (MDE-Modified
Differential Evolution) dé giai quyét thoa dang yéu
cAu trén.

4. Toi wu tham so dang di sir dung thuit
toan tieén héa vi sai MDE

4.1 Giai thuat MDE
Thuat toan MDE dugc phat trién dua trén thuat toan
DE trong [15] do Storn va Price dé xuit vao niam
1997. Thuat toan DE gém 5 budc nhu sau: khéi tao,
dot bién, lai ghép, chon loc, hoi tu. Ma code thyc hién
thuat toan tién hoa vi sai co ban dugc md ta nhu B.3.

B.3 Pseudo-code of DE

1. Begin

2. Initialization

3. Evaluation

4. For G=I to GEN do

5. For i =1 to NP do

6. Jrana= randint(1,D)

7. Select randomly 7, =7, =1, =1
8. Forj=1to D do

9. If rand[0,1] < CR or j == jiang
10. Ui g = Xn,6 T FX (xrz,j,c _xrlj,G)
11. Else

12. Ui jcr1 = Xijc

13. End if

14. End for

16. Xi.GH U ,G+1

17. Else

18. A_}i,GH = )?i,G

19. End if

20. End for

21. End for

22. End

Dot bién dong vai trd quan trong trong kha ning
tim kiém va téc do hoi tu ciia DE. C6 bén 4 kiéu dot
bién da duoc gidi thiéu cho DE v&i cac muc dich khac
nhau. Vi du, v6i cic kiéu dot bién rand/1, DE tim
kiém toan cyc rat mang nhung yeu trong tim kiém cuc
bd phuong. Sau do, hoi tu voi két qua t6i wu toan cuc.
Déi voi kiéu dot bién best/1, DE tim kiém cuc bo rat
tot, nhung bi han ché khi tim kiém toan cuc. Do do,
dé dang roi vao cac Kkét qua t6i wu cuc bd [21]. Dya
trén cac phén tich trén, Son va dong nghiép da dé xuat
MDE cai tién [16-17] nhu sau: dot bién cua DE duoc
sira d6i bang cach két hop hai kiéu dot bién rand/1 va
best/l v6i nhau dé tao vecto dot bién thay vi chi sir
dung mét kiéu dot bién hodc rand/1 hodc best /1 nhu
DE co ban. Cai tién nay nhiam muc dich can bang
gitta tham do toan cyuc va kha nang tim kiém cuc bd.
Kiéu dot bién méi dugc mé ta nhu sau:
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If rand[0,1]>0.3

v, =x, +F(x, —x,)
else

V; =Xy T F(x, —x,) %% use"best/1"

End

Tir co ché trén, co thé nhan ra rang ddi voi mdi
vector dot bién, chi mot trong hai kiéu dot bién duoc
ap dung, tuy thudc vao gia tri ngiu nhién dugc phan
bd déu trong pham vi [0,1]. Péi véi mdi vector dot
bién, néu gia tri ngdu nhién 16n hon 0.3, thi rand/1
duoc thuc hién. Nguoc lai, best /1 dugce thuc hién. Do
d6, bat ky mot vée-to me & thé hé hién tai thi mot véc-
to dot bién twong rng ludn thyc hién chién luoc da dé
xuit dé c6 co hoi nang cao kha ning tham do toan cuc
va khai thac cuc bd.

Trong nghién ctru nay, ching toi nhan ra rang ty 1
0,7 /0,3 cho rand/1 va best/l 1a mot gia tri cAn bang
t6t cho ca thdm do toan cuc va kha nang khai thac cuc
bo. Hé so dot bién (F) va xac xuat lai ghép (CR)
khong co dinh nhu trong tiéu chuin DE, chung duoc
tao ngau nhién trong pham vi [0.4, 1] va [0.7, 1],
tuong Gmg. Cac tham s6 nay dugc gidi th1eu tir [22] dé
cai thién kha nang tim kiém ciia MDE-BP theo nhiéu
hudng tim kiém khac nhau.

Mai code cia MDE dugc phat trién boi Son va
ddng nghiép trong [16-17] duoc md ta trong bang B.4.

% use"rand /1"

B.4 Pseudo-code of gidi thudt tién héa vi sai cdi tién MDE

1. Begin

2. Initialization

3. Evaluation

4. For G=1 to GEN do

5. For i =1 to NP do

6. Jrang= randint(1, D)

7. F =rand[0:4; 1:0], CR = rand[0:7; 1:0]
8. Forj =1 to D do

9. If rand[0,1] < CR or j == jiq then

10. If rand[0,1] > threshold then

11. Select randomly 7 =7, =1, =i
12. U 611 = X6 +F(xr2,j,G _xr3,j,G)
13. Else

14. Select randomly 7 = r, = best = i
15. Uy 641 = Xoestyg T F(xrl,/',G _xr2,j,G)
16. End if

17. Else

18. U jor1 =Xjc

19. End if

20. End for

21. If f( IGH) f()?,.‘G) then

22 Xx,G+l Uz G+1

23. Else

24. )?i,GH = ‘X/[,G

25. End if

26. End for

27. End for

28. End
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4.2 Xay dung ham muc tiéu

Dé danh gia cac tham sé dang di robot dang ngudi
phai dinh nghia dwoc ham muc tiéu. Muc tiéu didu
khién robot dang ngudi HUBOT-5 14 nhim dat dang
di 6n dinh véi do nhic chan duoc cai dat trude. Mudn
thé, diém ZMP lu6n nam bén trong dién tich ciia ving
chan tru [18].

Khi hai chan cham dat thi dién tich vung chan tru
la dién tich bao quanh cda 2 ban chan cua robot dang
nguoi, va khi 1 chan cham dét thi dién tich vung chan
tru 1a dién tich cua ban chan cham dat. Dién tich ving
chan tru trong hai truong hgp trén dugc minh hoa
trong H.6.

Néu ZMP nam trong ving dién tich ving chan try
thi robot dang nguoi khong bi nga [19]. Bai toan tinh
toan quy dao ZMP trong qua trinh robot dang nguoi
budc di dugc trinh bay trong muc 4.3.

Tinh 6n dinh cia robot dang nguodi dugc dinh
luong boi khoang cach cia ZMP va tam cta ban chan
tru trong chu ky budc. Cac dang di bd véi tinh on
dinh t6i da thu duoc bang cach tdi thiéu hoa ham £, &
cong thuc (7) [8]:

(A) (B)

]

H.6 Dién tich ving chdn tru trong 2 trwong hop:
(a) 2 chan cham dat, (b) 1 chdan cham dat

T
A :f(\jxéMP +y§MP )dt
0

trong do: T'1a thoi gian thuc hién 1 budc di va (x,,,,

()

Vup) 12 toa d ciia diém ZMP trong qua trinh robot
ngudi thue hién budce di so voi goc toa do dat tai tam
ban chén try. Cong thirc (7) la ham muc tiéu thr 1.
Ngoai ra, d¢ robot dang ngudi bam sat gia tri d6 nhac
chén da cai dat — H,, thi sai 1éch d¢ 16n cua tham )

rej

d6 nhéc chan — H vé&i d6 nhic chan da cai dat — H

ref

(nhu cong thuc 8) 1a ham muc tiéu thir 2.

fo=|H,, —H| (8)
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Nhu vy, & HUBOT-5 c6 dang di 6n dinh v&i do
nhac chan dugc cai dat trude thi chung ta tim gia tri
cuc tiéu cua hai ham muc tiéu f; va f,, hay tim gia

tri cye ti€u ciia ham f sau:

/= A[]‘(\VC;MP + Vo )dt

+(1=A)|H,,, — H|
—Fy Sxpp SFo—F, S xpp S F),

x2° — Ty

©)

trong d6, F, +F,, va F, +F, la chiéu dai va
chiéu rong cua ban chan robot va h¢ ) /\(0 <A< 1)
duoc lya chon gitra mirc uvu tién vé d6 6n dinh (A

tang) voi mirc sai léch so voi do nhéc chan mong
muon (A giam).

4.3 Tinh toan quy dao diém ZMP
biém ZMP c6 the¢ dugc tinh nhu cong thue 10 [6]:
2 tg)x =3 mizn =7 18,
“ Z]:l mr (ZI +g)
Yy = Do mz+g)y =) miz—
2P Z’J m (Z, +g)
(10)

trong d6, m, l1a khdi luong cua khau tha i va

10

=] X" i

(x,,7,,2,) 1a toa do khdi tim cua khau thir i trong hé

truc toa do dé-cat, I, va I, la thanh phén momen

quan tinh, Qix va Qiy 1a thanh phan gia tbc goc quay
xung quanh tryc x va y tai khbi tim cta khau tht i, g
la gia'téc trong truong. )

boi voi HUBOT-S, gia thiét m6-men quan tinh va
gia toc goc tuyét doi cua cac lién két 1a du nho dé bo
qua, cong thuc ZMP dugc tinh nhu cong thac (11)

[20]:
Zj:lm X2 —

iV

n ..
Mz,
I 1=

Xoup = Xcom T "

m.
i=1 1

n . n .
E :izlmiyizi _E :izlmiyizi

Youp = Ycou T+ n

Zi:lmi
(11)

Trong cong thtre (11), phan bd khdi lugng m; va

toa do (x[., y,.,z,.) cua cac khau dugc dinh nghia nhu
trong H.7, toa do cua khdi tam (COM) duogc tinh
thong qua cong thire (12), cac thanh phan gia toc sur
dung phép tinh sap xi nhu cong thuc (13).
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ml), P0:
ma, Por md, Pt
m7, P7t md, Pdi
m8, P8t ® 3 Pi:
m@Q, PO m2, P2t
mil, PIt mi, Pz
Mat dimg ngang

H.7 Phdn b6 khéi lwong va toa do ciia cdc khdu

n
o Zi:lmixi
Xcom = .
m,
=1
>,
my,
_ =1 i
Yeou = . (12)
oom,
i=1 !
n
_ iM%
Zcom = .
m.
=1
P o T P R s B
MTTAL T T A
. y1+1 yl 7y[+]_y[ (13)
Yiv1 = Ar 0T T A
. G T &G . 4T
Zin = s Zi =
At At

Toa dd P, (x,y,z) cua cac khau dugc xac dinh tir 10

goc quay tai 1 thoi diém trong 1 budc di véi goc toa
do dat tai tam ban chan tru bang phuong phap hinh
hoc thong qua cong thirc (14-15-16):

(P (:)=0.p (1)=0,P (1)=0,

P ()=p, .p (1)=d coslo (¢)]

p (1) =p, (1)sin[o ()],

P (1)=dsinfo ()].p (1)=p ()sin[o (1)].
> (1) =P, (1) +d coslo, (1)]cos 0 (1)],
()=p ()+asinfo ()-0 ()],

(1) =p, (¢)sinfo ()],
> (1) =P, (1) +d cos[o (1) =0, ()]cos[0 (+)],

P ()=p (1)+dsinfo ()-0 ()+0 ()],

P (1)=r, ()sin[g (1)),

P (t) =P, (t) +d, cos [02 (t) -0, (t) +0. (z)]cos[&I (t)]
(14)

I S

~
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P (0)=p (1) +d coslo, (1) =0 (1) +0,()]eos[o, (1)],
p()=p ().p ()=p ()-wr ()=r ().

P ()=p (1).p (1)=p (1)-d coslo (1],

P ()=p ()-[p ()~ p ()]sinfo ()],

P ()=p, (1)+d sinfo ()],

P (1)=P (1) ~d cos[o (1)]cos[o ()],

P ()=p ()-[p ()-p ()]sinfo ()],

P (1)=p (1)+dsinfo (1) -0 ()],

P (0)=p () ~d cos[o (1) -0 ()]cos[o, (1)].

p ()=r ()-[p ()-r ()]sinfo, ()].

p ()=p () +dsinfo ()6 ()+6 ().

P ()=p (1) ~d coslo (1) 0 () +0, ()]eos[o, (1)],

P ()=pr ()-[p (:)-P_(:)]sin[o (1)].
(15)
()= P (1)+p (1) ,
2
p ()+p (1)
17. ()= T, (16)
P (1) =

trong do: d,, d,, d,, d,va d, dugc mo6 ta trong H.3.

Cudi cung, luu ) lghéi dé tinh toan quy dao diém
ZMP tir bo bon tham so dang di ctia robot dang nguoi
duoc minh hoa trong H.8.

Tham s6 dang di
(S. H, h,m)

l

Bo phat qui dao
(Céng thee 1, 2, 3)
(PI, P35, PIY

Béng hoc ngirge

(Céng thire 4)
(6.6,.6..6,.4
L35=97 B 85,8,

Béng hoc thuan
(Cong thre 10)

[T
l_}):‘ﬂ RF PSI= P.;FHIJI

ZNP
(Cong thikc 14-15-16)

l

(Xzvp: Vore )

H.8 Luru do khoi tinh quy dao diém ZMP.



CONG TRINH KHOA HQC

5. Két quaz mé phéng va thwe nghi¢m
Két qua mo phong va thyc nghiém dugc kiém tra trén
robot dang ngudi HUBOT-5. Thong sé vat 1y cua
robot dang ngudi HUBOT-5 dugc trinh bay trong
bang B.5.

B.5 Théng s6 vit Iy ciia HUBOT-5

Tham sb Gid tri
d, 6.000 cm
d, 4.254 cm
d, 9.109 cm
d, 8.063 cm
d, 9.345 cm
w 8.640 cm
Fx1 2.188 cm
]:;2 4.188 cm
Fyl = Fy2 3.970 cm
m, 60 gam
{i =0...10

Dé tim gia tri thich hop cho hé s6 A ctia ham muc
tiéu trong cong thirc (9), bang cach chon A= 0.4 thi
robot dang ngudi HUBOT-5 ¢6 dang di 6n dinh voi
d6 nhic chan dugc cai dat trude H,,, va gia tri nay
duogc su dung trong subt qua trinh chay GA, PSO va
MDE. Dé cac thuat toan téi wu GA, PSO va MDE hoi
tu nhanh, tham s dang di duoc gidi han nhu trinh bay
o bang B.6.

B.6 Gidi han cdc tham s6 dang di ciia HUBOT-5

Tham sb Chan duéi Chién trén
S-chidu dai buéc chan 1.5 cm 25 cm
H-d6 nhéc chan 0.1 cm 5 cm
h-d6 khuyu gdi 0.1 cm 1.5 cm
n-do lic hong 0.1 cm 10 cm

Ban chit toan hoc cuia cac thuat toan tdi wu GA,
PSO va MDE déu la thuét toan tim kiém theo x4c suét
nén mdi thuit toan thuc hién huén luyén 10 lan khac
nhau, mdi 1an huén luyén s& lap 500 1an (N=500) v&i
cung kich thudc quan thé (NP=30) va cung sb lugng
cac bién (n=4). Dbi véi GA ¢ cac dé xuit nhu sau:
dot bién déu, chon loc ti 18, lai ghép 2 diém, xac suat
dot bién (pm) dugc lya chon thay ddi trong khoang
[0.1; 0.3], x4c suét lai ghép (pc) duoc lya chon trong
khoang [0.7; 1.0]. B. 7 trinh bay két qua khao st gia
tri tham sb cta thuat toan GA.

Dua vao B. 7, trudng hop 6 cho gia tri ham muc
tiéu nho nhét trong 7 truong khao sat, tham sb cua
thudt toan GA dugc lya chon la: py =0.2 va pc =0.7
dé thuc hién so sanh véi thuét toan PSO va MDE. Béi
v6i PSO c6 cac dé xuét nhu sau: trong s quan tinh
(w) dugc lya chon trong khoang [0.4; 0.9], hé ) gia
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tde (c1, ¢2) dugc lya chon trong khoang [2; 2.0 5]. B. 8
trinh bay két qua trinh bay khao sat gia tri tham s6 ctia
thuat toan PSO.

B.7 Két qud khdo sdt gid tri tham sé ciia GA

Truong hop  pu Pc f

1 0.1 1.0 15.68077
2 0.1 09 14.89913
3 0.1 0.8  14.89442
4 0.1 0.7  14.89111
5 0.15 0.7  14.89377
6 0.2 0.7  14.88492
7 025 0.7 14.8928

B.8 Két qua khdo sdt gid tri tham sé ciia PSO

Truong hop ¢ ) W f

1 2 2 0.9 14.88073
2 2 2 0.8 14.87792
3 2 2 0.7 14.87307
4 2 2 0.6 14.87065
5 2 2 0.5 14.87548
6 2 2 04 1491537
9 205 2.05 0.6 14.87307
10 205 2 0.6 14.87548
11 2 205 0.6 14.87548

Dua vao B. 8, truong hop 4 cho gia tri ham muc
tiéu nho nhit trong 11 truong khao sat, tham sb ctia
thuat toan PSO dugc lua chon 1a: ¢;= ¢,=2 va w=0.6
dé thuc hién so sanh véi thuat toan GA va MDE. DBéi
v6i MDE duoc lwa chon 1a: hé sb dot bién (F) va xac
suat lai ghép (CR) dugc chon ngdu nhién trong
khoang [0.4; 1.0] va [0.7; 1.0] cho tung ca thé trong
mdi 1an 1ap. B. 9 trinh bay gia tri tham sé cua thuat
toan GA, PSO va MDE.

B.9 Cdc tham sé ciia thudt toan GA, PSO, MDE

Phuong  Tham sb Gia tri
phap
GA Xéc suat dot bién (pv) 0.2
Xac suét lai ghép (po) 0.7
PSO Heé s6 gia toc 1 (C)) 2
He 56 gia toc 2 (C2) 2
Trong s quan tinh (w) 0.6
MDE Heé s6 dot bién (F) Ngéu nhién [0.4; 1.0]

Xac sut lai ghép (CR)  Nghu nhién [0.7; 1.0]

Cai dt do nhac chan caa HUBOT-5 1a H,,,= 2cm.
B. 10 trinh bay gia tri thong s6 dang di tdi wu va gia
tri tot nhat ham muc tiéu cia 10 1an chay tuong tng
vo6i 3 thuat toan GA-PSO-MDE, H. 9 minh hoa gié tri
trung binh ciia ham muc tiéu f sau 10 1in chay cua
ting thuat toan (GA: mau xanh 14 cay, PSO: mau
xanh duong, MDE: mau do).
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B.10 Gid tri thong s6 ding di t6i wu va gid tri tot nhdat ham muc tiéu ciia 10 lin chay.

Gi4 tri thong sé dang di toi wu

Gi4 tri t6t nhat ham muc

Lan S(cm) H(cm) h(cm) n(cm) tiéu
GA PSO  MDE GA PSO MDE GA PSO MDE GA PSO MDE GA PSO MDE
1 15.08 15 15 2.03 1.97 2.00 0.78 1.01 0.804 6.78  6.42 6.89 14.90 14.87 14.87
2 15.01 15 15 2.05  2.00 1.99 1.00 1.05 0804 7.08 6.85 6.89 14.88 14.87 14.87
3 15.39 15 15 1.99  2.00 2.00 0.67 1.04 0.804 505 691 6.89 14.88 14.87 14.87
4 15.57 15 15 1.70 1.94 1.99 0.68 0.10 0.804 6.34 851 6.89 14.89 14.87 14.87
5 15.21 15 15 1.87 239 1.99 097 1.00 0804 745 6.66 6.89 14.88 14.87 14.87
6 15.45 15 15 1.94  1.99 2.00 098 091 0.804 7.53  6.95 6.89 14.88 14.87 14.87
7 15.11 15 15 1.68  2.63 1.99 074 098 0.804 6.28 8.90 6.89 14.89 14.87 14.87
8 15.43 15 15 220  0.77 2.00 079 1.10 0804 6.72 6.52 6.89 14.87 14.87 14.87
9 15.26 15 15 1.97  2.00 2.00 094 1.06 0804 7.08 7.82 6.89 14.88 14.87 14.87
10 15.62 15 15 1.96 1.78 1.99 1.06 1.04 0804 7.11 6.68 6.89 14.89 14.87 14.87
Ham muc tieu cua ca the tot nhat trong moi the he ZMP & COM
17.5 T T 10 T

gia tri trung binh ham muc tieu-ga COM-GA

gia tri trung binh ham muc tieu-pso ZMP-GA

7 —— giari trung binh ham muc tieu-mde * COM-PSO

O ZMP-PSO

5 % COMMDE

O ZMP-MDE

Gia tri ham muc tieu
>

14.5

. .
10° 10’ 102
The he

H.9 Gid tri trung binh ciia ham muyc tiéu |

Dva vao bang B.10, gia tri tdi wu cta bo tham s
dang di cho HUBOT-5 théa muyc ti€u sau 10 lan chay
voi ting thuat toan MDE , PSO va GA duoc trinh bay
trong bang B.11. Hinh H.10 khao sat diém ZMP va
COM khi HUBOT-5 budéc di trong 1 chu ky budc (T
= 2s) tuong ung véi bd tham sé dang di t6i wu sir
dung céc thuat toan GA, PSO, MDE.

B.11 B tham s6 t0i wu véi tirng gidi thudt

Y-axis(cm)
°
N
~
N
N
N
-
-
N
N
~
.
-
-
~
P
-
<~
<N
N
N
N
N
~
~

X-axis(cm)

H.10 Khao sat ZMP va COM

B tham sb tbi wu voi timg thuat toan trong B. 11
cho théy dat duoc muc tiéu bam theo dd nhéc chan da
cai dat la H,,= 2cm. Quy dao ZMP va COM tuong
g v6i timg thuat toan trong H.10 cho thdy luén ndm
trong vung chan tru hay la dat dugc muc tiéu budc di
on dinh.

H,y Gia tri toi wu cita bo tham sé dang di cho HUBOT-5 flem)
(cm) S (cm) H (cm) h (cm) n_(cm)

GA PSO MDE GA PSO MDE GA PSO MDE GA PSO MDE GA PSO MDE
2.0 15 15 15 205 200 200 1.0 104 0.804 7.08 691 6.89 1488 14.87 14.87

Duya trén cac két qua mé ta & H. 9 cho thiy rang:
thuat toan MDE tim kiém dugc diém t6i wu co gié tri
trung binh 1a 14.8706495 sau khoang 144 thé hé,
trong khi d6 thuat toan PSO 14 sau khoang 254 thé hé
thi tim kiém dugc diém t6i wu nhung c6 gia tri trung
binh 1a 14.87065, con thuat toan GA phai sau khoang
465 thé hé thi tim kiém dugc diém t&i wu c6 gia tri
trung binh 1 14.88492. Véy thuat toan MDE c6 chét
luong va hi¢u qué vuot trdi so véi céc thuat toan PSO
va GA.

Bang B.12 trinh bay gia tri tdi wu cta bd tham sb
dang di @& HUBOT-5 budc di 6n dinh véi 2 truong
hop c6 do nhéc khac nhau sit dung thuét toan MDE.

B.12 B¢ tham sé t6i wu

H, _Kétquati uu MDE

(cm) S (cm) H(cm) h (cm) n (cm)
2.0 15 2.0 0.8040 6.890
4.0 15 4.0 0.7950 6.860

Hinh H.11 [A] va [B] minh hoa 2 dang di 2D
trong mat phang X-Z cua HUBOT-5 tuong tmg véi 2
truong hop c6 d6 nhic chan H=2¢m va H=4cm. B. 12
va H.11 cho thdy HUBOT-5 c¢6 d¢ nhic chan bam
theo gia tri da cai dat.

2D 2D
25 " %0 "
1Al * COM d
ik 2P P
20 | |—LegLet |20} ‘\ | \\\\N
Leg Right [ \‘ \:
\
15 15} \,>
5 5 I
7 z I
3 3 //
N 10 NEGES i
5 5 [ (
0 ot ‘
30 20 -0 0 10 20 30 30 20 0 0 10 20 30

X-axis(cm) X-axis(cm)
H.11 Ddng di 2D ciia HUBOT-5 c6 do nhdc chdn khac
nhau
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Hinh H.12 [A] va [B] minh hoa diém ZMP va
hinh chiéu cia COM tuong tng véi 2 truong hop c6
d6 nhac chan H= 2c¢m va H=4cm. Diéu nay cho thdy
diém ZMP ludn nam trong dién tich vung chan try,
nghia 1a HUBOT-5 khong bi nga.

2ZMP & COM [H=2cm]
10 ! ! : i

[A]

Y-axis(cm)
o
T
\
\
\
\
\
*
*
*
*
x5 /
/
A
N/
/\
\
\
\
| \|j
| L

*
5 P * ST o ~ ¥ 7 q
7N * *% e
10 - ~ g
- N -
15 , . , , , .
-15 10 5 0 5 10 15 20

reonpe
ZMP ZMP & COM [H=4cm]
; ;

Y-axis(cm)
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*
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*,

/
X/
/
N
/
\
\
\
L

A0 S//// N f// 7 H.14 HUBOT-5 thuc hién bude di én dinh véi dp nhac
chan H,  =4cm

G
&
at
&k
o
ok
2+
ot

20
X-axis(cm)

H.12 Quy dao ZMP va COM H. 15 va 16 minh hoa 10 quy dao goc quay tham
chiéu va goc quay thuc té (6,,6,,6,, 6,,05,0,.,0,,6;,
0y, 0,,) trong 1 chu ky buéc ¢ 2 chan cia HUBOT-5,
khi’ thuc hién bude di véi 2 bo tham sb dang di c6 do
nhac chan khac nhau (B. 12).

Hinh H.13 va 14 minh hoa hinh anh HUBOT-5
thuc hién budc di 6n dinh v6i do nhac chan H,,~2cm
va H,,r=4cm.

Chan phai Chan trai

ﬁ 05 ﬁ 05 e
s 0 5 0 _
<-05 < 05 —

0 10 20 30 40 0 10 20 30 40
s ! — s 1 p—
g o5 £ o5
S 0 2 0

0 10 20 30 40 0 10 20 30 40

08(rad)
o N
o = o
63(rad)
e =
cxaan
B

0 10 20 30 40 0 10 20 30 40
s ! s 1 —
5 5
% os W % s /-/N
g, N 50
0 10 20 30 40 0 10 20 30 40
E 0.5 — T 05
50 So
05 = S 05
0 10 20 30 40 0 10 20 30 40
Steps —— tham chieu Steps
—thucte
H.15 Quy dao 10 géc quay ¢ 2 chan HUBOT-5 (H
=2cm)
a , L2 . e an e 4 chan phai 4 Chan trai
H.13 HUBOT-5 thuc hién budc di on dinh voi do nhac g, N g, /w
A g g
chan H, ,=2cm < <.
0 10 20 30 40 0 10 20 30 40
= 1 — = 1
g 05 —= Los M
S I,
0 10 20 30 40 0 10 20 30 40
5 1.5 =15
3 1 ® !
5 05 ﬁ\w Sos #
=0 =0
0 10 20 30 40 0 10 20 30 40
= 1 —
) T 1
805 S 8
g, N SO~ J
0 10 20 30 40 0 10 20 30 40
T 05 505
g 0 N £ O[N
2 .05 S-05
0 10 20 30 40 0 10 20 30 40
Steps —— tham chieu Steps
—thucte
H.16 Quy dao 10 géc quay ¢ 2 chan HUBOT-5 (H
=4cm)
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H. 17 va 18 minh hoa 10 quy dao sai Iéch cua goc
quay (6,,6,,6,,0,,0,,6,,0,,0;,0,,0,,) trong 1 chu
ky budc ¢ 2 chan cQa HUBOT-5, khi th}.rc hién budc
di v6i 2 b tham s6 dang di cd dd nhac chan khac
nhau (B. 12).

Chan phai Chan trai

4
o

06(rad)
°

o
)

o
=}

07(rad)

5 o
Son

08(rad)
S o
5o

o2 Vo

S ¢
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o
N

09(rad)

\

o

@j@

10(rad)
S
& oo

10 20

Steps
H.17 Quy dao sai léch cua 10 goc quay ¢ 2 chan HUBOT-

5(H,,, =2cm)

20
Steps

Chan phai Chan trai
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S
N
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&
2o

4
o
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°

o
)

o
&

#9(rad)
o
o &
SR

o
N

#10(rad)
&
5o

°

10 20

Steps

H.18 Sai léch cua quy dao 10 goc quay ¢ 2 chan HUBOT-

5(H,, =4cm)

Tém lai, cac két qua t6i wu khi chay mé phong da
dugc thé hién day du ¢ B.12, H.11, H.12. Tuong {mg,
két qua thuc nghiém cua giai thuat dé xut nhung trén
mo hinh robot dang nguoi kich thuéc nho HUBOT-5
dugc thé hién trong H.13, H.14, H.15, H.16, H.17 va
H.18, tmg v6i d6 nhac chan H, lan luot 1a 2cm va

4cm.
Céc két qua mo phong va thyc nghiém cho thay
viéc cai dat dang di ¢6 d6 nhac chan theo y mudn —

H,, v6i tham s0 dang di (chiéu dai budc —S, do nhac

chan — H, do khuyu gbi — & va d¢ lic hong — n) t6i wu
giip robot dang ngudi HUBOT-5 budce di 6n dinh
khong ngé va dat kha ne“mg bam sat gia tri do nhac

chén — H,, theo y mudn, nho st dung thut toan

MDE di kha thi.

6. Két luan
Bai bao gidi thi¢u thuat toan mdi cho phép tao dang di
can bang dong cho robot dang ngudi dya trén thuat
toan tién hoa vi sai cai tién MDE. Pau tién, dong hoc
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ngugc duoc st dung dé woc tinh vi tri cua cac dong
co dat tai cac khop & 2 chan. Sau do, thudt toan tdi wu
MDE duoc st dung dé tim gia tri tot nhat cho céac
tham s6 dang di ciia robot dang ngudi sao cho robot
dang nguoi budce di 6n dinh v6i d6 nhic chan cai dat
trude. Két qua mod phong va thuc nghiém trén robot
dang nguoi kich thuée nho HUBOT-5 cho thiy viéc
su dung thuat toan MDE véi ham muc tiéu hop 1y,
cho phép robot dang nguoi budce di bén vitng véi thoi
gian huén luyén dugc rat ngén rat hidu qua.
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