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LOI CAM ON

Trudc tién, toi xin guri 101 cam on sdu sic dén tap thé huéng dan: Thay PGS.TS.
Ho6 Pham Huy Anh va Thay TS. Phan Dirc Huynh, nho nhiing goi ¥ nghién ciru hét
strc quy bau, nhiing chi dan cu thé va nhing y kién phan bién ciia cac Thay da gitp
t61 hoan thanh ludn an nay. Mot 1an nita xin duoc bay t6 1ong cam on sau sic dén
cac Thay.

T6i xin guri 101 cam on dén tit ca Thay C6 Khoa Xdy dung — Co hoc tng dung,
Dai hoc Su pham K thuat Tp.HCM di truyén dat cac kién thirc nén tang quy bau tir
céc hoc phan tién si, nhd nhiing kién thirc nén ting nay ma téi méi c6 thé thuc hién
duoc cong viéc nghién ctru. Xin guri 101 cam on dén cac Thay trong cac Hoi dong
danh gia cac chuyén dé Tién si, nhitng ¥ kién phan bién va gop y that su di gitp toi
rat nhiéu trong viéc chinh stra va hoan chinh luan an ctia minh.

Xin gui 161 cam on dén 1anh dao Truong Pai hoc Su pham K§¥ thuat Tp.HCM,
Khoa Khoa hoc Ung dung vi da c6 nhiing chinh sach hd tro rat tt cho nghién ciru
sinh hoc tap va lam viéc. Xin cam on Thﬁy TS. Vo Thanh Tan va cac ban bé déng
nghiép da dong vién, giup d& va chia sé kinh nghiém dé t6i c6 thé thuc hién cong
viéc nghién ctru mot cach thuan lgi nhat. Xin tran trong cam on Phong Thi Nghiém
Trong Piém Qudc Gia Piéu Khién S6 va Ky Thuat Hé Théng (DCSELAB) di tai
trg kinh phi cho cong viéc nghién ciru cua toi thong qua cac dé tai nghién ctu, co so
vat chét thuc hién thi nghiém.

Cudi cung xin chan thanh cam on gia dinh va ngudi than ludn chia sé moi kho
khin va 1a chd dua ving chic vé vat chit va tinh than trong sudt thoi gian thuc hién

va hoan thanh luan an.
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TOM TAT
Hoach dinh, t6i vu hoa va tao dang di cho robot dang nguoi la nham lam cho
robot di duwgc mot cach tw nhién va 6n dinh nhu con nguoi. Hién nay van la bai toan
khé do k¥ thuat hién tai chua tiép can duoc cac ddi tuong sinh hoc vo cung phuc tap
vé két cAu va tinh vi trong hoat dong. Tuy nhién, néu vin dé nay duoc xem xét tir
quan diém toan hoc thi hoach dinh, tdi vu hoa va tao dang di cua robot dang nguoi
trd thanh van dé toi uu c6 rang budc va phul hop véi cac ki thuat tinh toan t6i wu.
Trong luan 4n nay, tac gia thyc hién nghién ctru va phat trién bo tao dang di
(Walking Pattern Generator - WPG) phu thudc 4 thong s cua Dip (chiéu dai budc -
S, d6 nhac chan - H, d6 khuyu gdi - h va do lic hong - n) két hop cac phuong phap
t6i wu hoa ngiu nhién (meta-heuristic optimization approaches) va mé hinh mang
no-ron tién héa thich nghi (Adaptive Evolutionary Neural Model - AENM) dé robot
hai chan budc di 6n dinh va tu nhién nhu con ngudi.
Cac dong gop méi cia luan an dugc tom tit nhu sau:
e Mot la, Dip da dé xuit bo tao dang (WPG) phu thudc 4 thong sb (S, H,
h, n) va thyc hién tdi wu 4 thong s6 ctia bo tao dang (WPG) dé robot hai
chan (kich thudc nhé) budc di 6n dinh véi van tdc nhanh nhat c6 thé six
dung thuat toan di truyén (Genetic Algorithm - GA). Tuy nhién, dé bat
chuét dang di ciia con nguoi thi robot hai chan phai kiém soat dugc do
nhéc chin. Vi viy, tac gia tiép tuc thuc hién téi wu 4 thong sb dang di
(S, H, h, n) cta bd tao dang (WPG) dé robot hai chan budc di 6n dinh
v6i d0 nhic chdn mong mudn st dung cac phuong phap tdi wu hoa
ngau nhién. Két qua mo phong va thyc nghiém trén mé hinh robot hai
chén kich thudc nhé HUBOT-5 chirg minh dé xuét cta ludn 4n 1a kha
thi.
e Hai la, trong qua trinh robot hai chan budc di thi 4 thong s cua b tao
dang (WPG) ctia Dip 1a khong d6i. Pidu nay 1am cho robot hai chin
khoé thuc hién buéce di 6n dinh va tu nhién véi 1 quy dao ZMP (Zero

Momen Point) mong mudn. Dé vuot qua kho khin nay, tac gia thuc
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hién nhén dang 4 thong sb cua bd tao dang (WPG) nay st dung md
hinh mang no-ron tién héa thich nghi (AENM) duogc tdi vu boi thuat
toan tién hoa vi sai cai tién (MDE). Két qua mo6 phong trén mé hinh
robot hai chan kich thuéc nhé HUBOT-5 chirng minh dé xuét cia luan
an 1a kha thi.

Ba la, bd tao dang (WPG) phu thudc 4 thong sb (S, H, h, n) cua Dip
dugc dé xuat chi ap dung cho robot hai chan trong giai doan budc di va
thiéu giai doan chuan bi va giai doan két thuc. Dé b sung, tac gia tiép
tuc hoan thién b tao dang di (WPG) cua Dip véi dz‘iy da 3 giai doan
nhu mong mudn véi tén goi 1a bo tao mau di bo tu nhién (N-WPG). Két
qua md phong trén mod hinh robot hai chan kich thuéc nho6 HUBOT-4

chirng minh dé xuat ctia ludn an la kha thi.



ABSTRACT
Humanoid robot motion planning, optimization and gait generation is to make
the robot walk naturally and stably as humans. Up to now it has been a difficult
problem since the current technology has not yet reached the biological objects with
highly complicated structure and sophisticated operation. However, under
mathematical viewpoint the task of humanoid robot motion planning, optimization
and gait generation is investigated as an optimization problem with respect to

various trade-off constraints, hence it refers to evolutionary computation techniques.

In this thesis, the author performs the research and development of Walking
Pattern Generator (WPG) depending on 4 parameters of Dip (S- step length, 4- leg
displacement, H- height of swing ankle, n- hip displacement) combining meta-
heuristic optimization approaches and Adaptive Evolutionary Neural Model

(AENM) for biped robot to move smoothly and naturally as humans.
The new contributions of the thesis are summarized as follows:

e Firstly, Dip proposed WPG depending on 4 parameters (S, H, h, n) and
made optimal 4 parameters of WPG for the small-sized biped robot stable
movement with the fastest possible speed using genetic algorithms
(Genetic Algorithm-GA). However, in order to catch people's gaits, biped
robots have to control their foot-lifting. Therefore, the author continues to
optimize the four gait parameters (S, H, h, n) of the WPG that permits the
biped robot able to stably and naturally walking with pre-set foot-lifting
magnitude using meta-heuristic optimization approaches. Simulation and
experimental results on small-sized biped robot model (HUBOT-5) prove
that the thesis's proposal is feasible.

e Secondly, while the human robot walks, the 4 parameters of the WPG of
Dip are unchanged. This makes biped robot difficult to perform a stable
and natural walk with a desired ZMP trajectory (Zero Momen Point). To

overcome this challenge, the author identifies and controls these 4
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parameters of the WPG using adaptive evolutionary neural model
(AENM) optimized Modified Differential Evolution (MDE). Simulation
results on the small-sized biped robot models (HUBOT-5) prove the
thesis's proposal is feasible.

Thirdly, the WPG depending on the 4 parameters (S, H, h, n) of the Dip
proposed is only applicable to biped robots in the stepping stage and
lacks of preparation and end stages. In order to overcome these problems,
the author continues to complete WPG of Dip with full 3 stages as
desired with the name of a Natural Walking Pattern Generator (N-WPG).
Simulation results on the small-sized biped robot models (HUBOT-4)

proves that the thesis's proposal is feasible.
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MO DAU

Pong lwe nghién ciru

Trong nhitng nim gan day, nhiéu nha khoa hoc di cing tham gia dé nghién ctru giai
quyét nhiéu van d¢ lién quan dén robot dang nguoi va cho ra doi 14 robot dang nguoi
ndi tiéng [1]: ASIMO tai cong ty Honda, Cog tai MIT, HRP-5P tai AIST, HUBO tai
KAIST, Lohnnie va LoLa tai TUM, NAO tai cong ty Aldebaran, Atlas Robots tai cong
ty Boston Dynamics, QRIO tai cong ty Sony, Robonaut tai NASA, T-HR3 tai cong ty
Toyota, WABIAN-2R tai dai hoc Waseda, iCub tai IIT, Robot Sarcos tai cong ty
Sarcos, ARMARX tai KIT. Tuy nhién, viéc nghién ctru vé robot dang nguoi luon tdn
tai nhitng thach thtrc rt 16n vi day 1a loai robot giéng ngudi, dé mé ta cac dong tac ctr
dong gidng ngudi doi hoi ¢ nhidu nghién ciru chuyén sau.

e Thir nhdt la két cau co khi: Lip dit cac dong co va hé théng cam bién phai vira
gon vira dam bao tinh ddi xing, tinh thim m¥ va giam tiéu ton nang lugng trong
di chuyén. Thiét ké phan co khi cho robot dang ngudi c¢6 nhiéu bac tr do va thuc
hién cac cir dong gibng con ngudi. Thiét ké cac khdp ndi sao cho su di chuyén
tré nén virng vang va nhuyén hon.

e Thir hai la md hinh toan: Dé c6 thé ¢ nhitng cir dong gidng ngudi thi két cdu co
khi cang nhiéu bac tu do. Nhung nhu thé s& lam ting s bac tu do va mé hinh
dong luc hoc lai cang phuc tap; Viéc hoach dinh di chuyén cho robot con nhiéu
kho khin dé c6 duoc dang di gibng véi con ngudi, trong mé hinh toan sé ton tai
nhiéu diéu kién rang budc, viéc giai cac rang budc nay cung vdi viée chon céc
diéu kién dau cho bai toan la mot thach thirc.

e Thir ba la diéu khién: Trong tdm cua robot trong qua trinh di chuyén luén co
khuynh huéng 1éch ra khéi ving 6n dinh can bang cung vé6i hién twong ket cling
& cac co chan (hiéu chinh ZMP véi han ché goc quay & khép ¢ chan) lam cho

van dé diéu khién tré nén cuc ky kho khan. Pi€u khién robot mé phong nguoi
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con ¢6 kho khin khac 13 hé théng phi tuyén nhiéu bac ty do: Trudc tién cic
thong s6 khong chic chin cia hé thdng va tin hiéu nhidu anh hudng rat 16n dén
hoat dong diéu khién. Tiép theo 1a, su di chuyén cua robot m6 phong nguoi
trong pha hai chan cham dt c6 thé duoc miéu ta nhu 13 sy chuyén dong ctia mot
hé théng dong lyc hoc dudi rang budc holonomic (da hudng) lam cho vige diéu
khién phirc tap hon. Cudi cung muyc dich chinh cua diéu khién mot robot mo
phong ngudi 1a duy tri sy 6n dinh dong luc hoc (6n dinh ZMP online) trong
budc chan, va 1a mot van dé quan trong can dugc nghién ctru k¥ trong hoach
dinh di chuyén ctia robot mé phong ngudi.

Tai Viét Nam, c6 nhitng cong trinh nghién ctru robot dang nguoi nhu sau. Dy an
nghién ctru robot hai chan mé phdng ngudi dang thuc hién tai Phong Thi Nghiém
Trong Piém Qudc Gia Piéu Khién S6 va Ky Thuat Hé Théng (DCSELAB) véi cac
phién ban: HUBOT-2, HUBOT-3 [2]. Robot hai chan HUTECH-1 cua truong dai hoc
HUTECH [149]. Robot dang ngudi UXA 90-Light ctia trung tAm nghién ctru thiét bj va
cong nghé co khi bach khoa [150]. Dy an VIEbot ctia Vién nghién ctru Dién tir, Tin
hoc, Ty dong hoa, B§ cong thuong (VIELINA) [151].

Nhu vay, nhiing cong trinh nghién ctru robot dang ngudi tai Viét Nam con rat han
ché. Vi mong mudn ché tao mot robot dang ngudi dau tién cua Viét Nam c6 kha ning
budc di gibng ngudi va gop phan vao du 4n nghién ctru robot hai chdn mé phong nguoi
dang thuc hién tai Phong Thi Nghiém Trong Piém Qudc Gia Diéu Khién Sé va K§
Thuat Hé Théng (DCSELAB), chinh 1a dong lyc nghién ciru.

Muc tiéu nghién ciru

Hoach dinh, tdi uu hoa va tao dang di cho robot dang nguoi la nham 1am cho robot
di dugc mét cach ty nhién va on dinh nhu con nguoi. Hién nay van 1a bai toan kho do
k¥ thuat hién tai chua tiép can dugce cac dbi tuong sinh hoc vo cung phtrc tap vé két cdu

va tinh vi trong hoat dong.



Lu4n 4n nay tiép tuc tap trung nghién ctru va dé xuat nhitng giai phap mai vé hoach
dinh, t6i vu hoa va tao dang di cho robot hai chan kich thude nhé c¢6 kha nang budc di
thang dugc mot cach ty nhién va 6n dinh nhur con ngudi trén dia hinh bang phang.

Tir quan diém toan hoc, hoach dinh, tdi vu hoa va tao dang di ctia robot dang ngudi
trg thanh van dé tdi wu co rang budc va phu hop voi cac k¥ thuat tinh toan téi uu.
Trong luan 4n nay, tac gia thuc hién nghién ctru va phat trién bo tao dang di (Walking
Pattern Generator - WPG) phu thudc 4 thong sé cia Dip (chiéu dai budc - S, do nhac
chan - H, do khuyu gbi - h va d6 lic hong - n) két hop cac phuwong phép téi wu hoa
ngiu nhién (meta-heuristic optimization approaches) va mé hinh mang no-rén tién héoa
thich nghi (Adaptive Evolutionary Neural Model - AENM) dé robot hai chan c6 thé

budc di 6n dinh va ty nhién nhu con nguoi.

Phuwong phap nghién ciru
Phuong phap nghién ciru duoc ap dung dé thuc hién luan an 1a phan tich 1y thuyét,
mo phong trén may tinh va kiém ching diéu khién trén mé hinh thyc nghiém.
e Phan tich 1y thuyét: nghién ctru cac 1y thuyét lién quan dén noi dung luan an da
cong bd trén cac tap chi, hoi nghi khoa hoc chuyén nganh. Trén co sé d6 dé xuat
b tao dang (WPG) phu thudc 4 théng sb (S, H, h, n) dé robot hai chan thuc hién
budc di thang trén bé mit bang phing voi 3 truong hop: khong ngd véi do nhic
chan cai dat trudc st dung thuat toan tién hoa vi sai cai tién (MDE-Modified
Differential Evolution); khong nga vé1 quy dao ZMP (Zero Moment Point) duoc
thiét ké trudc st dung méd hinh mang no-ron tién hoa thich nghi (Adaptive
Evolutionary Neural Model - AENM) dugc tdi wu boi thuat toan MDE; vé6i dang
di tu nhién day du 3 giai doan (chuan bi, bude, két thuc).
e Mo phong trén may tinh: Lap trinh mé phong mé hinh dé xuét nghién ctru trén,
cho robot hai chan (kich thudc nho). Trén co so cac két qua mo phong rut ra cac

két luan vé mo hinh dé xuat.



° Ung dung thuc nghiém: Trién khai thuc nghiém mo hinh dé xuét trén, cho robot

hai chéan (kich thuéc nho), phan tich két qua, rat ra nhan xét.

Két qua nghién ciru
Cac két qua nghién ctru dat dugc cia luan an, dugce tom tt nhu sau:

e Dip di dé xudt bo tao dang (WPG) phu thudc 4 thong sb (S, H, h, n) va thuc
hién t6i wu 4 thong sd cua bo tao dang (WPG) dé robot hai chan (kich thudc
nho) bude di 6n dinh voi van tdc nhanh nhat c6 thé sir dung thuat toan di truyén
(Genetic Algorithm - GA). Tuy nhién, dé bat chuéc dang di cua con ngudi thi
robot hai chan phai kiém soat dugc d6 nhic chan. Vi vay, tac gia tiép tuc thuc
hién t6i wu 4 thong sé dang di (S, H, h, n) cua bo tao dang (WPG) dé robot hai
chan budc di 6n dinh v6i d6 nhac chan mong muén sir dung cac phuong phap
t6i wvu hoa ngiu nhién (meta-heuristic optimization approaches): GA, PSO,
MDE. Két qua md phong va thuc nghiém trén moé hinh robot hai chan kich
thudc nhé HUBOT-5 ching minh dé xuat cia luan an 1a kha thi. Két qua cua
nghién clru nay dugc trinh bay ¢ bai bao [2], [4] va [7], trong danh muc cong
trinh cong bd cua tac gia.

e Trong qué trinh robot hai chin budc di thi 4 thong sb cua bd tao dang (WPG)
ctia Dip 1a khong d6i. Diéu nay 1am cho robot hai chan khé thyc hién budc di 6n
dinh va tu nhién v61 1 quy dao ZMP (Zero Momen Point) mong mubn. Dé vuot
qua kho khin nay, tac gia thuc hién nhin dang va diéu khién 4 thong sb cua bo
tao dang (WPG) nay st dung md hinh mang no-ron tién hoa thich nghi
(Adaptive Evolutionary Neural Model - AENM) duogc t6i wu boi thuat toan
(Modified Differential Evolution — MDE). Két quia md phong trén mé hinh
robot hai chan kich thuéc nhé HUBOT-5 chirng minh dé xuét cua ludn an 1 kha
thi. Két qua cta nghién ciru ndy dugc trinh bay & bai bao [3], trong danh muc

cong trinh cong bo cua tac gia.



e B tao dang (WPG) phu thudc 4 thong sb (S, H, h, n) cta Dip duoc dé xuat chi
ap dung cho robot hai chdn trong giai doan budc di va thiéu giai doan chuan bj
va giai doan két thuc. Pé bo sung, tic gia tiép tuc hoan thién bo tao dang di
(WPG) cua Dip véi day du 3 giai doan nhu mong mudn véi tén goi 1a bd tao
mau di bo ty nhién (N-WPG). Két qua md phong trén mo hinh robot hai chan
kich thuéc nhé HUBOT-4 chirng minh dé xuit cua luan 4n 1 kha thi. Két qua
cua nghién ctru nay duogc trinh bay & bai bao [1] va [6], trong danh muc cOng

trinh cong bo cua tac gia.

B6 cuc ciia luin an

o Chuwong 1: Nghién ciru tong quan. Noi dung chuong nay trinh bay tom tit cac
két qua da co trong thiét ké va ché tao robot dang nguoi, dac bi¢t & cac nudc
dang dan dau trong linh vuc nay nhu Nhat, Dtc, My, Han Qudc. Sau d6 1a phan
téng quan trinh bay cac phuong phap xdy dung quy dao budc di va dang di cho
robot hai chan. Cubi cung trinh bay muc tiéu nghién ctru trong tdm cta luan 4n.

o Chuwong 2: Téi wu héa dang di cho robot hai chan kich thude nhé bude di on
dinh voi do nhéc chéan mong muon sir dung thuat todn tién héa vi sai cdi tién
(MDE). Chuong nay dé xuit phuong phap méi toi wu hoa mot sb thong sé dang
di cho robot hai chan cho phép buédc di 6n dinh véi 46 nhac chan duogc cai dat
trude. Thudt toan tién hoa vi sai cai tién (MDE-Modified Differential Evolution)
duoc st dung dé tdi wu cac thong sb dang di giup robot hai chin budc di 6n
dinh. Hiéu qua ctia phuong phap dé xuit duoc so sanh véi ki thuat tdi wu dang
di dung thuit toan di truyén (GA-Genetic Algorithm) va thuit toan bay dan
(PSO-Particle Swarm Optimization). Két qua md phong va thyc nghiém trén
robot hai chdn kich thudc nhé (HUBOT-5) chimg to thudt toan dé xuat bao dam

dang di 6n dinh cho robot hai chan v6i d6 nhic chan chinh xéc.



o Chuwong 3: Tao déang di thich nghi cho robot hai chdn buéc di on dinh sir dung
mé hinh mang no-rén tién héa thich nghi (AENM) dwoc t6i wu boi thudt todn
tién héa vi sai cdi tién (MDE). Chuong nay gi6i thiéu mot huéng méi dé tao
dang thich nghi robot hai chan v&i muc tiéu budce di 6n dinh va tu nhién trén bé
mit bang phang. P& xuat ap dung thuit toan tién hoa vi sai cai tién (MDE —
Modified Differential Evolution) t6i wu bo trong sé ctia md hinh mang no-ron
tién hoa thich nghi (AENM — Adaptive Evolutionary Neural Model) dé nhan
dang cac thong s6 dang di cta bo tao dang (WPG — Walking Pattern Generator)
gitip robot hai chan bam theo quy dao ZMP (Zero Moment Point) mong mudn.
Hiéu qua cua dé xuat MDE duoc so sanh véi thuat toan PSO (Particle Swarm
Optimisation) va GA (Genetic Algorithm). Phuong phap dé xuit duoc kiém
ching trén mau thir robot hai chan kich thuéc nho HUBOT-5. Két qua nhan
dang chtrng minh rang phuong phap dé xuit (MDE-AENM) hiéu qua trong viéc
tao dang di bén virng va chinh xac.

o Chuong 4: Hoach dinh dang di tw nhién cho robot hai chan. Chuong nay gidi
thiéu hudng tiép can méi cho phép phat ra quy dao bude di tu nhién 6n dinh ap
dung cho robot hai chan kich thuéc nhé. Cac thong s6 chinh duoc chon thé hién
cac rang budc tir toa d0 mong mudn cua ban chin, dau gdi va hong tudn thu
nguyén ly on dinh ZMP. Tir 46 quy dao 6n dinh hoan chinh ciia ban chan, dau
gbi va hong dugc hinh thanh. Dya trén bo thong sb chi chét nay, dung phép
bién dbi dong hoc nguoc cua robot hai chan, cac kiéu quy dao budc di tu nhién
6n dinh khac nhau s& duoc xay dung, qua d6 cho phép diéu khién robot hai chan
kich thuéc nho bude di ty nhién 6n dinh théa man nguyén Iy 6n dinh ZMP thé
hién qua géc quay dong bd phu hop cho timg khép. Cac két qua md phong dugce
thuc hién khéng dinh tinh kha thi va hiéu qua cua phuong phép hoach dinh duoc

dé xuat.



o Chuwong 5: Két lugn va kién nghi. Chuong nay, tong két lai cac dong gop cia
luan an ¢ khia canh ly thuyét va thuc nghi¢m vao viéc hoach dinh, t6i wu hoa va
tao dang di cho robot hai chan la nham lam cho robot di duge mot cach tu nhién
va 6n dinh nhu con ngudi. Cudi chuong 1a mot sé dé xuit vé hudéng nghién ctru

tiép theo.



CHUONG 1 NGHIEN CUU TONG QUAN

1.1 Robot dang nguoi

Biped robot 14 khai niém dung dé chi robot c¢6 kha ning budc duge trén 2 chan,
hién tai nguoi ta cht yéu sir dung biped robot nhu mot khai niém vé robot dang nguoi.

Nam 1970, tién phong nghién ctru vé biped robot 13 hai nha nghién ctru ndi tiéng
Kato va Vukobratovic. Ho déu xay dung mo hinh thuc nghiém vé biped robot. Tai
Nhat, biped robot dau tién c6 tén WABOT]1 duge thuc hién thanh cong vao 1973 boi L.
Kato cung déng nghiép tai dai hoc Waseda [3]. Ho sir dung mot so dd diéu khién don
gian va no co thé thyc hién di bo vai budc rat cham trong trudng hop thing bang tinh.
Day 1a thanh tyu duoc xem nhu diém bit dau cho viéc san xuit ra nhitng biped robot.
Tai vién Mihailo Puppin ¢ Belgrade — Yogoslavia, M. Vukobratovic ciing dong nghiép
da thiét ké két ciu khung cho biped robot ddu tién va dua ra khai niém ZMP dé dam
bao biped robot van dong 6n dinh vao nam 1972 [4]. Khai niém ZMP nay hién nay
duoc st dung rong rai trong diéu khién biped robot [5].

Vao thap nién ké tiép — 1980, nhitng dot pha dén tir M v6i hai nha nghién ctru R.
MC Ghee va M. Raibert. That sy, R. MC Ghee di bat dau nghién ctru vé biped robot
vao thap nién 60 tai dai hoc Nam Cali (USC) va thap nién 70 tai dai hoc Ohio (OSU)
v6i két qua noi bat 1a diéu khién biped robot di bo bang may tinh. M. Raibert tai dai
hoc Carnegie Mellon (CMU) bt ddu nghién ctru 6n dinh dong luc hoc khi chay. Sau
do, M. Raibert thanh 13p phong thi nghiém LEGLAB tai Vién k¥ thuat Massachusetts
(MIT) va dat dugc nhitng két qua kha 4n tuong cho robot c6 mot chan, hai chan va bon
chan. [6]

Cudi thap nién 90, voi su phét trién cta khoa hoc k¥ thuat di chimg minh rang c6
thé x4y dung duogc robot dang ngudi. Trong sb nhirng robot dang ngudi luc by gior thi
ASIMO ctia haing HONDA c¢6 thé di bo giéng ngudi nhat. Mic du, HONDA cong b
két qua thuc nghiém vé ASIMO rat sém vao nim 1998 nhung khong cong bd chi tiét



vé viéc 1am thé nao dé ASIMO c6 thé di bo gibng con ngudi ma chi cho biét 1a hé
thong ctia ASIMO di bo sir dung tiéu chuan ZMP [7, 8]. Chinh vi vay, tai thoi diém do
c6 rat nhiéu nhoém nghién ctru trén thé gidi tap trung vao nghién ciru biped robot di bo
stt dung tiéu chuan ZMP véi nhiéu quan diém khac nhau [9 — 13]. Mai dén nim 2009,
Toru Takenaka cing dong nghiép ctia hing HONDA méi trinh bay tai hoi nghi quéc té
vé “Robot va Hé thdng thong minh” tai Louis — My véi cha dé “Tao van dong va diéu
khién cho biped robot theo thdi gian thuc” thong qua bdn bai bao: tao dang di bo [14],
tao dang chay [15], bu sai s6 dong luc hoc [16], diéu khién can bang thong minh [17].
Hién nay, nhitng thanh qua 4n twong nhit van thudng xuyén duoc dé cap 1a san
phém dugc gidi thidu boi cac truong dai hoc, cac vién nghién clru, cac cong ty va cac
du 4n. Cac hoat dong nghién ciru vé robot dang ngudi trén khip thé gidi da ting tdc
trong nhirng thap ky qua. Tai Nhat Ban, nhom cua gido su Takanishi tai truong dai hoc
Waseda da tich cuc phat trién nhiéu robot dang ngudi theo huéng cua gido su Kato
(Gido su Kato 1a ngudi da ché tao robot dang ngudi — WABOT-1 dau tién trén thé
gidi). Vao nim 2006, WABIAN-2R cua gido su Takanishi da thé hién kha ning di bo
an tuong giéng nhu con ngudi véi dau gbi dudi, tiép dat bang got chan va ding chuyén
dong bang cac ngén chan [18]. Mot nhom ndi bat khac duoc dan dit bai giao su Inaba
tai Pai hoc Tokyo. Nam 2010, ho da chirng minh HRP-2 ¢6 thé nang va gilt cac vat thé
(c6 trong lugng khong xac dinh) dua trén ude tinh truc tiép vé luc twong tac [19]. Ho
cling dang phat trién robot dang ngudi nguyén ban cé thé giir thing bang ngay ca khi bi
da [20]. Phong thi nghiém vé khoa hoc than kinh ATR dang nghién ctru robot dang
nguoi voi quan diém vé khoa hoc ctia bd ndo. BO diéu khién can béng vé& mit sinh hoc
cua ho da dugc thtr nghiém trén robot dang nguoi CB-1 (do cong ty SARCOS phat
trién) [21]. Nghién ctru robot dang ngudi khong bi gidi han & Nhat Ban, vi du nhu:
Lola ctua Dai hoc k¥ thuat Munchen (TUM) [22], HUBO2 cua Vién Khoa hoc va Cong
nghé tién tién Han Qudc (KAIST) [23], BHR-2 cua Vién Cong nghé Bic Kinh [24],



1Cub cua Vién Cong nghé Y (IIT) va bai hoc Genova [25], CHARLI cua Vién Bach
khoa Virginia [26], va TORO cua Trung tdim hang khong vii try Bac (DLR) [27].

Ngoai ra con c6 nhiéu robot dang nguoi duoc phat trién boi cac cong ty. Ké tir khi
ra mit dang ngac nhién vé robot dang ngudi P2 vao nim 1996, Honda di tiép tuc
nghién ciru va phat trién loat ASIMO cua ho. ASIMO méi nhét duoc cong bd vao nim
2011 c6 thé chay voi tde do 9 km/h, chay lui, nhay béng mot chan hoac hai chan lién
tuc [28]. Tai EXPO 2005 tai Aichi, m0t nhém robot dugc phat trién boi Tap doan 6 to
Toyota dd thu hat luong 16n khan gia béi man trinh dién théi kén cua robot dang
nguoi. Nam 2007, ho da tiét 10 mot robot dang nguoi khac co thé choi violin [29].
Cong ty dién tir Samsung ctia Han Qudc, ciing di phat trién robot dang ngudi véi Vién
Khoa hoc va Céng nghé Han Qudc (KIST). Robot dang ngudi méi nhat cia ho 13
Roboray, ¢6 thé thuc hién budc di gidng nhu con nguoi [30]. Vao nim 2012, cong ty
thiét ké va k¥ thuat robot cia My, Boston Dynamics, di phat trién mot robot hinh
ngudi PETMAN dé thir quan 4o bao ho hoa hoc [31]. Puoc hd tro boi cac bd truyén
dong thuy luc va duoc diéu khién boi phin mém diéu khién tién tién, robot nay c6 thé
thuc hién cac dong tic thu minh ngdi sat xudng dat, thu minh ngdi sat xudng dat trong
khi xoay va nhay véi hai canh tay gio 1én cao, ciing nhu di bd tu nhién 1én dén 4.8
km/gid. Chiing ta khong thé mua cac robot duoc dé cap ¢ trén vi ching dwoc phat trién
nhu mot ph?m cua cac dy an R&D 16n. Mit khac, di ton tai cac robot dang nguoi co
san trén thi truong cho muc dich nghién ciru. Vi du, cong ty Kawada dang ban robot
dang nguoi HRP-4 1am nén tang nghién ctru [32]. PAL Robotics & Barcelona ciing da
phat trién mot robot dang nguoi REEM-C dé ban [33]. Hién nay, c6 rat nhiéu robot
dang nguoi kich thuéc nhoé dé nghién ctiu va choi. Vi du: ching ta c¢6 thé chon NAO
cua Aldebaran Robotics [34], DARwInOP ciia ROBOTIS [35], PALRO cua FujitSoft
[36] hoac sé-ri KHR cua Kondo Kagaku [37].

Vao ngay 10 thang 4 nam 2012, du an Nghién ctu Qubc phong Tién tién
(DARPA) ctia Hoa Ky dd coéng bd mét chuong trinh, cy thé 1a Thir thach Robot
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DARPA (DRC) [38]. Muc tiéu chinh cua n6 1a phat trién cic cong nghé robot c6 thé
thuc hién cac nhiém vu phtc tap trong moi truong nguy hiém cia con ngudi bang cach
st dung cac cong cu, thiét bi va phuong tién co san cua con nguoi [39]. DRC 1a mot du
an theo phong cach canh tranh, nhiéu doi canh tranh nhau trong cung mot nhiém vu.
Trong thur nghiém thang 12 nam 2013, cac nhiém vu sau day da dugc chi dinh (la1 xe
tién ich, du lich thdo go, loai bé cac manh v& chan muc nhap, mo ctra va vao tda nha,
leo 1én mot cai thang cong nghiép, vuot qua tuong, xac dinh vi tri va dong van, mang -
giai ma va két ndi mot voi). Luu ¥ rang, DRC khong gi6i han & cau hinh robot 13 hinh
ngudi, nhung ho dang mong doi ning luc gidng nhu con ngudi cho cac nhiém vy nhét
dinh. That vay, mot s6 doi da thiét ké robot khong hinh ngudi nhu CHIMP cia Pai hoc
Carnegie Mellon (CMU) - Trung tim K§j thuat robot Quéc gia (NREC) [40] va
ROBOSIMIAN cua NASA - Phong thi nghiém Dong co phan lyc [41]. Tuy nhién, cac
d6i tham gia chiém wu thé da chon thiét ké robot hinh ngudi cho thir thach nay. Ngoai
ra, DRC con c6 mot robot robot hinh nguoi dic biét dugc phat trién boi Boston
Dynamics. Ban sao ctia né sé duogc st dung boi bay doi. Khong con nghi ngd gi nita,
thir thach Robot DARPA s& c6 tac dong rat 1on dén nghién ciru robot hinh nguoi trén
thé gioi.

Nhu viy, cic nghién ctru vé robot dang ngudi hién nay da phd bién ¢ nhiéu nuéc
trén thé gidi. Ngoai viéc tap trung vao phan tri tué nhan tao, cdc nghién ctru vé hoach
dinh quy dao budc va diéu khién can bang bude di cho robot dugc xem xét. Hau hét
céc robot nay sir dung tiéu chuan on dinh ZMP dé thiét ké quy dao dong luc hoc ciing
nhu thiét ké bo didu khién nhim giup robot budce di 6n dinh trong dia hinh khong biét
trudec.

1.2 Tong quan vé xiy dung quy dao va diéu khién robot dang nguéi

Budc di cua ngudi ludn an chira nhiéu bi 4n ma cho dén nay cic miu robot dang

ngudi di bang hai chin van chua thé hién hét duge. Chinh vi thé, cac nghién ctru danh

cho co ché budce di cia robot dang ngudi dang duoc phat trién theo nhiéu hudng khac
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nhau. Mot s tiéu chuan dd duoc ap dung cho robot dang ngudi dé bao dam bude di 6n
dinh va tu nhién. Budc di tinh (static walking) 13 nguyén 1y duoc 4p dung dau tién,
trong d6 hinh chiéu thang ding ctia khdi tAm (CoM - center of mass) xubng mat dat
ludn nidm trong long ban chan chéng (supporting footf); néi cach khac, robot dang
ngudi c6 thé dimg lai tai moi thoi diém luc bude di ma khong bi nga. Vi ban chat don
gian, nguyén 1y ndy 4p dung hiéu qua cho robot dang ngudi co téc do di cham, qua dé
cac hiéu tmg dong luc hoc ¢ thé boé qua. Sau d6, cac nha nghién ctru bat dau tap trung
phat trién budc di dong (dynamic walking). Phuong phap nay cho phép robot dang
ngudi dat toc d6 budc di nhanh hon. Tuy nhién, trong qué trinh robot dang ngudi thuc
hién budc di dong, robot co thé bi ngd do anh huéng cta nhidu méi trudng va khong
thé dimg dot ngdt. Vi vay, budc di dua trén nguyén Iy ZMP (ZMP-based walking)
duge dé xuit.

Hau hét cac robot dd choi thuc hién di bd tinh br?mg cach st dung ban chan lon.
Diéu nay khong tha vi theo quan diém cua k¥ thuat diéu khién vi né kha dé dang. Tuy
nhién, ban chan ciia con ngudi qua nhé so voi chibu cao cua khéi tim dé thue hién
budc di tinh va chung ta dang thuc hién budc di dong trong cudc séng hang ngay.
Chung ta thuc hién duoc phong cach di bd bang cach kiém soat khéo 1éo sy can bang
toan bd co thé ma vé co ban 1a khong 6n dinh. Do d6, robot dang ngudi vuot ra ngoai
pham vi ctia k¥ thuat co khi thong thuong. Pay 1a 1y do ma rat nhiéu nha nghién ctru va
k¥ su bi thu hat dé robot dang ngudi bude di gibng nhu con ngudi.

Theo quan diém cua Shuuji Kajita [42], dé robot dang nguoi bude di nhu mong
mudn thi chung ta phai c6 méu di bd (Walking Pattern). Dé tao ra miu di b, ta st
dung bo tao dang (Walking Pattern Generator - WPG). Trong diéu kién 1y tudng, robot
dang ngudi c6 thé thyc hién bude di nhu mong mudn néu thoa cac didu kién: mo hinh
todn hoc cua robot dang nguoi chinh xéc, két cAu co khi va bd truyén dong dién cua
robot dang ngudi dap tng chinh xac yéu cau ctia mau di bd, mit phang robot dang

ngudi bude di khong nhdp nhd. Thuc té, robot dang nguoi chi budc duge vai
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milimeters trén mit phang khong bang phing thi ngd. Khéi tAm cua robot dang nguoi
s& thay d6i nhanh khi robot dang ngudi thay ddi tu thé, nén robot dang ngudi bi mat
thang bang. Pé vuot qua kho khin nay, ching ta cin phdn mém thi 2 dé diéu chinh
mau di bo, bang cach sir dung con quay hdi chuyén, cam bién gia tdc, cam bién luc va
cac thiét bi khac hay goi 1a bg cdn bang.

B0 tao dang (WPG) duoc thiét ké dua theo tiéu chudn ZMP, c6 hai kiéu thiét ké bo
tao dang thinh hanh la: dya vao mo hinh con lac nguoc hodc dua vao quy dao ban chan
va hong. Nguoi tién phong theo md hinh con lic nguoc 1a Shuuji Kajita [43-45]. Tur
d6, nhiéu nghién ctru trén thé gidi da tap trung vao viéc khao sat mo hinh con lic
nguoc 3D dé 4p dung diéu khién cho robot hai chan mo phong ngudi. Ngudi tién
phong theo dya vao quy dao ban chan va hong la Qiang Huang [46]. Phuong phap nay
dua ra cac rang budc cho hong va chan, tir d6 xay dung phuong trinh quy dao bude di
bang cach noi suy spline bac ba. Sau khi c6 duoc cac phurong trinh quy dao bude di cua
khép hong, mot chwong trinh tinh toan ZMP va dya theo ZMP dé chon céc hé so trong
phuong trinh quy dao budc di sao cho robot & trang thai cin bang nhit. Ca hai huéng
nghién ciru nay, khi robot dang ngudi nhic chan dé di chuyén (SSP) thi diém ZMP
nam ¢ tim cta ban chin tru va khi robot dang ngudi dimg trén 2 chan cham dit (DSP)
thi quy dao cta diém ZMP ciing di chuyén nhanh. Tuy nhién, lac nay rat kho dé diém
ZMP dimg ngay tai tim ctia dé chan try khi robot dang ngudi thuc hién qua trinh tiép
theo (SSP). Nghia 13, biped s& bi lic trong qué trinh nay. Khao sat thuc t& cua con
nguoi thi quy dao ZMP trong pha SSP luén di chuyén vé phia trudc [47-49]. Dé khac
phuc diéu nay: Kemalettin Erbatur va Okan Kurt [50] d& xuit mot thuit toan xdy dung
quy dao tham chiéu dya trén mo hinh con lic nguoc va ZMP, img dung chudi Fourier
dé x4p xi don gian bai toan, giai phap nay gitp tao ra mot tham chiéu ZMP déu din
hon. Wei Xu va dong nghiép ciing cai tién thuit toan xay dung quy dao tham chiéu dwa

trén quy dao chan va hong két hop ZMP dé robot dang ngudi co dang di tu nhién hon
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trong qué trinh SSP [51]. Dip va ddng nghiép dé xuét bo bo tao dang (WPG) phu thudc
4 thong s6 ap dung trén robot dang nguoi kich thudc nhé [52].

B6 can bang co thé dugc xay dung dua trén nhiéu nguyén tic diéu khién khac nhau
nhu trinh bay trong Bang 1.1.

Bang 1.1: Cac nguyén tic dieu khién cua bd can bang

Diéu khién momen | - WL-10RD bdi Takanishi cing dong nghiép [53]
xo4n cua ¢b chan | - Idaten II béi Miyazaki and Arimoto [54, 55]
- Kenkyaku-2 bé1 Sano and Furuhso [56]
- Meltran II béi Kajita va Tani [44]
Diéu khién vi tri dit | - BIPER-3 bai Shimoyama and Miura [57]
ban chan - Robot nhay cta Raibert ciing déng nghiép [58]
ZMP control by - MK.3 va morph3 bdi Okada [59]
CoM Acceleration
Diéu khién tu thé | - Robot nhay 16 cd boi Raibert [58]
b1 khép hong - Robot dang ngudi boi Kumagai ciing déng nghiép [60]
Mo hinh con lic | - HRP-4C boi Shuuji Kajita cing dong nghiép [61-65]
nguoc két hop diéu
khién ZMP

Dbéi voi bd can bﬁng dua vao diéu khién momen xodn cta c¢d chan robot dang
ngudi duoc phat trién vao thap nién 1980 va 1990. Vi dy, WL-10RD cua Takanishi va
ddng nghiép [53], Idaten II cua Miyazaki va Arimoto [54, 55], Kenkyaku-2 cua Sano
va Furuhso [56] va Meltran II cua Kajita va Tani [44]. D6i v6i bo can bang dwa vao
diéu khién vi tri dat ban chan cta robot dang nguoi, dugc thuc hién dua trén mé hinh
con lac nguoc. C6 mot s6 robot duge on dinh béng cich diéu chinh vi tri dat chan,
ching han nhu BIPER-3 duoc phat trién bai Shimoyama va Miura [57], va robot nhay
ctia Raibert va cac dong nghiép [58]. DPdi véi bo can bang dua trén diéu khién gia toc
ctia khdi tim (CoM) c6 Okada, Furuta va Tomiyama dd ap dung dé diéu khién robot

dang nguoi MK.3 va morph3 [59]. Péi véi bo can bang dwa vao diéu khién tu thé cua
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robot dang ngudi boi khdp hong, chung ta mong mudn robot duy tri mét tu thé thing
dung trong khi di bo. Cach dé nhat 1a xoay khép hong dé co thé giir trang thai mong
mudn dua trén cam bién. Phuong phap nay dugc ap dung trong cac robot nhay 16 co
Raibert [58] va robot dang ngudi duoc phat trién boi Kumagai cung déng nghiép [60].
Gan day, Shuuji Kajita cing dong nghiép da dé xuat mot b 6n dinh méi dua trén mo
hinh ctia LIPM véi diéu khién ZMP [61]. B6 6n dinh nay cho phép robot hinh nguoi
moi HRP-4C cuia ho di trén bé mit khong bang phang ciing nhu thuc hién di b gidng
nhu con ngudi voi hd trg ngon chan [62]. Khi ¢o nhiu loan 16n trong qua trinh di bo,
vi du nhu mot ca da vao co thé, co thé ngay lap tirc khién robot di chéch khoi quy dao
dinh sin va do d6 roi xuéng. Robot dang ngudi co thé khong ngi trong trudng hop nay,
néu no6 o6 thé tao lai mau di bd br?mg cach dé trang thai 1éch quay vé diéu kién ban dau.
Béng cach thuc hién ding khai niém nay, robot van tiép tuc bude di bo nhu trong cac
tai ligu [63- 65].

Mau di bo (WP) dya vao b tao dang (WPG) dé xuit & trén khong phai 1a cach duy
nhat. D4i voi tao miu di bo (WP) online, Kajita d& xuat phuong phap diéu khién
preview [66]. Pdi voi phuwong phap thuc té, Harada et al. dé xuit sir dung mot giai
phap phan tich ctia phuong trinh ZMP [67]. Sau d6, diéu nay da duoc cai thién boi
Morisawa et al. dé thuc hién WP hiéu qua hon [64]. Nhitng phuong phap nay duoc
kiém chimg thuc nghiém trén HRP-2. Diéu khién preview duoc goi chung la diéu
khién du bao theo mé hinh (MPC-Model Predictive Control), ma viéc tinh toan diéu
khién dau vao bang cach thyc hién tdi wu hoa quy dao twong lai. Dya trén MPC,
Wieber dé xuit mot phuong phap tao mau di bd (WP) dua trén viée toi wu hoa chuong
trinh bac hai (QP) ma khong yéu cau mot ZMP quy dinh [69, 70]. Bang phuong phap
nay, cac quy dao ZMP va CoM c6 thé duoc tao ddng thoi tir cac phan tir ciia ving chan
tru.

Mot nhém cac nha nghién ctru cho rang robot dang nguoi budc di khong can phai

c6 tao mau di bo (WP) trude, ma phai 13 két qua cua cac dao dong phi tuyén xuat hién
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tir phan hoi va tuong tac dong giita hé théng va méi truong. Katoh va Mori di ché tao
mot robot dang ngudi, BIPMAN2, st dung bd phat chu ky gidi han 6n dinh boi mot bd
dao dong phi tuyén dua trén cip phuong trinh van der Pol. Robot ¢6 thé thuc hién mot
budc di dong tién vé phia trude [71]. Taga va dong nghiép mé phong mot hé théng
muscle-born cta con ngudi véi cac b dao dong phi tuyén phén tan (BO tao miu trung
tam: CPGs-Central Pattern Generators) va thuc hién mé phong robot dang ngudi cé thé
budc di tu nhién tao hoidc chay trong mdi trudng c6 nhiéu loan [72]. Gan day, Hyon,
Morimoto va Kawato da chimg minh dugc robot dang ngudi ¢ kich thude that co thé
thyc hién bude di dong dya vao bg tao mau trung tam (CPG) [73].

Dudi quan diém toan hoc, nhiém vy tao mau di bo (WP) duogc nghién ctru nhu van
dé t6i wu da muc tiéu c6 rang budc, do d6 bai toan can giai quyét rat phu hop véi k¥
thuat tinh todn mém. Trong qua khir, di c6 nhirng dong gop dang ké trong viéc phat
trién robot dang ngudi nhim mang lai hiéu qua vé mit ning luong va t6i wu hoa cac
thong sd dang di ctia chung bang thuat toan tién hoa. Nguoi ta da thy rang, diém yéu
ctia cac robot dang ngudi st dung ZMP 1a chung tiéu thu rdt nhiéu ning luong. Ning
lugng ti€u thu trong khi robot dang nguoi bude di by phu thudc vao mau di bo (WP)
[74]. Do d6, viéc thiét ké can than mau di bo (WP) cia robot dang ngudoi c6 thé giup
ich rat nhiéu, trong viéc giam muc tiéu thu ning luong ciing nhu ting tinh 6n dinh cia
n6 [75]. Mot s6 dong gop lién quan dén tdi wu hoa dang di duoc tom tit trong bang 1.2.

Capi va dong nghiép trong [76] di st dung thudt toan di truyén ma héa thuc (Real
Coded Genetic Algorithm - RCGA) dé t6i uu hoa ning luong tiéu thy ctia robot dang
ngudi. Muc tiéu 1a tim ra cac quy dao cac goc quay & cac khép dé robot dang ngudi
tiéu thy ning luong toi thiéu. Ham ning luong dugc xdy dung du vao mo-men xodn
duoc tao ra tai cac khép dong co cua robot dang ngudi. Trong [77], Capi va ddng
nghiép di tao ra mau di bo (WP) hiéu qua nang luong thoi gian thyc sir dung thuat toan
di truyén (GA) va mang no-rén ham co sé xuyén tdm (RBFNN - Radial Basis Function

Neural Network). Park va déng nghiép trong [78] di sir dung GA dé giam thiéu ning
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lugng ti€u thu ctia robot dang nguoi, béng cach chon vi tri tdi wu cho khdi tAm cta céc
khau. Choi va déng nghiép trong [79] di st dung GA dé t6i vu hoa quy dao di bo cia
robot dang ngudi (IWR-III) bang cach giam thiéu téng do léch cia van toc (hay gia

tdc) dé duy tri sy lién tuc ctia quy dao va phan phéi ning luong tai cac diém.

Bang 1.2: Tdi vu tham s6 dang sir dung thuat toan tién hoa

Ham muc tiéu Thuét toan tién hoéa | Tac gia (nim)
Nang luong RCGA Capi et al. (2002) [76]
Park et al. (2004) [78]

RBFNN+GA Capi et al. (2003) [77]
GA Choi et al. (1999) [79]

On dinh CMAC Lin et al. (2004) [81]
NN Miller et al. (1994) [82]
FRL Zhou et al. (2003) [83]
GA+FLC Jha et al. (2005) [84]
GA Udai et al. (2008) [85]
WOA Mostafa et al. (2019) [86]
GA+ANN, Pratihar et al. (2007, 2015)
GA+FLC [87, 88]

Niang luong, toc do va | MOEA Lee et al. (2004) [89]

6n dinh

On dinh va toc do GA Dip et al. (2009) [52]

Ning luong va 6n dinh | GA Huan Dau et al. (2008) [90]

Fattah et al. (2009) [93]

MOPSO/MOGA Rajendra et al. (2012) [91]
MOEA Raj et al. (2017) [92]

Bén canh ti€u thy nang luong, mot mbi quan tam 16n khac cho robot dang nguoi la
su 6n dinh cua nd. Khai niém ZMP da duge cac nha nghién ctru lya chon dé dam bao
su 6n dinh cua robot dang nguoi.

Ames va dong nghiép trong [80] d3 tdi wu hoa cac tham sb dang di cua robot NaO

sao cho mau di bd (WP) cua robot gan dung voi miu di bo (WP) cta con ngudi sir
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dung phuong phap binh phuong tdi thiéu. Lin va va ddng nghiép trong [81] dd dé xuét
mot phuong phap can bang dong cho robot dang ngudi bang cach st dung mang no-
ron may tinh s hoc md hinh tiéu ndo (Cerebellar Model Arithmetic Computer -
CMAC). Phuong phéap nay c6 thé tim cic tham sb dang di duoc tdi uu hoa trong thoi
gian thye. Miller va dong nghiép trong [82] da cai tién thuat toan diéu khién cho robot
dang nguoi tang tinh on dinh. Cu thé, Miller d@ mé hinh héa dang di nhu mot bo dao
dong don gian, 4p dung thut toan diéu khién PID va sau d6 thyc hién hudn luyén
mang no-ron. Phuong phap nay khong can biét thong tin dong hoc va dong luc hoc ma
robot dang ngudi van budc di 6n dinh. Zhou va dong nghiép trong [83] di sir dung hoc
ting cuong mo (Fuzzy Reinforcement Learning - FRL) dé tao mau di bo (WP) 6n dinh
cho robot dang ngudi. Mic du phuong phap nay khong yéu cau thong tin vé dong hoc
va dong luc hoc nhung khi sb bac tu do (Dof) cua robot dang nguoi tang thi thoi gian
dé dé tao mau di bd (WP) phu hop nhét cho mdt trang thai ciing ting. Jha va dong
nghiép trong [84] da sir dung GA dé tao quy tic co s cho bo diéu khién logic mo
(FLC) c6 thé tao ra dang di 6n dinh cho robot dang ngudi. Udai trong [85] dd dé xudt
GA va Mostafa cing dong nghiép trong [86] dé xuit WOA, dé t6i uu hoéa quy dao
héng cua robot dang ngudi sao cho do 1éch gitta ZMP va tdm ban chan tru 1a nho nhat,
diéu nay 1am ting tinh 6n dinh cua robot dang ngudi. Vundavilli va dong nghiép trong
[87, 88] d3 st dung hai phuong phap lai 13 GA-NN va GA-FLC d¢é tao ra cac dang di
6n dinh cho robot dang ngudi di 1én va xudng cau thang.

Mic du, nang lugng va do on dinh da dugc toi vu hda mot cach riéng biét nhu da
dé cap & trén, nhung c6 thé thiy rang hai muc tiéu nay dbi 1ap nhau [75]. Dé vuot qua
kho khin nay, nhidu nghién ctru di thyc hién t6i vu héa da muc tidu va mot sd két qua
da thuc trong thoi gian qua nhu sau. Lee va dong nghiép trong [89] di sir dung thuat
toan t6i wu da muc tiéu tién hoa (MOEA) dé tao ra mau di bo (WP) cho robot dang
ngudi v4i ba muc tiéu tuong phan: ning luong tiéu thu, tbe do di bd va d6 6n dinh. Dip

va ddng nghiép trong [52] da 4p dung mot thuat toan di truyén (GA) dé tao ra mau di
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bd (WP) cho robot dang ngudi voi hai myc tiéu tuong phan: toe do di bo va do 6n dinh.
Huan Dau va ddng nghiép trong [90] di ap dung mét thuét toan di truyén (GA) dé tao
ra mau di bd (WP) cho robot dang ngudi véi hai muyc tiéu twong phan: ning lugng tiéu
thu va d6 6n dinh. Pratihar va dong nghiép trong [91] cho thdy MO-PSO hoat dong t6t
hon MO-GA, trong viéc tdi wu hoéa dang di cho robot dang ngudi véi hai muyc tiéu
turong phan: cong suit tiéu thy va do 6n dinh. Piéu nay 1a do thuat toan PSO tim kiém
cac giai phap tdi uu ca trong khong gian tim kiém cuc bd cling nhu toan ciu. Jaj va
ddng nghiép trong [92] di 4p dung MOEA dé tao dang cho robot dang ngudi NAO voi
hai myc tiéu twong phan: d6 6n dinh va ning luong. Fattah va ddng nghiép trong [93]
str dung GA dé tao dang cho robot dang ngudi v6i hai muc tiéu ddi 1ap nhau 1a do 6n
dinh va cong suit.
1.3 Két luin

Mic du hién nay da c6 rat nhiéu 1y thuyét thanh cong trong viéc xay dung quy dao
va diéu khién robot dang ngudi duge img dung vao céac robot thyc té. Tuy nhién néu so
sanh v&i con ngudi trong nhiu cap do khac nhau thi cac két qua quy dao bude di cing
dang di cua robot dang nguoi c6 duoc, van chua thét su tu nhién, 6n dinh va bén viing.
R rang robot hai chan mé phong nguoi van dang ddi mat véi rat nhiéu thach thice phai
vuot qua. Trong luiin 4n ndy, tac gia thuc hién nghién ctru va phat trién bo tao dang di
(WPG) phu thudc 4 théng s6 ctia Dip (chiéu dai budc - S, d6 nhic chan - H, do khuyu
gbi - h va d6 lac hong - n) [52] két hop cac phuong phéap toi wu héa ngiu nhién va mo
hinh mang no-ron tién héa thich nghi dé robot hai chan budc di on dinh va ty nhién
nhu con ngudi. Muyc tiéu nghién ctru trong tim cua ludn 4n bao gdm céc van dé sau:
Dip da dé xuét bo tao dang (WPG) phu thudc 4 thong s6 (S, H, h, n) va thuc hién t6i wu
4 thong sb cuia bd tao dang (WPG) dé robot hai chan (kich thude nho) bude di 6n dinh
v6i van tdc nhanh nhat co thé sir dung thuit toan di truyén (GA). Tuy nhién, dé bét
chuét dang di cta con nguoi thi robot hai chan phai kiém soat duoc do nhic chan. Vi

vay, tac gia tiép tuc thuc hién toi vu 4 thong sb dang di (S, H, h, n) cta bd tao dang

19



(WPG) dé robot hai chan budc di 6n dinh véi d6 nhic chan mong mudn sir dung céc
phuong phap tdi ru hda ngau nhién (meta-heuristic optimization approaches).

- Trong qua trinh robot hai chan budc di thi 4 thong sb cua bo tao dang (WPG) cta Dip
1a khong doi. Piéu nay lam cho robot hai chan kho thuc hién bude di on dinh va tu
nhién v6i 1 quy dao ZMP mong mudn. Dé vuot qua kho khin nay, tac gia thuc hién
nhan dang 4 thong sé cua bd tao dang (WPG) nay sir dung md hinh mang no-ron tién
hoa thich nghi (AENM) dugc tdi vu béi thuat toan MDE.

- B6 tao dang (WPG) phu thudc 4 thong sb (S, H, h, n) cta Dip dugc dé xuit nim 2009
chi ap dung cho robot hai chan trong giai doan budc di va thiéu giai doan chuan bi va
giai doan két thiic véi tén goi 1a bd tao mau di bo ty nhién (N-WPG). Pé b sung, tac
gia tiép tuc hoan thién bo tao dang di (WPG) ctia Dip véi ddy du 3 giai doan nhu mong

muon.
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CHUONG 2 TOI UU HOA DANG PI CHO ROBOT HAI CHAN KiCH THUGC
NHO BUOC PI ON PINH VOI PQ NHAC CHAN MONG MUON SU DUNG
THUAT TOAN TIEN HOA VI SAI CAI TIEN (MDE)

2.1 Giéi thi¢u

DPong luc hoc cua robot dang ngudi c6 ban chét phi tuyén va rat khé phan tich [94].
Dé tién nghién ctru, mot s6 mo hinh robot dang nguoi duoc luge gian da dugce ap dung,
trong d6 mé hinh con lic ngugc duge dung rong rdi hon ca. Theo mé hinh nay, khéi
luong robot dang ngudi duoc qui vé & khdi tim (center of mass — COM) ciia con lac
nguoc. M hinh con lic nguge rat hiru dung dé khao sat 6n dinh cho budc di ctia robot
ngudi théng qua tinh toan vi tri ZMP (Zero Moment Point) nim trén mit phing budc
di cua robot ngudi. On dinh budc di cho robot hai chan dugc bao dam khi diém ZMP
nam trong dién tich da gidc duoc bao phit boi ban chan chan tru cua robot dang nguoi.
Nhiéu phuong phap dya trén nguyén 1y nay da duoc dé xuat dé tinh toan quy dao budc
di 6n dinh, trong d6 robot dang ngudi ASIMO (Hing HONDA — Nhat ban) 1a vi du
tiéu biéu khi tinh toan xdy dung quy dao budc di dua trén nguyén ly ZMP [95].

Gan day, mot s6 nghién ciru tip trung cai thién hiéu qua cho dang di cua robot hai
chan. Huang trong [46] giéi thiéu dang di 6n dinh st dung bd phat dang di dung ham
noi suy. Phuong phap nay dugc D. Huan phat trién, thong qua thuat toan GA, dé tdi uu
bo phat dang di gitip robot hai chan budc di 6n dinh véi ning lugng tiéu hao it [90].
Dip va cong sy [52] gidi thiéu dang di on dinh voi van toc khong d6i sir dung bo phat
dang di ham sin. C4c thuat toan duogc ap dung trong phuong phap nay dé tdi uu bo phat
dang di cho robot hai chan nhu thuat toan di truyén (GA) [52], thuat toan tdi vu bay
dan (PSO) [96]. Shaffi trong [97] gidi thiéu robot hai chan dat dang di bén vitng nhd sir
dung bo phat dang di dung chudi Fourier. Phuong phap nay st dung cac thuit toan dé
phat trién bod phat dang di cho robot hai chan, nhu thuat toan tdi wu dan ong [98], bo
diéu khién T-S md [99], thuat toan tinh toan tién hoa [75]. Pic biét, theo hiéu biét cua
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nghién ctru sinh thi tiém ning rit manh cia giai thuat tién hoa vi sai (Differential
Evolution — DE [100]) cho dén nay van chua dugc ap dung dé t6i wu bo phat dang di
cho robot hai chan theo hudng Dip[52]. Son va cong su [101-102] dé xuét thuat toan
MDE dua trén DE ban dau st dung hi¢u qua trong viéc xac dinh thong s6 cua hé théng
MIMO véi tdc do tinh toan nhanh va kha nang thoat khai cuec tri cuc bo.

Dua trén cac két qua da dé cap ¢ trén, chuong nay dé xudt b phat dang di cho
robot hai chin dya vao thuat toan tién hoa vi sai cai tién (MDE-Modified Differential
Evolution [101-102]), dua theo phuong phap buéc di dong, va sit dung tiéu chudn ZMP
[103] dé duy tri sy on dinh. Thuat toan MDE cho phép thu dugc két qua tot lién quan
dén tinh chic chin, kha nang hoi tu cao, gia tri ham muc tiéu t6i thiéu thap va dat hiéu
qua cao hon so voi thuat toan t6i hoa wu bay dan (PSO) va thuit toan di truyén (GA).

Két qua md phong va thuc nghiém cho thay sir dung thuat toan MDE cho phép tdi
wu hoa cac tham sb dang di dé robot hai chan dat dang di 6n dinh véi do nhic chan
chinh xac. M6 hinh robot hai chan kich thudc nhé (HUBOT-5) duoc dung dé kiém
chtng cac két qua thong qua thuc nghiém.

CéAu trac cua chuong nay nhu sau: muc 2.2 gidi thiéu mo hinh robot hai chan, muc
2.3 trinh bay quy hoach déng di cho robot hai chan, muc 2.4 thyc hién ti wu thong sd
dang di str dung thuit toan tién hoa vi sai MDE, muc 2.5 trinh bay két qua mé phong

va thuc nghiém, muc 2.6 trinh bay két luan.

2.2 M6 hinh robot hai chan

Robot hai chan kich thuéc nhé (HUBOT-5) c6 than trén va hai chan nhu mé ta
trong Hinh 2.1. Mdi chan c6 khau dui, khau cang chan, khau ban chan véi tong cong 6
bac ty do (BTD) gdm 3 BTD & khép hong, 1 BTD & khép gbi va 2 BTD 6 khép cb
chan. HUBOT-5 c6 thé bit chude dong tac di b cia con ngudi theo mit ding ngang
(YZ-Frontal View) va miat dung doc (XZ-Sagittal View). Tong khdi luong cua
HUBOT-5 khoang 1,5 kg (gom thiét bi truyén dong, cam bién, bd diéu khién va
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khuyéch dai) va cao khoang 50cm. HUBOT-5 dugc thiét ké dam bao cdu tric dong hoc
day du, mdi BTD twong tng v6i 1 bd truyén dong doc 1ap. Pong co Servo DC loai
HD-1501 ciia hang Power HD (www.chd.hk) dugc sir dung 1am phan tir truyén dong.
Uu thé ndi bat ciia dong co HD-1501 13 nhé gon va nhe (60 gam) véi momen xodn cao

(1.7 N.cm). Tin hiéu diéu khién dong co servo duoc gui tir Vi diéu khién Arduino.

Hinh 2.1: Hinh 4nh mé t4 robot hai chan HUBOT-5 véi 12 (BTD).

Nghién ctru ndy quan tim dén bai toan diéu khién robot hai chan budc di thing nén
than trén ciia robot hai chan duoc gitt ¢6 dinh va chi diéu khién than dudi c6 10 dong
co & hai chan véi 10 goc quay twong ddi (6,,6,,6,,0,,0,,6,,0,6, .6, ,6, ) dugc dinh nghia
nhu trong Hinh 2.2.

(Pix, Py, Piz) 1a toa do thé hién vi tri cia cac bac tu do (BTD) duoc dat ¢ cac khop cua
hai chan cua robot dugc hién thi trong Hinh 2.2. P; va P> biéu thi vi tri ctia hai BTD &
¢ chan trai. P; dai dién cho vi tri caa BTD & dau géi cua chan trai. P4 va Ps dai dién

cho vi tri cua hai BTD & hong cua chan trai. Py va Pjo dai dién cho vi tri cia hai BTD &
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cO chan phai. Ps dai dién cho vi tri cia BTD ¢ dau goi cuia chan phai. Ps va P7 dai di¢n

cho vi tri ctia hai BTD ¢ hong cua chan phai.

Mait dimg ngang Mat dimg doc

Hinh 2.2: M6 hinh két cau robot hai chan HUBOT-5.
Tam giéi han cua 10 goc quay duoc xac dinh dira trén kha ning thyc té cia HUBOT-5
nhu trinh bay chi tiét trong Bang 2.1.
Bang 2.1: Gid1 han goc quay
Géc Mitphing Chin Khép Gia tri

b YZ Phai  Cochan -20° to 20°
0, XZ Phai  Cdchan -30°to 30°
0, XZ Phai  Goi -30° to 30°
0, XZ Phai  Héng -30° to 30°
0 YZ Phai  Héng -20° to 20°
0  YZ Trai  Hong -20° to 20°
0, XZ Trai  Hong -30° to 30°
b  XZ Trai  Goi -30° to 30°
9, XZ Trai  Cdchan -30° to 30°
b, YZ Trai  Cbchan -20°to 20°
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2.3 Quy hoach dang di cho robot hai chan HUBOT-5

Bén tham sd quan trong ctia robot hai chan giup budc di 6n dinh bao gdm S-chiéu
dai budc chan [cm], H-d6 nhac chan [cm], -0 khuyu gbi [cm] va n-dd lic hong [cm]
duoc minh hoa trong Hinh 2.3. Trong do, do 1a chiéu dai than trén, d; 1a khoang cach
giita 2 diém P, va P>, d> 12 khoang cach gitra 2 diém P2 va P3, ds 1a khoang cach giira 2
diém P;va Py, ds1a khoang cach gitra 2 diém Py va Ps.

Theo Huang [46], néu biét quy dao hai ban chan (P; va Pio) va quy dao hong (Ps)
thi tit ca quy dao cua cac khép & 2 chan robot dang ngudi cé thé xac dinh duoc véi cac
rang budc dong hoc. P; va Ps 1a 2 diém tham chiéu tai c6 chan va hong cta chan trai,
Pio 1a diém tham chiéu tai chan phai, nhu minh hoa trong Hinh 2.3. Pé thiét 1ap quy
dao cua 3 diém tham chiéu P;, P va Ps cho robot hai chan: Shih [68] chon qu¥y dao
ciia P; va P c6 dang ham sin va st dung phuong phap lip dé tim quy dao cua Ps;
Huang [46] 4p dung ham ndi suy bac 3 dé tim quy dao cia P; va P, va ap dung
phuong phap lap dé tim quy dao cua Ps; Dip [52] gia st quy dao cta P, Piova Ps 1a
nhirng ham sin phu thudc 4 théng sd.

Nhu chi ra trong Hinh 2.3, quy dao hong R=[PR,, B, P, ] va quy dao c6 chan p=

[A., B,, B.] cua chan truy, quy dao ¢6 chan B,=[PR,,, R,,, B, ] cua chin di chuyén s&

phu thudc vao 4 tham sé (S, H, h, n) trong ca mat ding ngang (YZ-Frontal View) va
mat dung doc (XZ-Sagittal View) [52]. Quy dao R, P, R, 1a nhitng ham phy thudc thoi

gian va c6 dang sin, thé hién qua cac cong thic (2.1), (2.2) va (2.3).

P, (t) zisin z[t—z]
' 2

fu(t —2T) —u(t — T)]
2 T

1P (t) = wu(t —2T) —u(t —T)]

1y

2.1)

[u(t —2T) —u(t — T)]

P
P (t)= Hsin w[‘—(t) +0.5
' N
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S |7 T
10x (Z) = —_sm _'[t __] [u(t) - u(t_ T)]
2 | T 2
1P, (1) = —w.lu(t) —u(t — 1]
” ) 2.2
| {Pm 0 22
P, (t) = Hsin|m.|=2=%+0.5||.[u(t) —u(t — T)]
L | S
P (t) = ism E[T L ],
4 T 2
B (0)=nsin %T] u(r)—u [T _g]
s T T
—I—I’ZCOS[—[T——] u T——]—M(T—T)l,
T 2 2 (2.3)
PSy (t) = IDSyiﬁrstihalficycle (t)[“(t) —u(t—T)]
- F)Syiﬁrstihalficycle (t) [u(t - 2T) - u(t - T)])
P_(t)=(d +d,+d,+d,—h).
M
(
Pin P
Mat dimg ngang

Hinh 2.3: Bén tham s6 anh hudéng dén dang di robot hai chan HUBOT-5
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trong do: 7T'1a thoi gian thue hién 1 budc di cuia robot hai chan, w 1a khoang cach gitra 2
chan, i d6 khuyu gbi,
t nfu0<r<T 0 néur<0
T:{t—T néur>T ’u(t):{l néur>0

Dua vao cac cong thire (2.1-2.2-2.3), quy dao hong va quy dao cb chan cta chin
try, quy dao cb chan cua chan di chuyén duoc str dung dé tao dang khi di cho robot hai
chan.

Vai tro cta 4 tham s (S, H, h, n) anh hudéng dén do 6n dinh dugc thuc hién nhu
sau: 10 bo tham sb déang di duoc chon nhu Bang 2.2, sau d6 tim quy dao ZMP trong 1
chu ky tuwong tmg véi timg bd tham sé. Hinh 2.4a-2.4e minh hoa 10 quy dao ZMP va
GCoM (hinh chiéu CoM xudng mit dat) tuong ing véi 10 miu trong Bang 2.2.

Bang 2.2: Thong s6 cua 10 dang di

Mau | S(mm) | H(mm) | A(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 6 10
10 | 400 10 6 10

Hinh 2.4a — 2.4¢ minh hoa 10 quy dao ZMP va GCoM (hinh chiéu CoM xudng

mit dat) trong Gng v6i 10 miu trong bang 2.2.

27



Y-axis(cm)

Y-axis(cm)

10 T T T T
5F ]
—_ // 17
2 - ~__~- S~
S 51 - > ~_ 4
> e S
// \\
-10 ~ ~ 1
~ ~
N
15 1 1 I 1 1
-15 -10 5 0 5 10 15
X-axis(cm)
ZMP & GCOM
10 — T T T T T
[Mau 2]
51 4
= N
£, -7 Sl
o [ - -
o ~
2 - i — S~
© 5 ~ SR —~ ™ i
T _ ~ ~ N
> ~ ~
~ ~
ok - ~.l_ |
~ N
~
15 1 1 L 1 1
-15 -10 5 0 5 10 15
X-axis(cm)

Hinh 2.4a: Mau 1&2
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Hinh 2.4b: Mau 3&4
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Hinh 2.4d: Mau 7&8
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Hinh 4.9: Mau 9&10

Trong hinh 2.4a, mau 1 cho thiy viéc chon tham sé lic hong () 16n qua hodc nho
qua s& 1am quy dao ZMP c6 luc s& nim ngoai ving chan d5. Trong hinh 2.4b, miu 3
cho thiy viéc chon d6 khuy gbi (4) it qua cling anh huong dén ZMP, vi c6 thoi diém
ZMP niam ngoai vung chan d&. Trong hinh 2.4c, miu 5 va 6 chon d6 dai budc chan (S)
rat ngin dé ting d6 on dinh, nhung néu chon d6 lic hong khong hop 1y van c6 thé anh
huong dén ZMP. Nhu vay, khi thay d6i b bon tham s S, H, & va n ¢ thé giup robot
hai chan di 6n dinh véi d6 nhac chan dugc cai dit trude.

Cudi cung, quy dao cia 10 gbc quay & 2 chan robot hai chan trong 1 chu ky budc

di c6 thé xac dinh dya vaor=[r R ,P.], B=[P, P

5y

s P.]1va B=[R, R, R ] Bai
toan dong hoc nguoc robot hai chan c6 thé dugc giai bang phuong phéap giai tich hoic
phuong phap s6 hodc phuong phap hinh hoc. 10 goc khép quay ¢ 2 chin cua robot hai

chan HUBOT-5 duogc xac dinh nhu cong thuc (2.4).
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(2.4)

trong d6: y, (), 2, (¢),3, (£), 2, (£),0, ()0, () 0c (£).0, (£). 3, (¢)ox, (£),4,(¢),1.(¢) tai thdi diém ¢ xac

dinh, dugc dinh nghia nhu Hinh 2.5 va cong thuc (2.5). Luu y, / 1a khoang cach gitra

P, va P, trong khi / 1a khoang céach gitta B, va P,.

P56
EN
1/ oY
a8 64 ’
') Po ) P2
Pio Pi
Mat dimg ngang Mat dimg doc

Hinh 2.5: Dinh nghia cac bién trong cong thuc (2.4)
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xl :PSX_RX’ yl P Ply’ Zl f)Sz _Rz’
2
I = J(ar—P Y +(,-B,) +(P-P.).
P Ple’ yr P PlOy’ Z/ :F)62_1)102’
2
\/ +(P, =B, ) +(B.-R.) 2.5)
2_ 2 d . 0
6, = arccos m , 8, =arccos L(A) ,
2d.d, 1
2_ 2 d : 9
0,. = arccos d;+d; =l , 6, =arccos d5in(0) :
2d,d, l;

trong d0: d,, d,, d,va d, duoc minh hoa trong Hinh 2.3. Toa d§ 7 (x,y,z) dugc tinh dua
vao P(x,yz), con toa dO [P (x,y.z), P(xyz), P(xyz), B(xyz)] dugc tinh dya vao
[Pl(x,y,z), Ps(x,y,z) , P6(x,y,z),PlO (x,y,z)] va cac goc quay [6,, 0., 6,, 6,]. Cong thirc (2.6)

dué6i day duoc sir dung dé tinh 2, P, B, P, B,.

P,=R, P.=dcos(q), B,=P,sin(d),

P.=R, F.=P.—d,cos(6), P,=P,~(R. ~P.)sin(6),

R.=P,, PB,=P,-w, PR, =P, (2.6)
P,=F,, PB.=PF.—d,cos(6,), B, =k, ~(F. —P.)sin(6,),

B, =Ry, B.=R,+d,cos(6,), B, =Ry, +(PR.~R)sin(8,)

Dua vao cac cong thuce (2.4-2.5-2.6), 10 quy dao gbc quay & hai chan cua robot hai
chan HUBOT-5 trong 1 chu ky budc di dugce str dung dé diéu khién budce di.
Nhu vay b bdn tham sb H, h, s va n can duogc lua chon sao cho robot hai chan c6 thé
bude di 6n dinh v&i d6 nhic chan duge cai dat trude. Bai bao sir dung giai thuat tién
hoa vi sai cai tién (MDE-Modified Differential Evolution) dé giai quyét thoa dang yéu

cau trén.

2.4 T6i wu tham s dang di sir dung thuit toan tién hoéa vi sai MDE

2.4.1 Gidi thuit MDE
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Thuat toan MDE dugc phat trién dua trén thuat toan DE trong [100] do Storn va
Price dé xuit vao nam 1997. Thuit toan DE gém 5 buédc nhu sau: khéi tao, dot bién, lai
ghép, chon loc, hdi tu. Ma code thuc hién thuat toan tién hoa vi sai co ban duge md ta
nhu Bang A1 (Phu luc A).

Dot bién dong vai trd quan trong trong kha nang tim kiém va tdc d6 hoi tu ciia DE.
C6 bdn 4 kiéu dot bién da duoc gi61 thi¢u cho DE véi cac muc dich khac nhau. Vi dy,
v6i cac kiéu dot bién rand/1, DE tim kiém toan cuc rat mang nhung yéu trong tim kiém
cuc bg phuong. Sau do, hoi tu voi két qua t6i wu toan cuc. Ddi vai kiéu dot bién best/1,
DE tim kiém cyc b rat tot, nhung bi han ché khi tim kiém toan cuc. Do d6, dé dang roi
vao cac két qua t6i uu cuc bo [105]. Dya trén cac phan tich trén, Son va dong nghiép
dd dé xuit MDE cai tién [101-102] nhu sau: dot bién cua DE dugc sira dbi bang cach
két hop hai kiéu dot bién rand/1 va best/1 voi nhau dé tao vecto dot bién thay vi chi st
dung mdt kiéu dot bién hodc rand/1 hodc best /1 nhu DE co ban. Cai tién nay nham
muc dich can bang giita tham do toan cyc va kha ning tim kiém cuc bo. Kiéu dot bién
méi dugc mo ta nhu sau:

If rand[0,1]>0.3

v, =x, +F(x, —x,) %use"rand /1"

else

V; =Xy +F(x, —x,) Youse"best /1"

End

T co ché trén, c6 thé nhan ra réng ddi v&i mdi vector dot bién, chi mot trong hai
kiéu dot bién duoc ap dung, tuy thudc vao gia tri ngiu nhién dugce phan bd déu trong
pham vi [0,1]. Dbi v6i mbi vector dot bién, néu gia tri ngau nhién lén hon 0.3, thi
rand/1 duogc thyc hién. Nguoc lai, best /1 dugce thuc hién. Do do, bét ky mot véc-to me
& thé hé hién tai thi mot véc-to dot bién twong tmg ludn thyc hién chién lugce di dé xuat

dé co6 co hoi nang cao kha nang tham do toan cuc va khai thac cuc bd.
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Trong nghién ctru ndy, nghién ctru sinh nhén ra rang ty 16 0,7 / 0,3 cho rand/l va
best/1 1a mot gia tri can béng tdt cho ca tham do toan cuc va kha nang khai thac cuc b9.
Hé s6 dot bién (F) va xac xuét lai ghép (CR) khong cb dinh nhu trong tiéu chuan DE,
chung dugc tao ngiu nhién trong pham vi [0.4, 1] va [0.7, 1], twong tng. Cac tham sb
nay duoc gidi thidu tir [106] dé cai thién kha nang tim kiém ctia MDE-BP theo nhiéu
huéng tim kiém khac nhau.

Mai code cia MDE duoc phat trién boi Son va dong nghiép trong [101-102] duoc
mo ta trong Bang A.2 (Phu luc A).

2.4.2 Xdy dung Ham muc tiéu

bé danh gia cac tham sb dang di robot hai chan phai dinh nghia dugc ham muc
tiéu. Muc tiéu diéu khién robot hai chain HUBOT-5 1a nham dat dang di 6n dinh véi do
nhéc chan dugc cai dat trude. Mudn thé, diém ZMP ludn nim bén trong dién tich cua
vung chan tru [103].

Khi hai chan cham dat (hay pha d6i) thi dién tich ving chan try 14 dién tich bao quanh
ctia 2 ban chan cua robot hai chan, va khi 1 chan cham dit (hay pha don) thi dién tich
vung chan try 1a dién tich cua ban chan cham dét. Dién tich vung chan try trong hai

truong hop trén dugc minh hoa trong Hinh 2.6.

(a)

Hinh 2.6: Dién tich viung chan tru trong 2 trudong hop:
(a) 2 chan cham dét, (b) 1 chan cham dat.
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Néu ZMP nim trong ving dién tich ving chan try thi robot hai chan khong bi ngi
[107]. Nghia la, trong pha do6i robot hai chan kho bi nga hon pha don. Bai toan tinh
toan quy dao ZMP trong qua trinh robot hai chan budc di dugce trinh bay trong muc
2.4.3.

Tinh 6n dinh cua robot hai chan dugc dinh lugng boi1 khoang cach cia ZMP va tam
ctia ban chan try trong chu ky budc. Cac dang di bd voi tinh 6n dinh t6i da thu dugc

bang cach téi thiéu hoa ham fi ¢ cong thic (2.7) [52]:
(\/ Xup + Vour )-dt (27)

trong d6: T 1a thoi gian thuc hién 1 buée di va (x,,,,,) 14 toa do cua diém ZMP

L=

o%ﬂ

trong qua trinh robot hai chan thyc hi¢n budc di so véi goc toa do dat tai tam ban chan
try. Cong thtrc (2.7) 1a ham muyc ti€u tht 1. Ngoai ra, dé robot hai chan bam sat gia tri
d6 nhac chan da cai dat — #,, thi sai 1éch do 16n clia tham s6 do nhac chan — H véi do
nhic chan d3 cai dat — H,, (nhu cong thic 2.8) 1a ham muyc tiéu thi 2.

fr=|H,, —H| (2.8)
Nhu vay, d& HUBOT-5 ¢6 dang di 6n dinh voi do nhic chan duogc cai dit trude thi

ching ta tim gia tri cuc tiéu cua hai ham muc ti€u £ va f,, hay tim gia tri cyc tiéu cua
ham £ sau:

T

f \/xéMP + Vo )-dt
0

—Fy <xpp SFos—F, <xp <F),

ref _H|

f=A

+(1-X).|H

(2.9)

trong do, F, +F,, va F, +F,, la chi€u dai va chi€u rong cta ban chan robot va h¢ s6
A(0<A<1) dugc lya chon gitta mirc vu tién v€ do 6n dinh (A tang) vo1 muc sai 1€ch so

v61 do nhac chan mong muon (A gidm).

2.4.3 Tinh toan quy dao diém ZMP
DPiém ZMP c¢6 thé duoc tinh nhu cong thire (2.10) [46]:
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1 . n . 1 pad
_ z :,:1 m; (Zf +g) X = 2 HXE _z :,-:] [nyfy

Y, :Z‘ 1l Z +g ZA lm‘y‘z Zn] MQ*
. Z; m (% +g)

trong d6, m, 1a khdi lugng ciia khau thir i va (x.y,.z)1a toa do khdi tim cta khau thu i
trong hé truc toa do dé-cat, 7_va 1, 1a thanh phan momen quan tinh, ¢_va Q, 1a thanh
phan gia toc goc quay xung quanh tryc x va y tai khdi tim cua khau thu i, ¢la gia toc
trong truong.

Dbi véi HUBOT-5, gia thiét mo-men quan tinh va gia tbc goc tuyét ddi cua cac
lién két 1a ¢ nho dé bo qua, cong thie ZMP dugce tinh nhu cong thic (2.11) [108]:
S mxE =D mz,

) Z’l (2.11)
S s Y mie
Sm

Trong cong thirc (2.11), phan bd khdi luong m va toa do (x,,5,,z,) cua cac khau dugc

Xpup = Xcou +

Your = Yeou T

dinh nghia nhu trong Hinh 2.7, toa d cta khéi tim (COM) duoc tinh thong qua cong
thire (2.12), cac thanh phan gia tdc sir dung phép tinh sip xi nhu céng thirc (2.13).

mi, Pt
ma, Por md, PS5t
m7, P7t md, Pdy
m8, P8z . m3, P3¢

m9, POt m2, P2
mli0, PI0: mi, Pit
Mait dimg ngang

Hinh 2.7: Phan bd khdi luong va toa do cia cac khau
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o mx,
X, =
com Z:,:lm
Tl, my
Ycom = Zli; (212)
Zi:lml
Z:lzlmizi
Zprny =
com Z;mi
B X =% L X=X
MT Ty N T A,
. Yien = Vi .. Vi = Vi
Yipn = HA_I 5 Vi :—HAI (213)
) Zo —2Z .. Zi—Z
Zin :HA—Z‘; Ziy1 :HA—t

Toa do 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 dit tai tim ban chan try bang phuong phap hinh hoc thong qua
cong thire (2.14-2.15-2.16):

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

P (1)=p P (1)=dcos[o ()].p (:)=r ()sin[o ()],
P (1)=dsinfo, ()2 (e)=P (1)sin[o ()],

P ()=p (1)+d cos[o (:)]cos[o (1)],

P ()=p ()+dsinlo ()0 ()],

P (1)=p_ ()sin[o ()],

P () =p, (£)+d coslo, (£)— 0, (r)]cos[o (1)],

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

P (1)=r, ()sinfo (1)],

(P (1) =p_ (6)+d cos[o () =0 (£)+0, (:)]cos [0 (+)].

(2.14)
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[P ()=r (e)+d cos[o,(£) =0 (e)+0 (:)]cos[o ()],

p()=r ().p ()=r ()-wr ()=r ().

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

P ()=p ()-[p (1) p, ()sinfo ()],

P ()=r, ()+dsinlo ()],

P (1)=p (1)-d cos[o (:)]eos[o, (1)],

P ()=p ()-[p (0)-p ()]sin[o ()], (2.15)
P ()=p ()+dsinlo ()-0 (c
P ()=p, (1)-d coslo ()0 (¢

P ()=p () +dsinfo, ()0 (1)+0 ()],
P ()= (0)=d cos[0 (1) =0, () +6,(1)]eos[0, (1)].
p, ()=rp ()-[p, ()-r, ()]sin[s ()].

e @+r ()

P (1)
2
lp (- 2tent — © (2.16)

d
p()=p (1)+—.
| 2

trong do: 4,, d,, d,, d,va d, dugc mo ta trong Hinh 2.3.

Tham sb dang di
(S.H, h.n)

l

Bd phat quy dao
(Céng thire 1, 2, 3)
(PI. P35, PIOY

Déng hoc ngwoc

(Céng thiee 4)
[6.6,.6,.6,.6,
L85='97 65, 6;.6,
Déng hoc thuan

(Céng thiee 10)
]’})h:P]I:})_:f:R‘F })51
l})SFRHP'EHgFRDr

INP
(Céng thre 14-13-10)

(Xzp- Voe)

Hinh 2.8: Luu d6 khéi tinh quy dao diém ZMP.
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2.5 Két qua mé phong va thwe nghiém

Két qua md phong va thuc nghiém duoc kiém tra trén robot hai chan HUBOT-S5.
Thong s vat 1y cta robot hai chan HUBOT-5 duoc trinh bay trong Bang 2.3. Trong
d6: dp 1a chiéu dai than trén, d; 1a khoang céach giita 2 diém P; va P, d> 1a khoang cach
giita 2 diém P> va Ps, ds 1a khoang céach giita 2 diém P; va Py, ds1a khoang cach giira 2
diém P, va Ps, w 1a khoang cach giira 2 chan, nhu minh hoa trong hinh 2.3. F, +F,, va
F,+F,la chiéu dai va chiéu rong ctia ban chan robot. m 1a khdi lugng cua khau thi .

Bang 2.3: Thong s6 vat Iy cia HUBOT-5

Tham sb Gia tri
d, 6.0 cm
d, 4.2 cm
d, 9.1 cm
d; 8.0 cm
d, 9.3 cm
w 8.6 cm
F, 2.1 cm
F, 4.1 cm
F,=F, 39cm

m, 60 gam

i=0...10

Dé tim gia tri thich hop cho hé sb A ctia ham muc tiéu trong cong thirc (2.9), bang
cach chon A= 0.4 thi robot hai chan HUBOT-5 ¢6 dang di 6n dinh v6i d6 nhac chan
dugc cai dat trude H,,, va gia tri nay dugce st dung trong sudt qua trinh chay GA, PSO
va MDE.

Dé cac thuat toan t6i vu GA, PSO va MDE héi tu nhanh, tham sé dang di duoc

€161 han nhu trinh bay ¢ Bang 2.4.
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Bang 2.4: Gi6i han cac tham s6 dang di caa HUBOT-5

Tham s6 Chan duéi | Chin trén
S-chiéu dai buéc chan | 1.5 cm 25cm
H-d6 nhac chan 0.1 cm 5cm
h-d6 khuyu goi 0.1 cm 1.5 cm
n-d6 lac hong 0.1 cm 10 cm

Ban chat toan hoc clia cac thuat todn toi wu GA, PSO va MDE déu 1a thuét todn tim
kiém theo x4c sudt nén mdi thuit toan thuc hién huin luyén 10 lan khéc nhau, mdi 1an
huén luyén s& lap 500 1an (N=500) vé6i cung kich thuéc quan thé (NP=30) va cing sb
luong cac bién (n=4). P6i véi GA cb cac dé xuat nhu sau: dot bién déu, chon loc ti 18,
lai ghép 2 diém, xac sut dot bién (pm) duoc lwa chon thay d6i trong khoang [0.1; 0.3],
xéac suét lai ghép (pc) duoc lya chon trong khoang [0.7; 1.0]. Bang 2.5 trinh bay két
qua khao sat gi4 trj tham sb cua thudt toan GA.

Bang 2.5: Két qua khao st gia tri tham s6 cia GA

Truong hop | pm | pc f

1 0.1 [1.015.68077
2 0.1 [0.914.89913
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 0.25 (0.7 | 14.8928

Dua vao Bang 2.5, truong hop 6 cho gia tri ham muc tiéu nho nhat trong 7 truong
khdo sat, tham sd cta thuit toan GA dugc lua chon la: pm =0.2 va pc =0.7 dé thuc hién
so sanh v&i thuat toan PSO va MDE. Béi v6i PSO ¢6 cac dé xuit nhu sau: trong )
quén tinh (w) dugc lya chon trong khoang [0.4; 0.9], hé sb gia tbe (c1, c2) duoc lua
chon trong khoang [2; 2.0 5]. Bang 2.6 trinh bay két qua trinh bay khao sat gia tri tham

s6 cua thuat toan PSO.
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Bang 2.6: Két qua khao sat gia tri tham sb ctia PSO

Truong hop | ci 2 | 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 0.4 | 14.91537
9 2.0512.05|0.6 | 14.87307
10 2.05]2 0.6 | 14.87548
11 2 2.05]0.6 | 14.87548

Dua vao Bang 2.6, trudng hop 4 cho gia tri ham muc tiéu nhoé nhit trong 11 trudng
khdo sét, tham sb cua thuat toan PSO duoc lya chon 1a: ¢i= ¢2=2 va w=0.6 dé thuc hién
so sanh véi thuét toan GA va MDE. DBdi v6i MDE duoc lua chon 1a: hé s6 dot bién (F)
va xéc suét lai ghép (CR) duoc chon ngiu nhién trong khoang [0.4; 1.0] va [0.7; 1.0]
cho tirng ca thé trong mdi 1an 1ip. Bang 2.7 trinh bay gia tri tham s cua thuat toan GA,
PSO va MDE.

Bang 2.7: Cac tham s6 cua thuat toan GA, PSO, MDE

Phuong phap Tham sb Gia tri
GA X4c suét dot bién (pm) 0.2
Xéc suit lai ghép (pc) 0.7
PSO Hé s6 gia toc 1 (C1) 2
Hé s6 gia toc 2 (C2) 2
Trong s6 quan tinh (w) 0.6
MDE Hé s6 dot bién (F) Ngau nhién [0.4; 1.0]
Xéc sudt lai ghép (CR) | Ngiu nhién [0.7; 1.0]

Cai dat do nhic chan cia HUBOT-5 1a H,,= 2cm. Bang 2.8 trinh bay gia tri thong
sO dang di toi wu va gié tri tot nhat ham muc tiéu cia 10 1an chay twong Gmg véi 3 thuat

toan GA-PSO-MDE, Hinh 2.9 minh hoa gia tri trung binh ciia ham muc ti€éu s sau 10
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14n chay cua ting thuat toan (GA: mau xanh 14 cdy, PSO: mau xanh dwong, MDE: mau
do).

Bang 2.8: Gi4 tri thong sb dang di toi wu va gia tri tot nhat ham muc tiéu cta 10 lan chay.

Lan Gia tri thong so dang di toi uu Gia tri tot nhat ham muc
S(cm) H(cm) h(cm) n(cm) tieu

GA PSO | MDE | GA | PSO | MDE | GA | PSO | MDE | GA | PSO | MDE GA PSO | MDE

1 15.08 | 15.00 | 15.00 | 2.03 | 1.97 | 2.00 0.78 | 1.01 | 0.804 | 6.78 | 6.42 | 6.89 1490 | 14.87 | 14.87
2 15.01 | 15.00 | 15.00 | 2.05 | 2.00 | 1.99 1.00 | 1.05 | 0.804 | 7.08 | 6.85 | 6.89 14.88 | 14.87 | 14.87
3 1539 | 15.00 | 15.00 | 1.99 | 2.00 | 2.00 0.67 | 1.04 | 0.804 | 5.05 | 691 | 6.89 14.88 | 14.87 | 14.87
4 15.57 | 15.00 | 15.00 | 1.70 | 1.94 | 1.99 0.68 | 0.10 | 0.804 | 6.34 | 8.51 | 6.89 14.89 | 14.87 | 14.87
5 1521 | 15.00 | 15.00 | 1.87 | 239 | 1.99 0.97 | 1.00 | 0.804 | 7.45 | 6.66 | 6.89 14.88 | 14.87 | 14.87
6 1545 | 15.00 | 15.00 | 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 | 15.00 | 15.00 | 1.68 | 2.63 | 1.99 0.74 | 098 | 0.804 | 6.28 | 8.90 | 6.89 14.89 | 14.87 | 14.87
8 1543 | 15.00 | 15.00 | 2.20 | 0.77 | 2.00 0.79 | 1.10 | 0.804 | 6.72 | 6.52 | 6.89 14.87 | 14.87 | 14.87
9 1526 | 15.00 | 15.00 | 1.97 | 2.00 | 2.00 094 | 1.06 | 0.804 | 7.08 | 7.82 | 6.89 14.88 | 14.87 | 14.87
10 | 15.62 | 15.00 | 15.00 | 1.96 | 1.78 | 1.99 1.06 | 1.04 | 0.804 | 7.11 | 6.68 | 6.89 14.89 | 14.87 | 14.87

Ham muc tieu cua ca the tot nhat trong moi the he

17.5 T T T T T T —
gia tri trung binh ham muc tieu-ga
gia tri trung binh ham muc tieu-pso
17 b gia tri trung binh ham muc tieu-mde | _|
.3 16.5 - ]
o
=}
S
E 16
@©
=
o
O 155
15
14.5 '  EE— ! E—
100 10" 102
The he

Hinh 2.9 Gia tri trung binh cua ham muc tiéu f
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Dua vao Bang 2.8, gia tri t6i wu cta bo tham sd dang di cho HUBOT-5 thoa muc
tiéu sau 10 1an chay véi timg thuat toan MDE , PSO va GA duoc trinh bay trong Bang
2.9. Hinh 2.10 khao sat diém ZMP va COM khi HUBOT-5 buéc di trong 1 chu ky
bude (T = 2s) twong Gmg voi bd tham sé dang di tdi vu sir dung cac thuit toan GA,
PSO, MDE.

Bo tham sd tdi wu véi tung thuat toan trong Bang 2.9 cho th?iy dat duoc muc tiéu
bam theo do nhic chan da cai dat 1a H,,= 2cm. Quy dao ZMP va COM tuong g voi
tirng thuat toan trong Hinh 2.10 cho thiy luén nim trong ving chén tru hay 1a dat duoc
muc tiéu budce di on dinh.

Bang 2.9: By tham s ti wu v6i timg giai thuat

H,r Gia tri toi wru ciia bd tham s6 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 15.00 | 15.00 | 15.00 | 2.05 | 2.00 | 2.00 1.0 1.04 | 0.804 | 7.08 | 691 6.89 | 14.88 | 14.87 | 14.87
ZMP & COM
10 T T T T T
COM-GA
ZMP-GA
* COM-PSO
O ZMP-PSO
5 % COM-MDE
O ZMP-MDE
/ /
/ /
/ /
/ /
0r / \ /
= / & G
S / 3
2 / 8§ \ / /
‘;‘5 // - BN /
5l , \)\/ 1: //
/ VAN %9 /
/N /
/ \ /
/ \
-10 |- /
/
/
15 I 1 1 1 1 I
15 -10 5 0 5 10 15 20

X-axis(cm)
Hinh 2.10 Khao sat ZMP va COM
Duya trén cac két qua mo ta & Hinh 2.9 cho thdy rang: thuat toan MDE tim kiém duogc

diém t6i wu c6 gia tri trung binh 13 14.8706495 sau khoang 144 thé h¢, trong khi d6
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thuat toan PSO la sau khoang 254 thé hé thi tim kiém duoc diém tdi wu nhung c6 gia tri
trung binh 12 14.87065, con thuat toan GA phai sau khoang 465 thé hé thi tim kiém
duge diém tbi wu c6 gia tri trung binh 1a 14.88492. Vay thuat toan MDE c6 chét lugng
va hi€u qua vuot trdi so voi cac thuat toan PSO va GA.

Bang 2.10 trinh bay gia tri t6i wu cta bd tham sb dang di ¢ HUBOT-5 budc di 6n
dinh v6i 2 truong hop co6 do nhéc khéc nhau sir dung thuat toan MDE.

Bang 2.10: Bo tham sb t6i vu

Hyer Két qua t6i vu MDE

(cm) | S(cm) | H(cm) | h(cm) | n(cm)
2.0 | 15.00 |2.00 0.80 6.89
4.0 | 15.00 |4.00 0.79 6.86

Hinh 2.11 [A] va [B] minh hoa 2 dang di 2D trong mit phang X-Z cuia HUBOT-5
tuong tng v4i 2 trudng hop c¢6 d6 nhic chan H=2¢m va H=4cm. Bang 2.10 va Hinh
2.11 cho thﬁy HUBOT-5 ¢6 dd nhic chan bam theo gia tri da cai dat.

2571 251
[Al * COM [B]
ZMP
20 —Legleft |20
— Leg Right
_15r _15r
£ £
o o
R 2
X x
@© @©
N 10T N 10
5r 5r
0 [ 1 1 1 1 1 1 O [ 1 1 1 1 1 1
30 20 -10 O 10 20 30 30 20 -10 O 10 20 30
X-axis(cm) X-axis(cm)

Hinh 2.11: Dang di 2D cia HUBOT-5 ¢6 d6 nhéac chan khac nhau.
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ZMP & COM [H=2cm]
T T

10 T T T T
(Al
5 L —
N - ~ -
g 0r /// :***j*\\\ /// _
@ - 0, ** ~~
X K ~N e * PARN * e
(p -5 r NS X - S N e —
> // \\ * //
- ~ Foxox kKT
10 + - >~ -
- ~
-15 | l l l l l
-15 -10 -5 0 5 10 15 20
% COM X-axis(cm)
0 ZMP ZMP & COM [H=4cm]
T T T
(B]
5 - —
. - ~ -
£ 0ot // ¥ ¥ \\ // 1
(&) £ * *
@ // *M *;K \\//
> * ~N Ve X N ¥ 7
§ 5f > %ol o~ FE o :
S - N * % % % % i
10 + -~ ~ - -
- ~ -
15 I I I I I I
-156 -10 -5 0 5 10 15 20
X-axis(cm)

Hinh 2.12: Quy dao ZMP va COM

Hinh 2.12 [A] va [B] minh hoa diém ZMP va hinh chiéu cia COM tuong tng véi

2 trudng hop c6 do nhic chan H= 2cm va H=4cm. Diéu nay cho thay diém ZMP ludn

nam trong dién tich ving chan try, nghia 1d HUBOT-5 khong bi nga.
Hinh 2.13 va Hinh 2.14 minh hoa hinh anh HUBOT-5 thuc hién budc di 6n dinh

v61 d0 nhac chan H ,=2cm va H,,=4cm.
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=2cm

ac chan o,

0

5 thyuc hién bude di 6n dinh véi d

Hinh 2.13: HUBOT

0 nhac chan A, ,=4cm

on dinh véi d

én budc di

Hinh 2.14: HUBOT-5 thuc hi
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Hinh 2.15 va Hinh 2.16 minh hoa 10 quy dao géc quay tham chiéu va goc quay
thuc té trong 1 chu ky budc ¢ 2 chan cua HUBOT-5, khi thuc hién budce di véoi 2 bo
tham s6 dang di c6 d6 nhac chan khac nhau (Bang 2.12).

Chan phai Chan trai

ﬁ 0.5 § 0.5
% 0 /N/ % 0 /X/
< -0.5 < -0.5

0 10 20 30 40 0 10 20 30 40
1 5 1
e
g 0s m g o5
S 0 3 0

0 10 20 30 40 0 10 20 30 40
~ 1.5 ~ 1.5
g g —_— ~— N
o § 0.5
= 05 0

0 10 20 30 40 0 10 20 30 40
2 o g !
= 05 3
5 I 0.5

0 10 20 30 40 0 10 20 30 40
g 0.5 g 0.5
=1 0 = 0
< -0.5 = -0.5

0 10 20 30 40 0 10 20 30 40

Steps tham chieu Steps
thuc te

Hinh 2.15: Quy dao 10 goc quay ¢ 2 chan HUBOT-5 ( #,,=2cm)

chan phai Chan trai
_,8\ 1 :'(; 1
£ o /\_#/ S o ﬁ\\_/
© 2]
S = 4
0 10 20 30 40 0 10 20 30 40
5 1 5 1
g 05 Sos W
g I 9
0 10 20 30 40 0 10 20 30 40
5 1.5 ~ 1.5
g 1 8 1
o 05 » 0.5
= 0 < 0
0 10 20 30 40 0 10 20 30 40
~ 1 —
8 g 1
% 0.5 %05
0 10 20 30 40 0 10 20 30 40
T 05 505
o o
s O N = 0
< -05 =-05
0 10 20 30 40 0 10 20 30 40
Steps tham chieu Steps
thuc te

Hinh 2.16: Quy dao 10 géc quay ¢ 2 chan HUBOT-5 ( #,,=4cm )
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Hinh 2.17 va Hinh 2.18 minh hoa 10 qu¥ dao sai Iéch ctia goc quay trong 1 chu ky
bude & 2 chan cia HUBOT-5, khi thuc hién bude di v6i 2 bd tham sb dang di c6 do
nhac chan khac nhau (Bang 2.12).

Chan phai Chan trai
~ 0.2 —~ 05
® ®
Foh—" T §
© v
= .02 ® .05
0 10 20 30 40 0 10 20 30 40
=~ 0.2 ~ 0.2
® ®
= 0 W\ S o w
~ <
= .02 ® .02
0 10 20 30 40 0 10 20 30 40
~ 0.2 ~ 0.2
g M\/W g
8 0 8 0 "/\\’\/\’\/V"\/\/\/\
«© (2]
® .02 ® .02
0 10 20 30 40 0 10 20 30 40
~ 0.4 ~ 0.2
® ®
£ 02 £ 0 W/ﬁ
B <
0 0.2
0 10 20 30 40 0 10 20 30 40
g 0.5 g 0.2
o o
= .05 T .02
0 10 20 30 40 0 10 20 30 40
Steps Steps

Hinh 2.17: Quy dao sai léch cua 10 goc quay ¢ 2 chan HUBOT-5( #,,=2cm)

Chan phai Chan trai

~ 0.2 —~ 02
B B
g 9 W g 9 w
© 0
= .02 .02

0 10 20 30 40 0 10 20 30 40
~ 0.1 ~ 0.1
B B
= 0 W £ 0 W
~ <
= .01 = .01

0 10 20 30 40 0 10 20 30 40
~ 0.2 ~ 02
K \/V\JW-/\N\ ®
£ o E o e
[ee) [s2]
= 0.2 ® 0.2

0 10 20 30 40 0 10 20 30 40
~ 05 ~ 02
8 /’\/AM g
2 0 £ 0 W
[} N
= .05 ® .02

0 10 20 30 40 0 10 20 30 40
g 0.2 g 0.2
g ° g
= 0.2 =02

0 10 20 30 40 0 10 20 30 40

Steps Steps

Hinh 2.18: Sai l1éch cua quy dao 10 goc quay ¢ 2 chan HUBOT-5( #,,, =4cm)
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Tom lai, cac két qua toi vu khi chay mé phong dd duoc thé hién diy du & Bang
2.10, Hinh 2.11, Hinh 2.12. Twong tmg, két qua thyc nghiém cua giai thuat dé xuét
nhing trén mo hinh robot hai chan kich thuéc nhé HUBOT-5 dugc thé hién trong Hinh
2.13, Hinh 2.14, Hinh 2.15, Hinh 2.16, Hinh 2.17 va Hinh 2.18, img v&i1 do nhic chan
H,,1an lugt 13 2cm va dem.

Cac két qua mo phong va thuc nghiém cho thiy viéc cai dit dang di c6 do nhac
chan theo y mudn — H,, vOi tham s6 dang di (chiéu dai budc —S, d6 nhic chan — H, do
khuyu gdi — & va do ldc hong — n) tbi vu gitp robot hai chan HUBOT-5 budc di 6n
dinh khong ngi va dat kha ning bam sat gia tri d6 nhac chan — H, theoy mudn, nhd
st dung thuat toan MDE da kha thi.

2.6 Két luan

Chuong nay gidi thiéu thuat toan mdi cho phép tao dang di can bang dong cho
robot dang ngudi dua trén thudt toan tién hoa vi sai cai tién MDE. Dau tién, dong hoc
nguoc dugce su dung dé uéc tinh vi tri cia cac dong co dait tai cac khdp ¢ 2 chan. Sau
d6, thuét toan to6i wvu MDE duoc sit dung dé tim gia tri tdt nhat cho cac tham sb dang di
cua robot hai chan sao cho robot dang nguoi bude di on dinh v6i d6 nhic chan cai dat
trude. Két qua mé phong va thuc nghiém trén robot hai chan kich thuéec nhé HUBOT-5
cho thiy viéc st dung thuit toan MDE vé&i ham muc tiéu hop 1y, cho phép robot hai
chan budc di bén vimg véi thoi gian huin luyén dugc rit ngan rat hiéu qua.

Két qua ciia nghién ciru nay duogc trinh bay ¢ bai bao [2], [4] va [6], trong danh
muc cong trinh cong bd cia tac gia.

Trong qué trinh robot hai chan budc di thi 4 thong sd ciia bo tao dang (WPG) cua
Dip 1a khong doi. Piéu nay 1am cho robot hai chan kho thuc hién budce di 6n dinh va tir
nhién véi 1 quy dao ZMP (Zero Momen Point) mong mudn. Pé vuot qua khé khin
nay, trong chuong tiép theo nghién ctru sinh thwe hién nhin dang 4 thong sb cua bo tao
dang (WPG) nay str dung mé hinh mang no-ron tién hoa thich nghi (AENM) duoc tdi
rru boi thuat toan tién hoéa vi sai cai tién (MDE).
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CHUONG 3 TAO DANG PI THICH NGHI CHO ROBOT HAI CHAN BUOC
PI ON PINH SU DUNG MO HINH MANG NO-RON TIEN HOA THiCH NGHI
(AENN) PUQC TOI UU BOI THUAT TOAN MDE

3.1 Gidi thiéu

Robot dang ngudi co ciu tric co hoc phuc tap nhung robot dang ngudi c6 kha
nang thuc hién duoc cic chuyén dong tinh té. Trong nhimg thap ky gin day, nhiéu
nghién ctru di tap trung vao linh vic robot dang ngudi dua vao chuyén dong cua con
ngudi [109-113]. Muc dich quan trong nhét cia cac nghién ctru duge thuc hién trong
linh vuc nay 13 c6 gang giai quyét van dé: lam thé nao dé robot dang ngudi c6 thé di lai
tu nhién va 6n dinh.

bé dat dugc muc tiéu nay, vi¢c tao mau di bo cta robot dang nguoi dugc thuc hién
bang cach st dung cac ky thuit hoc ting cudng [114-116]. Hon nira, phan 16n cac
nghién ctru vé bd tao mau di bo cta robot dang nguoi da dugce gidi thiéu dya trén tieu
chi (ZMP) [117]. ZMP 1a mét diém trén mit dét tai d6 cac mo-men phan lyc quanh bét
ky truc nao di qua diém do6 va tiép tuyén voi mat dat 1a bang 0. Do d6, néu ZMP nam
trong dién tich viing chan tru (tit ca cac diém tiép xuc giira ban chan va mit dat) thi sy
6n dinh cua robot dang nguoi khi chuyén dong c6 thé duge dam bao. Tuong tuw nhu
vay, Kondo et al. [118] dd m6 ta mot thuat toan md phong dang di ciia ngudi khuyét
tat, dua trén co s¢ ZMP. Ngoai ra, mot bd loc phan tich quy dao c¢6 rang budc [119]
nhu mot phan ciia b loc phan tich chuyén dong st dung ZMP lam tiéu chi on dinh.
Mot s6 dé xuat vé dang di duoc dua vao cong nghé nhu bd tao mau trung tim (CPG)
[120], hoc ting cuong [121]. Ngoai ra, Narukawa [122] va Safartoobi [123] d& xuat st
dung dong lyc thy dong dé dat duoc bude di hiéu qua voi cac co ché don gian.

Mit khac, mot sé nha nghién ctru da coi viéc tao dang di 1a mdt nhiém vu t6i uu
hoa da muc tiéu c6 rang budc. Nghia 13, tao dang di dong vai trd quan trong nhat dé

dam bao sy 6n dinh cia robot dang ngudi khi di bd. Vi du, dit liéu trong qua trinh
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chuyén dong cua con ngudi duge thu thap dé didu khién robot dang nguoi [124]. Tuy
nhién, vai bai bao chi ra rﬁng dir liéu van dong sinh hoc khong thé su dung truc tiép
cho robot dang ngudi, boi su khac bigt vé dong hoc va dong luc gitra con nguoi va
robot dang ngudi. Didu nay xac nhan yéu ciu cho viée stra d6i dong hoc trong viéc tinh
toan quy dao goc khop [125, 126]. Do do, viée tao ra dang di cua robot dang nguoi la
mot vain dé tdi wu hoa véi cac rang bugc [127, 128]. Vi duy, tbe dd chuyén dong [129,
130], tiéu chi 6n dinh, mirc tiéu thu ning lugng [131, 132], t6i wu héa can bing dong
chdng lai cac lyc bén ngoai xung quanh [133], ban chan mém mai [134].

Gan day, cac mo hinh mang no-ron va cac bg diéu khién no-rén duoc ap dung vao
nhan dang va diéu khién robot dang nguoi [135, 136]. M6 hinh mang no-ron duoc két
hop v6i mé hinh diéu khién truot (SMC — Sliding Mode Control) dé diéu khién robot
dang ngudi budc di on dinh va viing chic [137]. Ngoai ra, tdi vu hda mé hinh mang
no-ron dya vao cac thuat toan ngu nhién (meta-heuristic) nhu toi wu dan kién (ACO —
Ant Colony Optimization) [138], di thanh cong trong viéc nhan dang va diéu khién
robot dang nguoi. Mot bo tao mau di bd méi duge mo ta boi Dip [52], cac tac gia tim
bbn tham sb déng di ctia bd tao mau dé robot hai chan budc di 6n dinh vai van tdc toi
da cho phép str dung thuat toan GA. Tuy nhién, bon tham sé ndy c6 gia tri xac dinh
trong sudt qua trinh robot hai chan budc di. Lién quan dén thuét toan tdi wu ngiu nhién
m&i, Son va ddng nghiép [101, 102] d& xuat thuat toan MDE dua trén thuat toan DE
gbc dé nhan dang tham sb cta hé théng MIMO véi toc do hoi tu nhanh va kha ning
tranh khoi cuc tiéu cuc bd.

Dua vao phan tich trén, chuong nay dé xuat mot phuong phap méi cho viée tao
dang thich nghi cho robot hai chan bang cach két hgp mo hinh mang no-rén tién hoa
thich nghi (AENM) duoc nhan dang boi thuat toan tién hoéa vi sai cai tién (MDE). Cu
thé, dua trén dir liéu bét chuyén dong cua con nguodi duge st dung lam dir liéu huén
luyén va danh gia, cdc ham dang di dugc ndi suy va xac dinh. Sau do, bai toan tdi uu

hoa dugc xay dung dé€ to61 uu hoa cac hé s6 ciia ham dang di. Mang no-ron nhan tao
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(ANN) dugc ap dung dé sip xi cho cic ham muc tiéu va ham rang budc. Thuit toan
MDE thyc hién mdt kha nang ndi bat dbi voi van dé nhan dang da muc tiéu va da muc
tiéu. N6 ¢ thé dat duoc két qua tot lién quan dén do 6n dinh, d6 hoi tu cao, gia tri ham
muc tiéu thap va hiéu qua so voi thudt toan t6i vu bay dan (PSO) va thuit toan di
truyén (GA). Cu thé, quy dao ZMP tham chiéu duoc sir dung dé robot hai chan budc di
6n dinh. Trong chuong nay, mdt trinh bd tao dang di thich nghi duoc dé xuit dé tao
quy dao ZMP sap xi v6i ZMP tham chiéu. Trong két qua mé phong, phuong phap dé
xuét duoc 4p dung vao robot hai chan kich thuéc nho - HUBOTS. Cac két qua mo
phong xac nhan tinh kha thi ctia phuong phap duoc dé xuat.

Chuong nay dugc to chirc nhu sau. Muc 3.2 trinh bay cau hinh robot hai chéan kich
thudc nhd. Nhan dang va t6i wu mo hinh mang no-ron tién hoa thich nghi st dung thuat
toan tién hoa vi sai cai tién dugc trinh bay trong muc 3.3. Muc 3.4 gi6i thiéu két qua
nhan dang cua bd tao dang duoc dé xuét cho robot hai chan. Cudi cung, muc 3.5 trinh
bay két luan.

3.2 Cau hinh robot hai chan kich thwéc nhé

Robot hai chan kich thuéc nho (HUBOT-5) gém c6 phan than trén va hai chan
minh hoa trong Hinh 2.2 (chwong 2). Mdi chan ¢ 3 thanh phan: khau ban chan, khau
cang chan va khau dui. Khép ndi giita khau ban chan va khau cang chan goi 1a ¢b chan,
khép ndi giira khau cang chan va khau dui goi 1a dau gbi, khép ndi giira khau dui va
than trén goi 1a hong. Trong nghién clru nay, robot hai chan kich thudc nho c6 10 bac
tu do (BTD) goém c¢6 2 BTD tai hong, 1 BTD tai dau gdi, 2 BTD tai ¢6 chan va 5 BTD
tai moi chan. M6i BTD tuong mg véi 1 dong co dién. Chuong nay chi tap trung vao
robot hai chan budc di thang v6i quy dao ZMP duoc thiét ké trudc trén bé mat bang
phang. Vi vay, than trén cua robot dang ngudi duge gitr ¢d dinh va chi diéu khién 10
dong co ¢ hai chan véi 10 goc quay twong dbi (6,,0,,6,,0,,6.,06,.6,,6,.,6,,6, ) dugc dinh
nghia nhu trong Hinh 2.2. Trong hinh 2.2: (P;, P>) va (P9, P10) thé hién vi tri cac dong

co dat tai 2 c6 chan cia robot hai chan; Ps va Ps thé hién vi tri cac dong co dat tai 2 dau
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gbi cua robot dang ngudi; (Ps, Ps) and (Ps, P7) thé hién vi tri cac dong co dit tai 2 hong

cua robot hai chan.

3.3 Nhén dang va t6i wu mé hinh mang no-rén tién hoa thich nghi (AENM) sir
dung thuit toan tién héa vi sai cai tién (MDE)

Nhéan dang h¢ théng la xay dung mo hinh todn cua hé théng dua trén dir liéu quan
sat dugc. Qua trinh giai bai todn nhan dang hé théng 1a qua trinh ldp voi bdn bude: thi
nghiém thu thap dir lidu, chon cau trac mé hinh, chon tiéu chuan udc lugng thong sd va
danh gia chét lugng mo hinh. Chi tiét cac bude thuc hién nhan dang hé théng duoc
trinh bay trong cac tai liéu [152], [153]. Nhu trong [153], budc quan trong nhét trong
qua trinh giai bai toan nhan dang 13 chon céu tric mé hinh. Déi v6i hé phi tuyén, van
dé chon ciu tric md hinh bao gém chon vector hdi quy va chon anh xa phi tuyén. Cac
phan tir hdi quy duoc chon tir tin hiéu vao, tin hiéu ra trong qua khtr ctia hé thdng va
sai s& du bao trong qua khtr. Tuy theo cic phan tir hdi quy dugc lwa chon ma ta phan
biét cac loai mo hinh hop den phi tuyén. M6 hinh NARX 1a mé hinh dugc str dung phd
bién nhit trong da sé cac Gmg dung thuc té. Néu biét trudc rat it thong tin vé d6i twong
ta phai giai bai toan nhan dang hé théng chu yéu vao dit liéu vao-ra thyc nghiém quan
sat dugc. Trong truong hop ndy, mang than kinh 13 cdu trac mé hinh phi tuyén duoc
Iira chon dau tién dé mo hinh héa hé théng vi mang than kinh c6 tinh linh hoat rat cao,
c6 thé x4p xi ham phi tuyén tron véi sai s6 nho tiy ¥ néu sb té bao than kinh & 16p an
du 16n, dong thoi trong s6 ctia mang c6 thé hudn luyén hoan toan dya vao dir liéu ma
khong can thém bat clr thong tin gi khac vé dbi tuong can nhan dang. Céc thuat toan co
thé dung dé udc luong trong sd ciia mang nhu: thut toan lan truyén nguoc, thut toan
Newton, thuat toan tdi wu ngﬁu nhién.

Trong chuong nay, mé hinh no-roén tién héa thich nghi (AENM) duoc dé xuat dé
tao tham sb dau vao cho bd tao dang (WPG) nhu minh hoa trong Hinh 3.1. B9 tao mau

(WPG) dugc mé ta boi Goswami Dip [52]. M6 hinh no-ron tién hoéa thich nghi
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(AENM) duoc khéo sat 1a két hop gifta cAu trac mang no-ron da 16p (MLPNN) véi mé
hinh héi qui phi tuyén (NARX-Auto Regressive eXogenous model) thuong duge ding
trong k¥ thuat nhan dang. Nho két hop nay, mo hinh no-ron tién héa thich nghi két hop
duoc kha ning x4p xi rit manh cta mang no ron da 16p véi tinh nhé va du bao rit tot
ctia mo hinh héi qui phi tuyén NARX. Ngé ra cia md hinh no-ron tién héa thich nghi
12 ngd vao bo tao mau (WPG) va ngd ra ctia bo tao mau (WPG) la tao ra gia tri clia goc
quay tai khép ¢ hai chan robot dang ngudi. Ngod ra ciia mo hinh robot dang nguoi la gia
tri cta diém ZMP. Ngd vao ctia mo hinh no-ron tién hoa thich nghi 13 gia tri ctia diém
ZMP mong muén va ngd ra ctia mo hinh robot dang nguoi. Cac gia tri trong s6 ctia mo
hinh no-ron tién héa thich nghi s& dugc nhan dang tdi wu boi thuat toan tién héa vi sai

cai tién (MDE).

MDE
- Algorithm
A
ZMP R
desired | NNARX [[5.H.7.1] Walking
model » pattern
- generator
Z
‘\ —

[ZMP,,ZMP, |

Hinh 3.1: Dé xuét so dd diéu khién sir dung mé hinh AENM
3.3.1 Dé xudt mé hinh mang no-rén tién héa thich nghi (AENM)

Trong chuwong nay, mo hinh mang no-ron tién héa thich nghi duoc thiét ké voi 8 té
bao than kinh & 16p 4n, 4 t& bao than kinh & 16p vao: cac ngd vao la toa do cua diém
ZMP nhung bi tré mot budc (x[n-1] va y[n-1]) va toa do ctia diém ZMP mong muén
(xa[n], ya[n]), va 4 té bao than kinh & 16p ra: 4 tham sd (S[n], H[n], h[n], n[n]) va 4
tham sb nay chinh 13 ngd vao cua bd tao mau dang di (WPG), véi ciu tric nhu Hinh

3.2.
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Hidden
Input | layer | Output

Xg[n]
yaln]
X[n-1]
y[n-1]

4nodes | 8 nodes §4nodes

Hinh 3.2: D¢ xuit ciu triic mo hinh AENM
Ngd ra ciia md hinh mang no-ron tién hoa thich nghi (AENM) dugc mé ta nhu sau:

net,[n] = vT[n]x[n] +b,
1_ efneth

n=———
yh[ ] 1_|_e—neth

net,[n]=w"y,[n]+b,
V,[n]= net,[n]

trong do, net 1a tong co trong sd (v) cla tin hiéu vao (x) va mirc ngudng (bs) trudc khi
dua vao ham tac dong cua cac té bao than kinh & 16p an. yx 13 tin hiéu ra cta cac té bao
than kinh & 16p 4n. y, 14 tin hiéu ra cua té bao than kinh & 16p ra va c6 gia tri bang véi
téng co trong sd (w) cua tin hiéu (y) va mic ngudng (b,).

Trong s6 ctia md hinh mang no-ron tién hoa (AENM) dugc huin luyén dé ham
muc tiéu (3.1) dat gia tri toi thiéu. Him muc tiéu (3.1) dugc tinh toan dya vao tiéu
chuén sai s6 binh phuong t6i thiéu (LMS) nhu céng thiec (3.1).

Total Sample
(

f= 2.

1

zmp z

X, —desiredX )2 + (Yzmp —desiredep)z) 3.1

Pé dat dugc diéu ndy, trong chuong ndy thuat toan tién hoa vi sai cai tién (MDE)
dugc st dung.

Thuat toan MDE dugc phat trién dua trén thuat toan DE trong [100] do Storn va
Price dé xuit vao nam 1997. M4 code thuc hién thudt toan tién hoa vi sai co ban dugc
mo ta nhu Bang A.1 (Phu luc A). M3 code cia MDE duoc phat trién bai Son va dong
nghiép trong [101-102] dugc mo ta trong Bang A.2 (Phu luc A). Trong thuat toan
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MDE, X, ;= [ X, 65 --s X6 -oo» Xpig] VAU, o= [t - U5 o5 Uy, ;] dai di€n cho
véc-to muc ti€u va vecto thtr nghiém (D - chi€u) cua ca thé thir i trong thé h¢ thir G,

Xii.6

va u,,, dai dién cho phan tir thir j ctia véc-to muc tiéu va véc-to thir nghiém, cac
tham s F (hé sd dot bién), CR (x4c suat lai ghép) dugce chon ngiu nhién cho ting ca
thé va cho mdi budc 1ap, £ dai di¢n cho ham muc ti€u, v61 G =1, 2, ..., Gmax dai dién
cho s6 lwong thé hé vai= 1,2, ..., NP biéu thi kich thudc ctia quan thé, j=1,2, ..., D
dai dién cho s6 lugng tham $0.

3.3.2 Bo tao miu dang di (WPG)

Vai trd cta dong hoc nguoc 1a chuyén thong tin trong khong gian Cartesian sang
khong gian khép. Vi vy, ngudn gbe cia cac quy ludt thu duge dong hoc nguoc s& trinh
bay trong muc nay.

Bén tham sd quan trong ctia robot hai chan giup budc di 6n dinh bao gdbm S-chiéu
dai budc chan [em], H-d6 nhac chan [cm], -0 khuyu gbi [cm] va n-dd lic hong [cm]
duoc minh hoa trong Hinh 3.3. Trong do, do 1a chiéu dai than trén, d; 1a khoang cach
giita 2 diém P, va P>, d> 12 khoang cach gitra 2 diém P2 va P3, ds 1a khoang cach giira 2

diém P;va Py, ds1a khoang cach gitra 2 diém Py va Ps.

Pio

! S
Mit dimg ngang Mit dimg doc

Hinh 3.3: B6n tham s6 anh huéng dén dang di robot hai chan HUBOT-5
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Nhu chi ra trong Hinh 3.3, quy dao hong R= [~ , R, P ] va quy dao ¢ chan
R=1[R,, B,, B.] cuachan try, quy dao ¢ chan p,=[~,., Py, B,.]cua chén di chuyén
s€ phu thudc vao 4 tham $6 (S, H, h, n) trong ca mdt dung ngang (YZ-Frontal View) va
mat ding doc (XZ-Sagittal View) [52]. Quy dao R, B, B, 1a nhitng ham phu thudc thoi

gian va c6 dang sin, thé hién qua cac cong thirc (3.2).

R (t)=R,(1)=R.(t)=0,
Psx(t)=—sm( T—— j
P, (t)= nSln[ (sm( T]HDsm[ j

P (t)=(d +d,+d,+d,—h), (3.2)
S . (x T

ROX(f)Z—Sm(;(I—EDa

PlOy(t)__W’

trong do: T 1a thoi gian thyce hién 1 budce di cua robot dang nguoi, w 1a khoang céach

gitra 2 chan, 4 do khuyu gdi,

t nfu 0<t<T 0 néut<0
T= . ,u(t): . .
t—T néut>T 1 néur>0

Tir cong thirc (3.2), quy dao hong va quy dao cb chan cua chan try, quy dao cd
chén cua chan di chuyén duoc st dung dé tao dang khi di cho robot hai chan.
Tiép theo, thao luan viéc tinh quy dao gbc quay & 2 chan robot hai chin

(6,,0,,6,,0,.,6.,6,,0,,6,,6,,6,) sau khi biét dugc quy dao co chan try 1a

R=|PR,.B,.P.

], quy dao hong chan try la P, = [P P.,P :|Vé. quy dao cb chan di

5x275y>7 5z

chuyén 1 P, [ROX By, Bo. } nhu trong Hinh 2.2. Bai todn dong hoc nguoc robot hai
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chan c6 thé dugc giai bang phuong phap giai tich hodc phuong phap sb. Tuy nhién,
trong muc nay sé trinh bay phuong phap hinh hoc. Tham sé ctia mé hinh dong hoc
nguoc x, (1), y,(7), z,(¢), x,(¢), »,(¢), z,(¢), L,(¢), 1.(¢), 8,(2), 6,(¢), 6-(¢), 6,(¢)
dugc dinh nghia nhu Hinh 3.4 va cong thic (3.3). Tuy nhién, luu ¥ rang: /, 1a khoang
cach gitta P, va P,, /. la khoang cach gitta P, va P,. Trong do, d,, d,, d, va d, dugc

minh hoa trong Hinh 3.3.

gl o4 3
Ps Wi
') Po 1) Pz
Pio Pi
Mit dimg ngang Mat dimg doc

Hinh 3.4: Céc tham sb cua van dé dong hoc nguoc

-P

1z>

-P

1x°

x, =P,

S5x

v =F,-R

5y ly»

l:\/(P -P,) +(P,-P )2 (P.-PR.),
P RO‘C’ y P ROy’ Zr :Péz _PIOZ’

z,=P.

5z

2
L=\(P.~B.) +(B,~B,) +(P.~B.) (3.3)
2 d,sin(0
6, = arccos M , 6, =arccos M ,
2d.d. ]
2 2 d : 0
0,. = arccos dy +d; —l; , 0, =arccos dsin(0) :
2d2d3 1
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Toa do B, (x,y,2) duoc tinh dya vao P, (x,.2), con toa do [A (x.2), P(xy.2),
P, (x,y,z), I (x,y,z)] duoc tinh dua vao [H (x,y,z) , P, (x,y,z) R 1"6(x,y,z),P10 (x,y,z)] va cac géC
quay [4,, 6, 0,, 6, ]. Cong thirc (3.4) du6i day duoc st dung détinh A, P, P, B, B,.
P2x:P1x’ gz:dlcos(el)’ PZy:PZZSin(Hl)’
Pél-x:f)Sx’ Blz:f)Sz_d4COS(Hl)’ Bly:f;y_(f)Sz_Pétz)Sin(gl)’
Péy :PSy -, Pf)z :PSZ’ (34)
x?2 Bz:f%z_d4cos(910)’ f)7)7:f)6y_(f)62_f)72)8in(610)’
R,=Rh, +d, Cos(elo)a P9y :P10y+(P9 ROZ)Sin(HIO)'

Goc quay ¢ 2 chan cua robot dang nguoi duge xac dinh nhu cong thue (3.5).

z z

6, = arctan (&J, 6, =-6,

Z

0,, = arctan (&], 0, =-0,,

z

r

(3.5)
o, :%—HA +6, —arcsin();—l’j,

7 [ x
o, :E_QC + 6, —arcsin {l—:j,

ESSS

=0,-9,
,=6,-0,.

Cudi cung, st dung cac cong thirc (3.3-3.4-3.5), 10 quy dao géc quay ¢ hai chan
ctia robot HUBOT-5 trong 1 chu ky budc di dugc tinh toan dé kiém soat chinh xac va
hi€u qua dang di cia robot dang nguoi.

Nhu vay bon tham sb co ban H, &, s va n s& dugc chon mot cach tdi wu dé ZMP
cua robot dang nguodi dugc dam bao, do d6 gitp robot dang ngudi budc di theo quy

dao ZMP tham chiéu.
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3.3.3 Hoat dong ciia md hinh dé xuat

M6 hinh mang no-ron hoat dong nhu mot bo diéu khién vong kin dam bao robot
hai chan budc di 6n dinh. Céc ngd vao la toa dg cua diém ZMP nhung bi tré mot bude
(x[n-1] va y[n-1]) va toa d6 cua diém ZMP mong mudn (xd[n], ya[n]). Cac ngd ra la 4
tham s (S[n], H[n], h[n], n[n]) va 4 tham s nay chinh 12 ngd vao cta bd tao mau dang
di (WPG).

Trong s6 ctia md hinh mang no-ron tién héa (AENM) di dé xuat sé dugc nhan
dang va t6i wu bang cach st dung thuat toan ngiu nhién. Him muc tiéu duoc tinh toan
dua vao tiéu chuén sai s6 binh phuong t6i thiéu (LMS) nhu cong thirc (3.1).

Ban dau, cic trong s6 ctia mo hinh mang no-ron tién hoa thich nghi (AENM) dugc
khéi tao ngiu nhién. Sau do, cac trong sb cia AENM duogc cip nhat toi wu véi bdn gia
trj du ra (S, H, h, n) dé cip cho bo tao dang (WPG), bd WPG s& tao ra 10 gia tri goc
khép cho bo diéu khién di bd cua robot hai chan. Tiéu chuan ZMP duoc chon dé dam
bao dd 6n dinh cho robot hai chan budc di, ZMP duogc tinh toan tr AENM dugc so
sanh voi ZMP mong mudn. Sau d6, ham muc tiéu dwogc tinh nhu trong phwong trinh
(3.1). Phuong trinh (3.1) cho thiy, gia tri ciia ham muc tiéu cang nho thi mé hinh

AENM duoc dé xuit sé& dat duoc chinh xac hon.

3.4 Két qua nhin dang cia bd tao diang cho robot hai chin sit dung mé hinh
AENM

Cac két qua so sanh thu dugc tir ba thuat toan dugc thir nghiém, cu thé 1a PSO, GA
va MDE duoc dé xuit, s& duoc trinh bay day du. Mdi thuit toan ngiu nhién dugc ap
dung dé huin luyén AENM duoc thyc hién 10 1an véi céac trong sb ban dau ng?lu nhién
khéac nhau. Mdi 14n huin luyén s€ 1ap 200 thé hé cho muc dich so sanh.

Céc tham sb cua ba thuat toan t6i uu hoa duge tong hop trong Bang 3.1. Cac tham

sO ¢y, c2 dai dién cho gia toc va w dai dién cho quan tinh cta thuat todn to61 wu hoa PSO.
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Trong trudng hop thudt toan GA, tham sé CP tuong Gmg voi xac suit lai ghép va gia tri
MP tuong tng v&i xac suat dot bién.
Bang 3.1: Cac tham s6 cua céac thuét toan GA, PSO, MDE
PSO GA MDE
c;10.001 |CP |09 |F |Random[0.4;1.0]

c210.05 | MP|0.01 | CR|Random [0.7; 1.0]
w | 0.8

Qua trinh nhan dang dugc thuc hién boi MATLAB phién ban 2014b trén may tinh
Intel Core 153210m véi tde do 2,5GHz va 8,00 GB RAM.

Hinh 3.6 trinh bay két qua so sanh vé sy hdi tu ciia ham muc tiéu tuong ting ba
thuat toan dugc thir nghiém, dé 1a PSO, GA va MDE dugc dé xuét trong hé truc toa do
logarit. Mau xanh 14 cay dai di€n cho sy hoi tu cia ham muc ti€u st dung thuat toan
PSO, trong d6 duong gach ngang mau xanh 14 cay la sy hoi tu ctia ham muc ti€u trung
binh duogc tinh tir 10 duong chdm mau xanh 14 cady. Tuong ty, mau xanh lam dai dién
cho su hoi tu cia ham muc ti€u st dung thuat toan GA, trong do, duong gach ngang
mau xanh lam 1a sy hoi tu ctia ham muc tiéu trung binh dugc xac dinh tr 10 dudng
chdm mau xanh lam. Cubi cung, mau do dai dién cho sy hoi tu cua ham muyc tiéu s
dung thuat toan MDE dugc dé xuit, trong do, duong gach ngang mau doé 1a sy hoi tu
ctia ham muc tiéu trung binh dugc tinh tir 10 dudng chAm mau do.

Trong Hinh 3.5, két qua so sanh vé sy hdi tu ciia ham muc tiéu cho thay thuat toan
PSO da bi roi vao nghiém cuc tri cuc bd nén khong thé nhan dang thanh cong AENM
dugc dé xuat. Trong khi 6 GA va MDE ching minh thanh céng dé cé dugc nghiém
toan cuc. Puong mau xanh lam cua sy hdi tu dua trén GA va duong mau do cua su hoi
tu dya trén MDE dugc dé xuét cho két qua tot hon so véi dudng mau xanh 14 cdy. Hon
nira, so sanh gitta GA va MDE duogc dé xuét, Hinh 3.5 cho thﬁy su hoi tu cua ham muc

tiéu dya trén MDE dugc dé xut chimg minh tot hon thuat toan téi wu hoa GA.
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. PSO:Green; GA: Blue; MDE: Red
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Hinh 3.5: So sadnh két qua hoi tu ciia ham muc ti€u
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Hinh 3.6: Két qua so sanh giita quy dao ZMP ctia AENM va ZMP mong mudn
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Trong hinh Hinh 3.6 cho thiy két qua so sanh giita dap ung quy dao ZMP cuia
AENM dugc d& xuit va ZMP mong mubn. R rang dé thy rang két qua mau xanh lam
va mau do dai dién cho dap tmg quy dao ZMP ctia m6 hinh AENM duoc dé xuit duge
huén luyén vé6i thuat toan GA va MDE, gidng v6i ZMP mong mudn. Hon nita, & rang
13 x4c nhan rang duong mau xanh lam va dudng mau do6 di theo quy dao ZMP di dinh
huéng tot hon dudng mau xanh 14 cdy ma no6 thé hién dap ing ZMP cia AENM duoc
dé xuét sau khi dugc hudn luyén véi PSO.

Bang 3.2 cho thiy két qua huén luyén so sanh ctia PSO, GA va MDE. Dua trén két
qua trung binh tir 10 1an chay thir, gia tri ciia ham muc tiéu MDE chimg minh t6t hon
GA khoang 14,9% va nhanh hon GA 3,8%. Str dung céc két qua so sanh duoc 1ap bang
trong Bang 3.2, rd rang c6 thé két luan rang thuit toan MDE duoc dé xuit chirng minh
kha ning tot nhat va manh mé so véi cac thuat toan PSO va GA.

Bang 3.2: So sanh két qua huén luyén

PSO GA MDE

Min. 1.1381e+04 | 1.3099¢+03 | 1.2987¢+03
Avg. 2.3271e+04 | 1.5888e+03 | 1.3825e+03
Max. 3.5075e+04 | 1.9121e+03 | 1.6370e+03
Variance 0.7820e+04 | 0.2660e+03 | 0.1035e+3
Time to training (s) 1953.725 1957.348 1954.588
Time to computing objective function (s) | 1952.085 1952.958 1952.898
Time to algorithm (s) 1.640 4.390 1.690

Hinh 3.7 cho thiy két qua so sanh vé& goc quay & 10 khdp cia robot hai chan. Tir
Hinh 3.7, ching ta c6 thé nhan thiy rang gi4 tri goc quay cta 10 khép duoc xac dinh sir
dung GA kh4 gan véi MDE. Thyc té 1a sy khac biét nho nay di tao ra mot tic dong
dang ké quyét dinh dén robot hai chan trong viéc di bo 6n dinh va manh mé. Géc quay
ctia 05 va s duge xac dinh sir dung GA c¢6 thay d6i 1on hon so voi MDE. Diéu nay da
khién robot hai chan khong chi doi hoi nhiéu ning lwong hon ma con phai chiu sy kém

6n dinh hon khi di bo so véi két qua duoc xac dinh dua trén MDE.
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Hinh 3.7: So sanh vé goc quay & 10 khép ciia robot dang ngudi
Céc gia tri trong s6 phtl hop nhéat cia AENM dé xuét duoc huan luyén ti vu bang
thuat toan MDE duoc trinh bay trong Bang 3.3. Bang ndy cho thiy v; dai dién cho gia
trj trong s6 ngd vao cua 16p an, trong d6 i tir 1 dén s6 ngd vao, ; tir 1 dén sb té bao than
kinh trong 16p an, twong Gng; b biéu thi mic ngudng cua 16p an; wy dai dién cho gia
trj trong s6 ngd vao cia 10p ra, trong d6 i tir 1 dén sb té bao than kinh trong 16p an, j tir

1 dén s6 ngo ra; by dai dién cho mirc ngudng cua 16p ra.
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Bang 3.3: Gi4 tri trong s phu hop nhét cia mé hinh AENM d3 dé xuét

l, 71 2 3 4 5 6 7 8
1 12357 |-12.592 | 7316 | -1301 |14.576 | 14.081 |9.858 |-12.372
2 210932 | 11.555 | -14.233 | 13.448 | 12.560 | -13.717 | -14.167 | 10.584
Vi3 8593 | -14.095 | -13.840 | 8439 |7.623 | 11.937 |-14.967 |-4.733
4 210692 | 14.587 | -11.068 | 12.779 | 12.470 | -14.829 | -6.672 | 13.275
b 77086 | 14325 |9.737 |9.043 | 12.851 | -6.384 |-12.212 | -4.584
1 14.497 |7.569 | -14.988 | -11.953
2 14578 10796 | 6210 | -7.751
3 14.825 | 14379 | -11.735 | 14.034
4 210463 | -5.919 | -13.455 | -12.909
Wi s 12.908 | -7.553 | -13.485 | -3.129
6 6.659 | -10.645 | 5226 | 13.069
7 14256 |-9.189 | 13.337 |9.730
8 14956 | 13.174 | 13.249 | -6.786
bo 6.733 | -12.324 | 12.967 | -14.716
3.5Két luan

Chuong nay dé xuit mot bo tao dang di bd moi dugc ap dung cho mot robot dang
nguoi kich thudce cd nhd, dugc nhan dang tdi wu bﬁmg thuat toan tién hoa vi sai cai tién
(MDE), cu thé 12 m6 hinh mang no-ron tién héa thich nghi (AENM). Thong qua md
phoéng dong luc hoc cua robot hai chan di b on dinh két hop gitra dong hoc nguoc va
nguyén 1y ZMP, két qua ching minh rang Gmg dung méi c6 duoc hiéu suat cao cho bd
tao dang di cho robot hai chan manh mé& va chinh xac. AENM duoc dé xuét thyc hién
kha ning dy doan tt dé robot hai chan budc di ti nhién. Thong qua thuit toan MDE
duoc sir dung nhu mot vai tro tim kiém, no khong doi hoi cac diéu kién ban dau cu thé,
dé dang tranh duoc cuc tiéu cuc bd va nhanh choéng hoi tu dén nghi¢m t8i wu toan cuc.

Két qua cua nghién ctru ndy dugc trinh bay ¢ bai bao [3], trong danh myc coéng

trinh cong bo cua tac gia.
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B tao dang (WPG) phu thudc 4 thong s6 (S, H, h, n) ctia Dip dugce dé xuét chi 4p
dung cho robot hai chan trong giai doan budc di va thiéu giai doan chuan bj va giai
doan két thuc. Dé bo sung, trong chuong tiép theo nghién ctru sinh tiép tuc hoan thién
b tao dang di (WPG) ctia Dip véi day du 3 giai doan nhu mong mudn véi tén goi 1a bd

tao mau di bo ty nhién (N-WPG).
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CHUONG 4 HOACH PINH DANG PI TU NHIEN CHO ROBOT HAI CHAN

4.1 Gi6i thi¢u

Robot dang ngudi 13 nhimg robot thong minh duoc thiét ké c6 hinh dang va bude
di giébng con nguoi (hay Biped Robot). Biped robot khé diéu khién nhung kha ning di
chuyén t6t & nhitng dia hinh phuc tap [139]. Trong qué trinh van hanh robot dang
ngudi, hai vn dé quan trong phai duoc giai quyét, d6 1a di bo 6n dinh va dang di dap
tmg thoi gian thyc. ZMP (Zero-Moment-Point) dwoc giéi thiéu lan dau boi
Vukobratovic ngay cang duoc ap dung cho viée diéu khién di b 6n dinh cia robot
dang nguoi [5].

Robot dang nguoi da dugc cac nha khoa hoc tai cac truong dai hoc va cong ty
nghién ctru rong rii trong nhiéu nim. Muc dich 13 dé lién tuc cai thién tinh di dong 6n
dinh va trf thong minh cta robot va lam cho chung hitu ich trong cudc séng. Loai robot
nay c6 thé thyc hién céc cong viée ning nhoc hoic nguy hiém ddi voi con nguoi. Cho
dén nay, bon ro-bét dién hinh tién tién dugc trinh bay trén toan thé gi¢i: ASIMO, HRP-
4, PETMAN - Atlas Robot tai Boston Dynamics [140] va Robonaut - Valkyrie tai
NASA [141].

Déi v6i tinh di dong, nhiéu van dé lién quan nhu tiéu chi 6n dinh [117], [142]. Mot
s6 nha nghién ctru [53], [108], [7], [143] d& xuit cac thudt toan dé tao quy dao can thiét
dé thoa tiéu chi ZMP. Han ché cua cac phuong phap nay 13 mot sé quy dao ZMP can
thiét duong nhu khong thé dat dugc va tée do di chuyén ¢ hong dugc yéu cau rat dang
ké.

Tiéu chi ZMP la bi¢n phap on dinh duogc st dung rong rai nhét va duoc st dung
rong rai cho robot dang ngudi. Bé dam bao su 6n dinh dong cia robot ndy, Takanishi
et al. dd dé xuit phuong phap tong hop mé hinh di bd dua trén diém ZMP ludn ndm
trong vung tiép xtic gilta ban chan va bé mit [53]. V& co ban, dau tién thiét ké quy dao

ZMP mong mudn, sau d6 thuc hién chuyén dong hong hodc chuyén dong than trén dé
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biped robot dat duoc quy dao ZMP d6. Nhung kha ning chuyén dong co thé bi gidi
han nén khong phai tat ca cac quy dao ZMP mong mudn déu c6 thé dat duoc. Ngoai ra,
gia toc hong ciing can phai thay d6i rat 1on dé dat duoc mot quy dao ZMP yéu cau.

Shih trinh bay mot phwong phap dé tao ra quy dao chan bang phép ndi suy spline
bac 3 [144]. Va khi rang budc vé d6 on dinh va diéu kién twong tac voi mat dat dugc
théa mén, can phai lya chon mot dang di bo mém mai, mdé men va tdc dd cho tat ca cac
khép phai nhé. Huang et al. [46] dé xuat mot phuwong phap mdi, trong d6 cac rang budc
cua quy dao chan va hong dugc xay dung va cac quy dao nay dugc tao ra bdi viéc ndi
suy spline bac 3 v6i d6 6n dinh cao bang phuong phap lip lai trong viéc tinh toan
ZMP. Dip va dong nghiép [52] thuc hién dang di on dinh véi van téc khong ddi bang
cach st dung bo phat dang ham sin. Erbatur et al. [50] dd dé xuit mot phuong phap
moi dé c6 duoge dang di ty nhién bang cach sir dung k¥ thuat xap xi chudi Fourier khi
giai phuong trinh dong luc LIPM. Ho va dong nghiép [145] dé& xuit mot bo tao mau di
b6 (WPG) dya trén 1y thuyét mo hinh con lic ngugc tuyén tinh (LIPM), cho phép
ngudi ding tao ra mot mau di bd (WP) tir nhién vé6i chiéu dai bude mong mudn.

Tuy nhién, trong qué trinh robot dang ngudi bude di phai c6 diy du 3 giai doan:
giai doan chuén bi, giai doan budc di va giai doan két thuc [148]. Cac tac gia trong
[144, 46, 52] chi d& xuét bd tao mau di bd (WPG) cho robot dang nguoi trong giai doan
bude di.

Trong chuong nay, bd tao mau di bd phu thudc vao 4 tham sb dang di voi day du
cac budc (Nature Walking Pattern Generation, n-WPG) dugc dé xuat, n-WPG bao gdm
bo phat hai quy dao ctia chan va quy dao ctia hong két hop véi dong hoc nguoc.

Céu triic cia chuong nay nhu sau: muc 4.2 dé xuat phuong phap tao mau di bo cho
robot hai chan, muc 4.3 trinh bay budc di cua robot hai chan dua trén nguyén ly ZMP,
muc 4.4 khao sat anh huéng 4 tham sb dang di ctia bd tao mau di bd ty nhién (n-WPG)

dén quy dao ZMP, muyc 4.5 trinh bay két luan.
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4.2 Bo tao mau di bo tw nhién (N-WPG) cho robot hai chian
4.2.1 M6 hinh robot hai chin

Dé xay dung mot qua trinh bude di cho robot hai chan, ta xét mé hinh robot hai
chan c6 10 khép & hai chan nhu Hinh 4.1. B6 qua anh hudng cta phan than trén cua
robot hai chan, xac dinh 10 goc khép dé tao ra sy chuyén dong bude di. Vi tri cua cac
khép (P, P2, Ps, P4, Ps, Ps, P7, Ps, Po, P19) va 10 gbc quay tuong doi (o, 0,,0,80,,.0,

0., 0, 0, 0,, 6,) cing dugc dinh nghia nhu trong Hinh 4.1.

Mat dimg ngang Mat dimg doc

Hinh 4.1: M6 hinh két ciu robot hai choAn HUBOT-4.

4.2.2 Chu ky buoc di

Nhu chi ra trong Hinh 4.2, qua trinh robot hai chin budc di tw nhién c6 diy du 3
giai doan: Giai doan chudn bi lién quan dén robot hai chan bit dau chuyén tu thé, tir tu
thé 2 chan dimg thang sang tu thé 2 chan khuya gbi va so le nhau. Giai doan budc di
lién quan dén robot hai chan thyc hién budc di déu vé phia trudce véi chan try va chan

di chuyén dugc thay d6i lién tuc cho nhau (tuy nhién trong hinh 2 chi minh hoa 1 budc
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di trong giai doan buéc di). Giai doan két thiic lién quan dén robot hai chan chuyén tu
thé 2 chan khuya gdi va so le nhau sang thu thé 2 chan dung thang.

Thoi gian trong mdi budc di (0 — T) & 3 giai doan déu chia thanh 3 khoang thoi
gian. Khoang thoi gian dau tién (0 — T1) 1a pha doi (DSP — Double Support Phase),
robot hai chan lic hong vé phia chan tru. Khoang thoi gian tht hai (T; — T2) 13 pha don
(SSP — Single Support Phase), robot hai chin nhic chan di chuyén vé phia truéc va ha
chan xubng. Khoang thoi gian thtr ba (T2 — 0) 1a pha d6i (DSP — Double Support
Phase), robot hai chan lic hong ngugc lai. Khoang thoi gian trong mot budc di dugc

minh hoa trong Hinh 4.3.

Psfy,z)

a) Frontal Plane

b) Sagittal Plane

Starting step Ending step

Hinh 4.2: Qua trinh robot hai chin budc di tu nhién c6 day du 3 giai doan.
Moi dang di ctia robot hai chan phu thudc vao bd tham s6: S — chiéu dai budc, h —

d6 khuya chan, H — 6 nhac chan, n — do lac hong, T — chu ky buéc nhu Hinh 4.2.
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Van dong cua robot hai chan dugc thuc hién béng cach dya vao nhitng ham phu

thudc thoi gian ctia 3 vi tri tham chiéu: R=[P,_, P,,, B ]cuahdng, R=[FR , B, A.]
va B,=[B,,, B,,, B,.]cuaban chan trai va phai.
=0 =1I =1z =T
e e DSP__ . S SSP_ DSP__ . _>'
| | 1 |
: (swaying) (lifting) j(_ (moving forward) : (landing) : (swaying back) :
_____________________________ S = — ——
Hinh 4.3: Khoang thoi gian trong 1 bude
4.2.3 Quy dao tham chiéu ciia hai ban chin va hong
4.2.3.1 Quy dao tham chiéu ciia chédn phdi
Quy dao mong mudn cia P nhu mo ta trong cong thic (4.1).
0 ,0<t<T+37
B.(1)= it—i(T+37') T +3r<t<T+57 4.1)
2r 21 :
S , T +57 <t <3T

Tai thoi diém 7T+37 va T+ 57 thi robot hai chan s& bi dung dot ngdt va giat manh.
Dé giai quyét van dé, ham sin duoc sit dung dé thay thé nhu Hinh 4.4. Phuong trinh

cudi cung cho P, nhu cong thuc (4.2).

0 0<1<T
Plx(t):«g[l—sin[%t—%]] ,T<t<2T 42)
s 2T <1<3T
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Hinh 4.4: Quy dao tham chiéu cia P,
Quy dao mong mudn cua B, nhu md ta trong cong thue (4.3).

P

ly

(1)=0 , 0<r<3T (4.3)

Quy dao mong mudn clia P, nhu mé ta trong cong thuc (4.4).

0 ,0<t<T+27
gt—H[ngzJ T +21<t<T+37

B.(1)=1H T +37<t<T+57 (4.4)
—§t+H[§+6] T +51<t<T+6T1
0 ,T+67<t<3T

Tai thoi diém 7 +27, T+37, T+57va T+67 thi robot hai chan s& bi dung dot ngdt
va giat manh. D& giai quyét van dé, ham sin duogc st dung dé thay thé nhu Hinh 4.5.

Phuong trinh cubi cung cho P_ nhu cong thuc (4.5).
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Hinh 4.5: Quy dao mong mudn ctia P,

0 ,0<r<T
B.(t)= Hsin(g.[sin[%t%]+l}) ,T<t<2T (4.5)
0 2T <t <3T

4.2.3.2 Quy dao tham chiéu ciia chan trdi

Quy dao mong mudn ciia P, nhu mé ta trong cong thic (4.6).

0 ,0<t<3r
;t—%S 3T <t <57
-
By, (1)= % 5T <t<2T+37 (4.6)
ST arisesicores
ar 202 71
S 2T +57<t<3T
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Tai thoi diém 37, 57, 2T +37 va 2T + 57 thi robot hai chan sé& bi dung dot ngdt va
giat manh. Dé giai quyét vin dé, ham sin duoc st dung dé thay thé nhu Hinh 4.6.

Phuong trinh cubi cung cho P, nhu cong thuc (4.7).

£
S
‘é’ 6
al
2l
0 5‘0 1 (;0 1 ;O 2(‘)0 25;0 300
t(s)
Hinh 4.6: Quy dao tham chiéu cua P,
§H—sin Kt—z ,0<e<T
4 2 2
S
By, (1)= B ,T<t<2T (4.7)
Sy sin| ¥ 27| ar<i<a7
4 2 2

Quy dao mong mudn cia B,, nhu mo ta trong cong thuc (4.8).
By, (t)=—w ,0<1<3T (4.8)

Quy dao mong mudn cia P,,. nhu mo ta trong cong thirc (4.9).
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Ry (t>:

Tai thoi diém 27, 37, 57,67, 2T +27,2T +37, 2T +57 va 2T + 67 thi robot hai chan

s& bi dimg dot ngdt va giat manh. Pé giai quyét van dé, ham sin duoc st dung dé thay

0 ,0<t <27

gt—2H ,2T7 <t <37

H ,3r <t <57
_gt—6H ST<1<67

0 ,0T <t <2T + 271
gt—2H[§—|—l] 2T+ 27 <t < 2T 437
H 2T + 317 <t < 2T + 57
_gHZH[gHJ 2T +57 <t <2T +67
0 2T + 67 <t <3T

thé nhu Hinh 4.7. Phuong trinh cudi cing cho P, nhu cong thirc (4.10).

P10z(mm)
o o
[} [e+] -
T T T

o
~
T

02

50 100 150 200 250
t(s)

Hinh 4.7: Quy dao mong muén cia P,
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Hsin(=[sin| 2~ Z|+1)) ,0<t<T
2 202

0

Hsin(z. sin|—t ——
2

T <t<2T (4.10)

w S5t

+1)) ,2T<t<3T
2 2

4.2.3.3 Quy dao tham chiéu ciia hong

Quy dao mong mudn ciia P, nhu md ta trong cong thirc (4.11).

0 ,0<t <37

it—ES L3Ir<t< 5T

8 8

S

Z O <t<T+37

P, (t)= %t—%[ﬂrzl] ,T+31<t<T+57 (4.11)

T T

% T +57<t<2T + 371

il‘ £[E—Z] 2T +31 <t < 2T + 57
8T 4\2 T

S ,2T + 57 <t <3T

Tai thoi diém 37, 57,7437, T+5r 2T 437 va 2T + 57 thi robot hai chan sé& bi dimng

dot ngot va giat manh. Dé giai quyét vin d¢, ham sin dugc sir dung dé thay thé nhu

Hinh 4.8. Phuong trinh cudi ciing cho P, nhu cong thirc (4.12).

|ty D]ty |t

1+ sin Kt—z ,0<e<T
2 2
1 . (w 3m
14+ —=sin|—t——| ,T<t<2T (4.12)
2 2 2
7+sin[%t—57”]] 2T <t <3T
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12 T T T T T

P5x(mm)
[}

0 | | 1 1 1
50 100 150 200 250 300

t(s)

Hinh 4.8: Quy dao tham chiéu ctia P,

Quy dao mong mudn cia P, , nhu mo ta trong cong thirc (4.13).

2y ,0<t<27
2T
n , 21 <t <61
(4 znT)t+n _(4127T) 27 <t<T+271
T— T—
By, (t)=1-n T +217<t<TH+67 (4.13)
T
—(42nT>t+n1+(( +TT)> T +67<t<2T+ 21
T— T—
n 2T+ 27 <t < 2T+ 671
" - 3nT 2T + 617 <t <3T
(67’—T) (67’—T)
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Tai thoi diém 27, 6r,T+27, T+6r 2T +27 va 2T + 67 thi robot hai chan s& bi dung
dot ngdt va giat manh. Dé giai quyét vin dé, ham sin duoc sir dung dé thay thé nhu
Hinh 4.9. Phuong trinh cudi cung cho P,, nhu cong thirc (4.14).
'Ij‘jyi_/irstihalficycle (t)-[”(t) —u(t—T)]

—%Lﬁmwﬁme)WU—2ﬂ—wU—Tﬂ ,0<e<T
_Jagﬁmfmyjyk(ﬁ)hﬁﬁ)—uﬁy—Tﬂ

B, (t)= (4.14)
TPy st ap epete () [uty =20 —u(t, —=T)] —w 4, =t—TandT <t <2T
})Syiﬁrstihalficycle (tZ >[u(t2) - u(tZ - T)]
— Py st naty evete (1)Lt = 2T) —u(ty — T)] Jt,=t—2T and 2T <t <3T
trong do :

ot

u(T)_u[T_E]

u[T—%]—u(T—T)]

.|
P5y,ﬁrst7haljtcycle <t> = nsin [?7-]

t if 0<¢t<T 0 ifr<0
= , and u(t)= . .
t—T ift>T 1 ifr>0

50 100 150 200 250 300
t(s)

Hinh 4.9: Quy dao tham chiéu ctia B,
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Qu¥ dao mong mudn ciia P, nhu md ta trong cong thirc (4.15).

T

P (t)=1{l—h ,T<t<2T (4.15)

%t+l—3h ,2T <t <3T

trong d6: /=d, +d, +d,+d,.
Tai thoi diém 7 va 27 thi robot hai chan sé bi dirng dot ngot va giat manh. bé giai
quyét van d&, ham sin duogc sir dung dé thay thé nhu Hinh 4.10. Phuong trinh cudi cing

cho P, nhu cong thuc (4.16).

k, 4 h.sin Zsin|Zr+1]|sin| 2r+ 2 ,0<e<T
2 4 2 2
P (t)=1k, T <t<2T (4.16)
k, + h.sin %.sin %(3T—t>+1]].sin %(3T—Z)+%] ,2T <t <3T

trong d0: k, =d, +d, +d,+d,—h.

P5z(mm)

19.6

| | . | .
50 100 150 200 250 300
t(s)

Hinh 4.10: Quy dao mong mudn ciia P,
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4.2.4 Phan tich dong hoc nguwgc robot hai chin

Cubi cling, quy dao ciia 10 goc quay & 2 chan robot hai chan trong 1 qua trinh budc
di c6 thé xac dinh dya vaior=[P,, P 8.1, =[P, ,R, P ]va B,=[R, R, R ]

Bai toan dong hoc ngugc robot hai chan c6 thé dugc giai bang phuong phép giai tich
hoic phuong phap s6 hodc phuong phap hinh hoc. 10 géc khép quay ¢ 2 chan cia
robot dang nguo1 duge xac dinh nhu cong thire (4.17).

6, (1)= arctan{)Z}j ((;))], s (t)=-6,(1),

0, (1) = arctan [&

Zr(t
0,(t)=n—-0,(t), O(t)=n- Qc(t

S [
N—
S
D
—~
~
~—
Il
D
=)
—_
~
~

(4.17)

497(1):%—9 (£)+ arcsm{);:((;)}
0,(1)=0:(1)=0,(1). 6,(1)=06,(

)0
trong do: y,(t).z(¢).y,(¢).z(1).0,(¢).0,(¢).6-(1).6, (t),x,(t),xr(t),l, (¢).1.(¢) tai thoi

diém ¢ xac dinh, dugc dinh nghia nhu Hinh 4.11 va cong thirc (4.18). Luu v, [, 1a

4 7

khoang cach gittra P, va P,, [ la khoang cach gitta P, va P,.

xl:PSX_Rx’ yl P P

ly>

ll:\/(le_PZx) +(P4y_PZy) (P P)

Zl :PSZ_E

zo

xr:])6x_P10x9 yr:P _PIOy’ / P 1)1
L=\(P.,~B.) +(R,-B,) +(P. (4.18)
d +d; =17
6, = arccos , O, =arccos
2d d,

2 2
0. = arccos d td -, , 0, =arccos sm
2a’2al3
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trong do: d,, d,, d,va d, dugc minh hoa trong Hinh 4.2.

yr vl X¥ xl
ﬁ .............. < .............. ) ....................}_.:.<...................):

e B6(3,)

PI:“{J Lz

=l
O Pay2)

wbee (CYPIO(2C Y P, z)

Frontal Plane Sagittal Plane
Hinh 4.11: Pinh nghia cic bién trong cong thirc (4.18)
Toa d6 P,(x,y,z)duoc tinh dya vao P (x,y,z), con toa do [ A (x,y,z), P,(x,»,2),
P (x,y,z), B(x,y,z)] duoc tinh dya vao [ P (x,y,z), B(x,».z), B, (x,1.2), By(x,1.2)]

va cac goc quay [4,,6..6,,6,]. Cong thuc (4.19) dudi ddy duoc sir dung dé tinh
BB, ELPLE.

P,=R,, B.=dcos(§), B, =P,_sin(6),

P.=FR,, F.=P.—d,cos(§), B, =h,~(P.—F.)sin(6),

R,=P,, B,=P,-w, P.=P, (4.19)
P,=P,, P.=PF.—d,cos(6,), P, =F, ~(F.—P.)sin(6,),

B, =Ry, B. =R +d,cos(0,), B, =Ry, +(B —F.)sin(g,).

Dua vao cac cong thuc (4.17-4.18-4.19), 10 quy dao goc quay ¢ hai chan cua robot

hai chan trong 1 qua trinh budc di duoc sir dung dé diéu khién bude di.
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4.3 Van dong cia robot hai chian dua trén nguyén ly ZMP

Muc tiéu diéu khién robot hai chan 1a nham dat dang di tu nhién 6n dinh. Mudn thé,
diém ZMP luén nim bén trong dién tich cua vung chan try [103]. Khi hai chan cham
dét thi dién tich vung chan tru 1a di¢n tich bao quanh ctua 2 ban chan cta robot hai
chan, va khi 1 chan cham dat thi dién tich vung chan try 1a dién tich ctia ban chan cham
dat. Dién tich ving chan try trong hai trudng hop trén dwgce minh hoa trong Hinh 4.12.
Néu ZMP nam trong ving dién tich ving chan try thi robot hai chan khong bi nga
[107].

Diém ZMP c6 thé duoc tinh nhu cong thirc 4.20 [46]:

_ 2 mEre)x =), mhzn =) 19,

ZMP Z::]m (Z‘ +g) (4 20)
Yoo = Z::]mi (Z: +g)y,' _Z,; mij}izi - ;:] [iinx
. > mlz+g)

trong d6, m, 1a khdi lugng ciia khau thir i va (x.y,.z)1a toa do khdi tim cta khau thu i
trong hé truc toa do dé-cat, 7, va 7, 1 thanh phin momen quén tinh, &, va € 14 thanh
phan gia toc goc quay xung quanh tryc x va y tai khdi tdm cua khau thu i, ¢la gia toc

trong truong.

Hinh 4.12: Dién tich vung chan try trong 2 trudong hop:
(A) 2 chdn cham ddt, (B) 1 chdn cham dat.
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Déi véi robot hai chan kich thude nho, gia thiét mo-men quan tinh va gia téc goc
tuyét ddi cia cac lién két 12 di nho dé bo qua, cong thirc ZMP dugce tinh nhu cong thirc

(4.21) [108]:

n . n ..
o %2 — E :izlmixizi
n

Xpup = Xcou +
2 421
n . n .. ( : )
Zi:lmfyizi _Zizlmiyizf
n
Zi:lmi

Trong cong thirc 4.21, phan bd khdi lugng m, va toa dd (x.y,.z) cia cac khau dugc

Your = Yeou T

dinh nghia nhu trong Hinh 4.13, toa d6 ctia khéi tim (COM) duoc tinh théng qua cong
thirc (4.22), cac thanh phan gia toc sir dung phép tinh sip xi nhu céng thirc (4.23).

n
Zi:l m;X;

Xcom = .
Do,
i=1 !

n
: :izlmiyi

Yeouwr =

Z:’ZI m, (4.22)
Z?:l m;z;

Zecom = .
> " m,
i=1 !

XX L Xy X
Xy = (X, =
At At
V=V Vien — Vs
Yipn = —At s Vi = As (4.23)
z z, z z,

e Nt A e = B

z 52, =
+1 At +1 At

Toa do P,(x,y.z) cta cac khau dugc xac dinh tir 10 goc quay tai 1 thoi diém trong 1

budc di véi goc toa do dit tai tim ban chan try bang phuong phap hinh hoc thong qua

cong thuc (4.24 - 4.25 - 4.26):
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(P ()=0,p ()=0,p (:)=0,

P ()=r P (1)=dcoslo ().p (:)=r ()sin[o ()],

p (1)=dsinlo, ()].2 (1)=p ()sin[o (1)].

P (1)=p, (¢)+d cos[o (¢)]cos[o (1)),

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

> (0)=p, (¢)sin[0 ()],

P ()=r, (£)+d cos[0, () =0 ()]cos[o, ()], (4.24)
P (t)=p ()+dsinfo ()0 (:)+0 (1)),

~v

P (1)=r (+)sin[o (1)),
L7, (1) = P, (e) + d, 005[92 (1) - 0, (1) + 0, (t)]cos[@1 (1)].
’PM (t) _ P, (t) + £ (’) ,
2
P ()+p (1)
" (4.25)

d
P ()=pr (1)+—.
L 2

ml), POz
mo, P mJ, Pt
mi, P7t md, P4z
mé, PS8t . m3, P3t

m@, PO m2, P2t
mliQ PI0: ml, Pit
Frontal Plane

Hinh 4.13: Phan b6 khéi luong va toa d6 ctia cac khau
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P ()=P (1) +d cos[o (1) =0 () +6 ()]coslo (1)),
p()=pr ().p ()=p ()-wr ()=r (1),

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

p ()=p ()-[p, (1)-p ()]sinlo ()],

P ()=p () +a snlo (1),

P (e)=P, (1)-d coslo (¢)]cos[o, (1)),

1P, ()=r (1)-[p, (1)-p, ()]sino ()],

P ()=p ()+dsinfo (1)~ ()],

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

P (e)=r (e)=[p, ()=p, ()]sinfo ()],

P ()=p ()+dsinfo ()-6 () +6 ()],

P (1)=P (1)=d cos[o () =0 (1) +0, ()]eos[o, (1)),
2, ()=p ()-[p ()-p_ ()]sin[o ()]

trong do: 4,, d,, d,, d,va d, dugc mo ta trong Hinh 4.2.

(4.26)

Cudi cing, luu d6 khéi dé tinh toan quy dao diém ZMP tir b bon tham sb dang di cua

robot hai chan dugc minh hoa trong Hinh 4.14.

Tham sé dang di
(S.H, h,n)

l

B phat qui dao
(Céngthiee I, 2, 3)
L (P1. P35, PIOy

Déng hoc ngroc
(Céng thiee 4)

J’91=‘9:=8_==94=95
.L95=37:83=9;=9m

Baéng hoc thuan
(Céng thiee 100

(BB P B By
| PPy B P B,

IMP
(Céng thiee 14-15-16)

(*ne: Vor)

Hinh 4.14: Luu d6 khéi tinh quy dao diém ZMP.
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4.4 Phan tich quy dao ZMP ciia bd tao miu di b

Trong phan nay, chat lugng quy dao ZMP trong qué trinh budc di ty nhién cua
robot hai chan dugc mo ta trong muc 4.2 sé dugc phan tich. Trong truong hop quy dao
ZMP khong nim hoan toan bén trong ving on dinh, quy dao cia ZMP duoc thuc hién
diéu chinh thong qua viéc stra doi 4 tham s6 dang di (S, H, h, n). Vi phan tich trong
muc 4.3, anh huéng gitta cac tham sé dang di va quy dao ZMP duoc khao sat.

Pé nghién ctru diéu nay, chung toi thiét 1ap mot sb mau di bo tu nhién va quan sat
cac hiéu ung cua ching trén cac quy dao ZMP cho robot hai chan kich thudc nho
HUBOT-4 cua chung t6i. Robot hai chan kich thuéc nho (HUBOT-4) c6 than trén va
hai chan nhu md ta trong Hinh 4.15. Mdi chan c6 khau dui, khau céng chan, khau ban
chn véi tong cong 5 bic ty do (BTD) gdm 2 BTD & khép hong, 1 BTD & khép gbi va
2 BTD ¢ khép c6 chan. HUBOT-4 c6 thé bat chudc dong tac di bo ciia con nguoi theo
mit dung ngang (YZ-Frontal View) va mit ding doc (XZ-Sagittal View). Téng khdi
lwong cia HUBOT-4 khoang 1,5 kg (gom thiét bi truyén dong, cam bién, bo diéu khién

va khuyéch dai) va cao khoang 50c¢m.

(a) (b)
Hinh 4.15: Hinh anh mé ta robot hai chan HUBOT-4 v6i 10 (BTD)
Thong s vat 1y ciia robot hai chan HUBOT-4 duoc trinh bay trong Béang 4.1.
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Bang 4.1: Thong s6 vat 1y cia HUBOT-4

Tham sé | Gia tri
d, 6.0 cm
d, 4.5 cm
d, 6.0 cm
d, 6.0 cm
d, 4.5 cm
w 6.6 cm
m, 70 gram
i=0...10

Bang 4.2 trinh bay 6 bd tham sd dang di cho viéc khao sat nay. Hinh 4.16 minh hoa

quy dao ZMP va GCOM cua HUBOT-4 trong qua trinh budc di tu nhién tuong ung

v6i 6 dang di.

Y-axis{cm)

Y-axis{cm)

Y-axis{cm)

-10

IMP
- GCOM

Pattern a Pattern b
~ A 5 o p
~ | = 5 <
~ | 5 0 o
m it SR 7S, R
~ ~ ? 2 s ~
~ \I | ‘/ > ~ -3 -
-10 B! b Mo,
] 5 10 15 0 5 10 15
X-axis(cm) X-axis(cm)
Pattern c Pattern d
5
[ ~ A ~ A
| ey 7 E "~ P
| S | s 0 bl
l\ ,——"_F\.___‘:_\_;__/-‘_": -1 E‘ | g A
Y
-5
~ - F 5y -
~ ‘ ‘ v > ~ \J | b
-10
0 5 10 15 0 5 10 15
X-axis(cm) X-axis(cm)
Pattern e Pattern f
5
| NooA P I~ i 7 1 |
! e : § o Bt |
L, - \I A ‘%‘ | it | A
. 5 y
M -
N g i 1
-10
] 5 10 15 0 5 10 15
X-axis(cm) X-axis(cm)

Hinh 4.16: Quy dao ZMP va GCOM cua HUBOT-4 trong qua trinh budc di tu

nhién
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Bang 4.2: Thong s6 cua 6 dang di tu nhién

Mau |S(cm) | H(cm) |h(cm) | n(cm)
a 12 2 1.1
b 12 2 1.1 11
c 12 2 1.1 1
d 12 2 0.1 6
e 8 2 1.1 6
f 12 5 1.1 6

Mau a (trong bang 4.1) dugc lya chon dé thuc hién khao sat. Cu thé: S=12cm,
H=2cm, h=1.1cm, n=6 cm, T=1s) trong mit phang ding ngang va mit phang ding doc
dugc thé hién trong Hinh 4.17 va Hinh 4.18. Hinh 4.19 thé hién dang trong mit phang
XY. Céac quy dao cua 5 khép cho chan trai va phai duoc thé hién trong Hinh 4.20.

2D 2D 2D
22 22 22
* COM
20 - Zue 20 - 20 -
Left leg
Right leg
18 1 18 18 r
iz X
e
16 Hf [ CI 16 e
\ A

14 14 \ 14
E12r E12r 12
@ @ 5 g
S0l S0l R
N N / N

8 8 8

6 6 6

4+ 4+ 4+

2F 2F 2+

0 Lok 1 1 J 0 S V2 B | ] O 1 1 by S|

0 5 10 15 0 5 10 15 0 5 10 15
X-axis(cm) X-axis(cm) X-axis(cm)

Hinh 4.17: Qua trinh di b6 ty nhién trong mat phang dimg ngang
[A]: Giai doan chudn bi. [B]: Giai doan budc di. [C): Giai doan két thiic.
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Left Leg 2D

Right Leg

l + COM ‘
20

T AT

2D 2D
22 22

Il
[

ol

%4
¥
#
*
*

| |

| o wf'
8 1 O
B Il s L I

l ‘\

|

|

_
o

Z-axis(cm)
S

o

Z-axis(cm)

(o]
 —
o (o]
pa——

[A] [C]
. . ; ]
-10 -5 0 5 -10 -5 0 5 -10 -5 0 5
Y-axis(cm) Y-axis(cm) Y-axis(cm)

Hinh 4.18: Qua trinh di b trong mit phang dimg doc
[A]: Giai doan chudn bi. [B]: Giai doan budc di. [C): Giai doan két thiic.
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Y-axis(cm)

-5

-10

2D 2D
— 5 —
Left Leg
Right Leg
* COM
ZMP
*%
- 0 -
* ¥
/é\
o
@
X
P
*T \\ >
L 5F
* *
*{ *
[Al f / [B]
| 1 1 | _10 | 1 J
0 5 10 15 0 5 10 15
X-axis(cm) X-axis(cm)

Y-axis(cm)

-10

(C]

5 10 15
X-axis(cm)

Hinh 4.19: Qua trinh di bg trong mit phang XY
[A]: Giai doan chudn bi. [B]: Giai doan budc di. [C): Giai doan két thiic.
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Leg right Leg left

0.5 0.5
) o
g o0 /\/ g o /\/
©
5=
0.5 0.5
0 100 200 300 0 100 200 300
1 1
g o5 g o
~ <
> >
0 -1
0 100 200 300 0 100 200 300
2 2
k) k]
g 1 £
X S
0 0
0 100 200 300 0 100 200 300
1 1
) k]
s g k
= 05 ~ 0
5~
0 -1
0 100 200 300 0 100 200 300
__ 05 0.5
B i
=t 0 E, 0
S~
-0.5 -0.5
0 100 200 300 0 100 200 300
Steps Starting step Steps

Periodic steps
Endina step

Hinh 4.20: 10 qu§ dao géc quay ¢ hai chan cua robot dang nguo1i trong qua trinh
budc di ty nhién.
[Xanh 14]: Giai doan chudn bi. [D3]: Giai doan budc di. [Xanh duong]: Giai doan két
thuc.
4.5 Két luan

Chuong nay chii yéu trinh bay phwong phap off-line méi cho bo tao mau di bo tu
nhién 6n dinh 1an dau tién duoc ap dung cho robot hai chan kich thuéc nho HUBOT-4
xét theo mat dirng ngang (YZ-Frontal View) va mat dung doc (XZ-Sagittal View).

B6 tao mau di tu nhién bd 6n dinh phy thudc vao bén tham sb (chiéu dai budc, do
nhéc chan, d6 khuy géi, do lic hong) ctia robot hai chan kich thudc nho dugc thuc hién
dua vao phan tich dang di thuc té cta con nguoi. Quy dao goc quay & cd chan, dau gdi
va hong cua robot hai chan dugc thyc hién dya vao thong sb vat 1y cua robot hai chan

va diéu kién tuong tdc mat dat. Dya trén cac thong so chinh nay, cac chuyén dong chan
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khac nhau duoc tao ra, va qui dao di b cudi cung dap tmg cac rang budc ZMP dn dinh
duoc xac dinh dé tao ra cac goc quay & cac khép tuong tng.

Két qua mo6 phong, chirng minh bd tao mau di bd ty nhién duge dé xuit cho phép
robot hai chan buéc di vitng chic va manh mé& ma khong ngi. Két qua cia nghién ctru
nay duoc trinh bay & bai bao [1] va [5], trong danh muc cong trinh cong bd cua tac gia.

Tuy nhién, trong qua trinh robot hai chin buéc di thuc t& c6 thé bi mat 6n dinh do
chiu luc tac dong ngang (va dap, can gio, ...) hodc di chuyén trén cac dia hinh phirc tap
(bac thang, c6 chuéng ngai vat , mit nghiéng, ...). Trong thoi gian sip t6i, nghién ciru

sinh s€ tiep tuc khdo sat va dua ra cac hudng dé khac phuc.
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CHUONG 5 KET LUAN VA KIEN NGHI

5.1 Két luan
Trong luan 4n tac gia d3 nghién ciru va phat trién bo tao dang di (WPG) phu thudc
4 thong s6 cua Dip dé robot hai chan budc di 6n dinh va ty nhién nhu con ngudi. Trén
co s6 cac két qua mo phong va thuc nghiém, tic gia di dé xuit thanh cong mot s cai
tién méi dé ting hiéu qua va chat luong ctia robot hai chan. Cac dong gop chinh cia tac
gia trong ludn an dugc tém tit nhu sau:
- Dé xuat phuong phap méi tdi uu héa mot sd thong sd dang di cho robot hai
chan cho phép bude di on dinh v&i do nhic chan duoc cai dat trude. Thuét toan
tién hoa vi sai cai tién (MDE-Modified Differential Evolution) duoc st dung dé
t6i wru cac thong sd dang di giup robot hai chan budc di 6n dinh. Hiéu qua cia
phuong phap dé xuét duoc so sanh voi ki thuat téi wu dang di dung thuat toan di
truyén (GA-Genetic Algorithm) va thudt toan bay dan (PSO-Particle Swarm
Optimization). Két qua mé phong va thue nghiém trén robot hai chan kich thudce
nho (HUBOT-5) chimg t6 thuét toan dé xuat bao dam dang di 6n dinh cho robot
hai chan v6i d6 nhac chan chinh xac. Két qua ciia nghién ctru nay dugc trinh
bay & bai bao [2], [4] va [6], trong danh muc cong trinh cong b cua tac gia.
- D& xuat mot huéng méi dé tao dang thich nghi robot hai chan véi muc tiéu
budce di 6n dinh va tu nhién trén bé mat bﬁng phéng. Str dung thuat toan tién hoa
vi sai cai tién (MDE — Modified Differential Evolution) tdi uu bd trong sé cua
mo hinh mang no-ron tién hoa thich nghi (AENM — Adaptive Evolutionary
Neural Model) dé nhan dang cac thong sé dang di cua bo tao dang (WPG —
Walking Pattern Generator) gitp robot hai chan bam theo quy dao ZMP (Zero
Moment Point) mong muén. Hiéu quéa ctia dé& xuit MDE dugc so sanh véi thuat
toan PSO (Particle Swarm Optimisation) va GA (Genetic Algorithm). Phuong

phap d& xuit duoc kiém ching trén mau thir robot hai chan kich thudc nhod
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HUBOT-5. Két qua nhan dang chimg minh rang phuong phap dé xuat (MDE-
AENM) hiéu qua trong viéc tao dang di bén vitng va chinh xac. Két qua cua
nghién ctru ndy duoc trinh bay & bai bao [3], trong danh muc cong trinh cong bd
cua tac gia.

- P& xuit hudng tiép can mdi cho phép phat ra qui dao budce di ty nhién on dinh
ap dung cho robot hai chan kich thuéc nhé. Cac thong sb chinh dugce chon thé
hién céc rang budc tir toa d6 mong mudn ciia ban chan, dau gbi va hong tuan tha
nguyén 1y 6n dinh ZMP. Tir d6 quy dao 6n dinh hoan chinh cua ban chan, du
gbi va hong duge hinh thanh. Dya trén b thong s chu chét nay, dung phép
bién doi dong hoc ngugc cua robot hai chan, cac kiéu quy dao budc di tu nhién
6n dinh khac nhau s& duoc xay dung, qua d6 cho phép diéu khién robot hai chan
kich thuéc nho bude di ty nhién on dinh théa man nguyén Iy 6n dinh ZMP thé
hién qua géc quay dong bd phu hop cho tirng khép. Céc két qua mé phong duoc
thuc hién khang dinh tinh kha thi va hiéu qua cua phuong phap hoach dinh duoc
dé xuat. Két qua cua nghién ctru nay duoc trinh bay & bai bao [1] va [5], trong
danh muc cong trinh cong b cia tac gia.

Tat ca cac nghién ctru, d& xuat cai tién trong luan an déu duoc tac gia kiém ching
mo phong va thuc nghiém trén robot hai chan kich thuéc nho. Cac két qua nghién ciru
nay da dugc tic gia cong bd trén cac tap chi va hoi nghi uy tinh nhu 3 bai béo tap chi
qudc té trong danh muc SCIE [1-3], 1 bai bao tap chi trong nudc [4], 1 bai bao tham
gia bao cao ¢ hoi nghi trong nudc [5], 2 bai bao ¢ hoi nghi qudc té [6] va [7]. Cac cong
bd nay di dwoc cac tac gia qudc té tham khao va trich dan nhu bai bao [6] c¢6 5 trich
dan, bai bao [4] va [5] c6 3 trich dan, bai bao [2] ¢6 2 trich dan, bai bdo [7] ¢6 1 trich
dan (théng ké dén thang 05/2019 tir ngudén Google Scholar). Cac thdng ké nay chimg t6

tinh mdi, do tin cay va y nghia khoa hoc ctia cac két qua nghién ctru trong luan an.
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5.2 Kién nghi

Huéng bo tao dang di (WPG) phu thudc 4 thong sd dé robot hai chan budc di 6n
dinh va ty nhién nhu con ngudi dat dugc mot sé két qua kha tha vi. Tuy nhién, trong
pham vi luan 4n tac gia chua khai thac hét tiém ning. Do d6, hudng bo tao dang di
(WPG) phu thudc 4 thong s6 dé robot hai chan budc can phai tiép tuc nghién ciru va
phat trién:

e Tiép tuc thyc hién diéu khién vong kin dé kiém soat toc do cua robot hai chan
khi sir dung bé tao dang di (WPG) duoc dé xuat trong ludn an.

e Tiép tuc phat trién bd tao dang di (WPG) dé robot hai chan c6 thé budc di thing
trén bé miat khong bang phang (vi du: 1én dbc va xubng ddc, 1én xudng ciu
thang), hoic budc di vong trén bé mit bang phing.

e Ap dung b6 tao dang di (WPG) phu thudc 4 thong sé cho robot dang ngudi kich
thude that (HUBOT-3).
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PHU LUC A

Bang A.1: Pseudo-code cia giai thuat tién héa vi sai DE

1. Begin

2. Initialization

3. Evaluation

4. For G=1 to GEN do
5. For i =1 to NP do

6. Jrand= randint(1,D)

7. Select randomly 7 =r, = r, =i

8. For j=1to D do

0. If rand[0,1] < CR or j == jrand
10. Uy g = %56+ FX(X0,6—X3,6)
11. Else

12. Uy o =X

13. End if

14. End for

15. If /(U,g.)<f(X,c) then

16. X61=U.6

17. Else

18. Xion=Xg

19. End if

20. End for

21. End for

22.  End
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Bang A.2: Pseudo-code cta giai thuat tién hoa vi sai cai tién MDE

1. Begin

2. Initialization

3. Evaluation

4. For G=1 to GEN do

5. For i =1 to NP do

6. Jrand= randint(1, D)

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

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

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

1. Select randomly 7 =r, = r, =i
12. U j o = Xy T F X006 _xrs,,gc)
13. Else

14. Select randomly 7 = r, = best = i
15. U ;61 = Yoestj6 T F(xru’c — x},zJ.‘G)
16. End if

17. Else

18. Uy o =X

19. End if

20. End for

21. If /(Us.)<f(X,c) then

22. b

23. Else

24, Xon=X,

25. End if

26. End for

27. End for

28.  End
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