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1. Tém tit ndi dung luin an

Hoach dinh, t6i wu hoa va tao dang di cho robot dang nguoi la nham 1am cho robot di
duge mot cach tu nhién va 6n dinh nhu con nguoi. Hién nay van 1a bai toan khé do ky
thuat hién tai chua tiép can duge cac ddi tuong sinh hoc vo cung phuc tap vé két cau va
tinh vi trong hoat dong. Tuy nhién, néu van dé ndy dugc xem xét tir quan diém toan hoc
thi hoach dinh, t6i vu hoa va tao dang di cua robot dang nguoi tré thanh vén dé t6i uu co
rang budc va phu hop véi cac ki thuat tinh toan tbi wu.

Trong luan 4n ndy, tac gia thuc hién nghién ciru va phat trién b tao dang di (Walking
Pattern Generator - WPG) phu thudc 4 thong sb ctia Dip (chiéu dai budc - S, d6 nhic
chan - H, d6 khuyu gdi - h va d6 lic hong - n) két hop cac phuong phéap téi wu héa ngiu
nhién (meta-heuristic optimization approaches) va mé hinh mang no-rén tién héa thich
nghi (Adaptive Evolutionary Neural Model - AENM) dé robot dang nguoi budc di 6n
dinh va ty nhién nhu con nguoi.

Cu thé, luan an duoc chia lam 5 chuong c¢6 ndi dung nhu sau:

o Chuong 1: Nghién citu tong quan.

o Chuong 2: Téi wu héa dding di cho robot dang nguwoi kich thurde nhé buée di on
dinh vé&i @6 nhdc chén mong muon sir dung thudt toan tién héa vi sai cdi tién
(MDE). Chuong nay dé xuit phuong phap méi tdi vu hoa mot s thong sé dang
di cho robot dang ngudi cho phép bude di 6n dinh voi d6 nhic chan duoc cai

dat trude. Thudt toan tién hoa vi sai cai tién (MDE-Modified Differential



Evolution) dugc sir dung dé tdi wu cac thong sé dang di gitip robot dang ngudi
bude di 6n dinh. Hiéu qua cua phuong phap dé xuit duoc so sanh véi ki thuét
t6i vu dang di dung thuat toan di truyén (GA-Genetic Algorithm) va thuat toan
bay dan (PSO-Particle Swarm Optimization). Két qua mé phéng va thuc
nghiém trén robot dang nguoi kich thudc nho (HUBOT-5) ching t6 thuat toan
dé xuét bao dam dang di 6n dinh cho robot dang ngudi véi dd nhac chan chinh
xac.

Chirong 3: Tao dang di thich nghi cho robot dang nguoi buéc di on dinh siv
dung mé hinh mang no-rén tién héa thich nghi (AENM) dwoc t6i wu béi thudt
todn tién héa vi sai cdi tién (MDE). Chuong nay gidi thiéu mot huéng méi dé
tao dang va diéu khién robot dang ngudi véi muyc tiéu bude di 6n dinh va tu
nhién trén bé mit bang phing. D& xuit ap dung thuit toan tién hoa vi sai cai
tién (MDE — Modified Differential Evolution) t6i uu bd trong sé ctia mé hinh
mang no-ron tién hoa thich nghi (AENM — Adaptive Evolutionary Neural
Model) dé nhan dang cac thong sb dang di ctia bd tao dang (WPG — Walking
Pattern Generator) giup robot dang nguoi bam theo quy dao ZMP (Zero
Moment Point) mong mudn. Hiéu qua cua dé xuit MDE dugc so sanh voi thuat
toan PSO (Particle Swarm Optimisation) va GA (Genetic Algorithm). Phuong
phap dé xuit duoc kiém chtng trén miu thir robot dang ngudi kich thude nhod
HUBOT-5. Két qua nhan dang ching minh rang phuong phap dé xuat (MDE-
AENM) hiéu qua trong viéc tao dang di bén viing va chinh x4c.

Chuong 4: Hoach dinh dang di tu nhién cho robot dang nguoi. Chuong nay gioi
thiéu hudng tiép cdn méi cho phép phat ra quy dao bude di ty nhién 6n dinh ap
dung cho robot dang nguoi kich thudce nho. Cac thong sé chinh duoc chon thé
hién cac rang budc tur toa d0 mong mudn caa ban chan, dau géi va hong tuan
thtt nguyén 1y 6n dinh ZMP. Tir d6 quy dao 6n dinh hoan chinh ctia ban chan,
dau gbi va hong dugc hinh thanh. Dya trén bd thong sd chu chét nay, dung
phép bién d6i dong hoc nguoc cia robot dang ngudi, cac kiéu quy dao bude di

t nhién 6n dinh khac nhau s& dugc xay dung, qua d6 cho phép diéu khién robot



dang nguoi kich thuéc nhé budc di ty nhién on dinh thoa min nguyén 1y 6n
dinh ZMP thé hién qua goc quay dong bod phu hop cho tirng khép. Cac két qua
mo phong trén mo hinh robot dang nguot kich thuée nho (HUBOT-4) duoc
thuc hién khiang dinh tinh kha thi va hiéu qua cua phuong phap hoach dinh
duoc dé xuét.

o Chuwong 5: Két luan va kién nghi.

2. Nhirng dong gop mdi ciia luan an

e M5t la, Dip di dé xuit bd tao dang (WPG) phu thudc 4 thong sb (S, H, h, n) va
thuc hién t6i wu 4 thong sb cua bo tao dang (WPG) dé robot dang ngudi (kich
thudc nho) bude di 6n dinh véi van téc nhanh nhat c6 thé st dung thuat toan di
truyén (Genetic Algorithm - GA). Tuy nhién, dé bit chuét dang di cua con
nguoi thi robot dang nguoi phai kiém soat duge do nhac chan. Vi vay, tac gia
tiép tuc thuc hién t6i wu 4 thong sb dang di (S, H, h, n) cia bo tao dang (WPG)
dé robot dang nguoi budc di on dinh v6i d6 nhac chan mong mubn sir dung cac
phuong phap t6i wu héa ngdu nhién. Két qua mé phong va thuc nghiém trén mo
hinh robot dang ngudi kich thude nhé HUBOT-5 chimg minh dé xuat cua luin
an 1a kha thi.

e Hai la, trong qua trinh robot dang ngudi bude di thi 4 thong sé cua bo tao dang
(WPG) ctia Dip 1 khong dbi. Diéu nay lam cho robot dang ngudi kho thyc hién
budc di 6n dinh va ty nhién véi 1 quy dao ZMP (Zero Momen Point) mong
mudn. Dé vuot qua kho khin nay, tac gia thuc hién nhan dang va diéu khién 4
thong sb cia bd tao dang (WPG) nay st dung moé hinh mang no-rén tién hoa
thich nghi (AENM) duogc tdi wu boi thudt toan tién hoa vi sai cai tién (MDE).
Két qua mod phong trén mo hinh robot dang nguoi kich thudec nhé HUBOT-5
chtng minh dé xuat cta ludn an 13 kha thi.

e Ba la, bd tao dang (WPG) phu thudc 4 thong s (S, H, h, n) cua Dip duoc dé
xudt chi 4p dung cho robot dang ngudi trong giai doan budc di va thiéu giai

doan chuin bi va giai doan két thuc. Dé bd sung, tac gia tiép tuc hoan thién by



tao dang di (WPG) cta Dip v6i day du 3 giai doan nhw mong mudn véi tén goi
13 bo tao mAu di bd ty nhién (N-WPG). Két qua mé phong trén mé hinh robot
dang nguoi kich thuéc nhd HUBOT-4 chitng minh dé xuit cta luan an 1a kha
thi.
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1. Thesis summary
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, /- leg displacement,
H- height of swing ankle, n- hip displacement) combining meta-heuristic optimization
approaches and Adaptive Evolutionary Neural Model (AENM) for humanoid robot to

move smoothly and naturally as humans.

This thesis contains 5 principal chapters:

o Chapter 1: Overview and thesis tasks.

o Chapter 2: Optimal Stable Gait for Small-Sized Humanoid Robot Using
Modified Differential Evolution Algorithm. This chapter proposes a new method
to optimize the gait design for humanoid robots that allows stable walking with
pre-set foot lifting magnitude. Modified Differential Evolution (MDE)

algorithm is applied to optimize the gait parameters as to help humanoid robot



walk steadily. The efficiency of the proposed method is compared with the GA-
Genetic Algorithm and PSO-Particle Swarm Optimization algorithm. The
simulated and experimental results carried out on the small-sized humanoid
robot (HUBOT-5) prove that the proposed algorithm offers an efficient and
stable gait for humanoid robots with accurate height lifting magnitude.

Chapter 3: Adaptive gait generation for humanoid robot using evolutionary
neural model optimized with modified differential evolution technique. This
chapter introduces a novel approach for the biped robot gait generation which
aims to enable humanoid robot to walk more naturally and stably on flat
platform. The proposed modified differential evolution (MDE) optimisation
algorithm 1is 1nitiatively applied to optimally identify the novel adaptive
evolutionary neural model (AENM) for a dynamic biped gait generator. The
performance of proposed MDE method is demonstrated in comparison with
other genetic algorithm (GA) and particle swarm optimisation (PSO)
approaches. The proposed method is implemented and tested on a prototype
small-sized humanoid robot. The identification result demonstrates that the new
proposed neural AENM model proves an effective approach for a robust and
precise biped gait generation.

Chapter 4: Planning natural walking gait for humanoid robots. This chapter
introduces an offline nature-walking gait trajectory generation which is initially
applied to our small-sized biped robot HUBOT-4. The chosen parameters with
constraints for foot, knee and hip motions are formulated based on ZMP stable
criterion. Hence the foot, hip and knee trajectories are planned and generated.
Based on these principal parameters, through the biped inverse kinetics,
different gait trajectories were successfully produced, and thus the resulted
motion which satisfies stable ZMP constraints is finally chosen for deriving the
joint actuators of the small-sized biped robot HUBOT-4. The simulation tests
were performed to prove the possibility and the efficiency of the proposed

planning method.



Chapter 5: Results and Conclusions.

2. The new contributions of the thesis

Firstly, Dip proposed WPG depending on 4 parameters (S, H, h, n) and made
optimal 4 parameters of WPG for the small-sized humanoid robot stable
movement with the fastest possible speed using genetic algorithms (Genetic
Algorithm-GA). However, in order to catch people's gaits, humanoid 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 human robot model (HUBOT-5) prove that the thesis's proposal
is feasible.

Secondly, while the human robot walks, the 4 parameters of the WPG of Dip
are unchanged. This makes robot humanoid 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 parameters of the
WPG using adaptive evolutionary neural model (AENM) optimized Modified
Differential Evolution (MDE). Simulation results on the small-sized human
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 humanoid 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 human robot models (HUBOT-4) proves that the thesis's proposal

1s feasible.



TOM TAT

Hoach dinh, tdi wu hoa va tao dang di cho robot dang nguoi la nham 1am cho robot di
duge mot cach tu nhién va 6n dinh nhu con nguoi. Hién nay van 1a bai toan khé do ky
thuat hién tai chua tiép can duge cac ddi tuong sinh hoc vo cung phuc tap vé két cau va
tinh vi trong hoat dong. Tuy nhién, néu vain dé nay dugc xem xét tir quan diém toan hoc
thi hoach dinh, t6i vu hoa va tao dang di cua robot dang nguoi tré thanh van dé t6i vu co
rang budc va phi hop véi cac ki thuit tinh toan t6i wu.

Trong luan 4n nay, tic gia thyc hién nghién ciru va phat trién bo tao dang di (Walking
Pattern Generator - WPG) phu thudc 4 thong sb cua Dip (chiéu dai buée - S, d6 nhic
chan - H, d6 khuyu gdi - h va d6 lic hong - n) két hop cac phuong phéap toi wu héa ngiu
nhién (meta-heuristic optimization approaches) va mé hinh mang no-rén tién héa thich
nghi (Adaptive Evolutionary Neural Model - AENM) dé robot dang ngudi bude di 6n
dinh va ty nhién nhu con nguoi.

Cu thé, luan 4an duoc chia 1am 5 chuong ¢6 ndi dung nhu sau:

o Chuwong 1: Nghién citu tong quan.

o Chuong 2: Téi wu héa dding di cho robot dang nguwoi kich thurde nhé buée di on
dinh véi d6 nhdc chan mong muon si dung thudt toan tién héa vi sai cdi tién
(MDE). Chuong nay dé xuit phwong phap maéi tdi vu hoa mot s thong sé dang
di cho robot dang ngudi cho phép bude di 6n dinh véi dd nhic chan duoc cai
dat trude. Thuat toan tién héa vi sai cai tién (MDE-Modified Differential
Evolution) dugc sir dung dé t6i wu cac thong s dang di giup robot dang nguoi
budce di 6n dinh. Hiéu qua ctia phuong phép dé xuat duoc so sanh v4i ki thuat
t6i vu dang di dung thuat toan di truyén (GA-Genetic Algorithm) va thuat toan
bay dan (PSO-Particle Swarm Optimization). Két qua mé phéng va thuc
nghiém trén robot dang nguoi kich thude nhé (HUBOT-5) ching to thuat toan
dé xuit bao dam dang di 6n dinh cho robot dang nguoi voi d6 nhic chan chinh
xac.

o Chuong 3: Tao ddng di thich nghi cho robot dang nguwoi bude di on dinh sir
dung mé hinh mang no-rén tién héa thich nghi (AENM) dwoc t6i wu béi thudt



todn tién héa vi sai cdi tién (MDE). Chuong nay gidi thiéu mot huéng méi dé
tao dang va diéu khién robot dang ngudi voi muc tiéu buoc di 6n dinh va tu
nhién trén bé mat bang phang. D& xuat 4p dung thuit toan tién hoa vi sai cai
tién (MDE — Modified Differential Evolution) tdi wu bd trong sb ctia mé hinh
mang no-ron tién hoéa thich nghi (AENM — Adaptive Evolutionary Neural
Model) dé nhan dang cac thong s6 dang di ctia bd tao dang (WPG — Walking
Pattern Generator) giup robot dang ngudi bam theo quy dao ZMP (Zero
Moment Point) mong mudn. Hiéu qua cua dé xuit MDE dugc so sanh voi thuat
toan PSO (Particle Swarm Optimisation) va GA (Genetic Algorithm). Phuong
phap dé xuit duoc kiém chtng trén miu thir robot dang ngudi kich thude nhod
HUBOT-5. Két qua nhan dang chimg minh rang phuong phap dé& xuit (MDE-
AENM) hiéu qua trong viéc tao dang di bén viing va chinh x4c.

e Chuong 4: Hoach dinh dang di ty nhién cho robot dang nguoi. Chuong nay gioi
thiéu huéng tiép cdn méi cho phép phat ra quy dao bude di ty nhién 6n dinh ap
dung cho robot dang nguoi kich thudc nho. Cac thong sé chinh duoc chon thé
hién cac rang budc tir toa d0 mong mudn ciia ban chan, dau gdi va héng tuin
thit nguyén 1y 6n dinh ZMP. Tir d6 quy dao 6n dinh hoan chinh ctia ban chan,
dau gbi va hong dugc hinh thanh. Dya trén bd thong sd chu chét nay, dung
phép bién d6i dong hoc nguoc cia robot dang ngudi, cac kiéu quy dao bude di
tr nhién 6n dinh khac nhau s& dugc xay dung, qua d6 cho phép diéu khién robot
dang ngudi kich thude nhé bude di tw nhién 6n dinh théa min nguyén 1y 6n
dinh ZMP thé hién qua goc quay dong bod phu hop cho ting khép. Cac két qua
mod phoéng trén md hinh robot dang ngudi kich thudc nhé (HUBOT-4) duoc
thyc hién khang dinh tinh kha thi va hiéu qua cua phuong phap hoach dinh
duogc dé xuit.

e Chuong 5: Két luan va kién nghi.



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 humanoid robot to

move smoothly and naturally as humans.

This thesis contains 5 principal chapters:

o Chapter 1: Overview and thesis tasks.

o Chapter 2: Optimal Stable Gait for Small-Sized Humanoid Robot Using
Modified Differential Evolution Algorithm. This chapter proposes a new method
to optimize the gait design for humanoid robots that allows stable walking with
pre-set foot lifting magnitude. Modified Differential Evolution (MDE)
algorithm is applied to optimize the gait parameters as to help humanoid robot
walk steadily. The efficiency of the proposed method is compared with the GA-
Genetic Algorithm and PSO-Particle Swarm Optimization algorithm. The
simulated and experimental results carried out on the small-sized humanoid
robot (HUBOT-5) prove that the proposed algorithm offers an efficient and
stable gait for humanoid robots with accurate height lifting magnitude.

o Chapter 3: Adaptive gait generation for humanoid robot using evolutionary
neural model optimized with modified differential evolution technique. This

chapter introduces a novel approach for the biped robot gait generation which



aims to enable humanoid robot to walk more naturally and stably on flat
platform. The proposed modified differential evolution (MDE) optimisation
algorithm 1is 1nitiatively applied to optimally identify the novel adaptive
evolutionary neural model (AENM) for a dynamic biped gait generator. The
performance of proposed MDE method is demonstrated in comparison with
other genetic algorithm (GA) and particle swarm optimisation (PSO)
approaches. The proposed method is implemented and tested on a prototype
small-sized humanoid robot. The identification result demonstrates that the new
proposed neural AENM model proves an effective approach for a robust and
precise biped gait generation.

Chapter 4: Planning natural walking gait for humanoid robots. This chapter
introduces an offline nature-walking gait trajectory generation which is initially
applied to our small-sized biped robot HUBOT-4. The chosen parameters with
constraints for foot, knee and hip motions are formulated based on ZMP stable
criterion. Hence the foot, hip and knee trajectories are planned and generated.
Based on these principal parameters, through the biped inverse kinetics,
different gait trajectories were successfully produced, and thus the resulted
motion which satisfies stable ZMP constraints is finally chosen for deriving the
joint actuators of the small-sized biped robot HUBOT-4. The simulation tests
were performed to prove the possibility and the efficiency of the proposed
planning method.

Chapter 5: Results and Conclusions.



