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Abstract: There were various studies of Humanoid’s bipedal walking. However, most of the researches
uses a simplified model. In this research, we study humanoid in hopes of realizing robot walking like
a human and consider a gait model of humanoid robot including slipping, bumping, surface-contacting
and point-contacting of foot is discussed. First, to stabilize attitude and prevent humanoid from falling
down, we proposed Visual-lifting Approach. This method use it’s eyes. Humanoid judged surrounding
condition and keep it’s head position high. Next, we need input torque to step forward by feed-forward
control but it determined by try and error. This might be waste of energy. So, to solve this problem, I use
Non-dominated Sorting Genetic Algorithms-II (NSGA-II).
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∑

i li[m] 1(b)

1
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ip̈i
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M(q)q̈ + h(q, q̇) + g(q) +Dq̇ = τ (1)

M(q) h(q, q̇) g(q)

/ D

τ = [f0, τ1, τ2, , τ17](

f0 = 0)

q = [y0, q1, , q17]

3 Visual-lifting Approach
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Link li[m] mi[kg] di[Nms/rad]

Head (l17) 0.24 4.5 0.5

Upper body (l10x) 0.41 21.5 10.0

Middle body (l9) 0.1 2.0 10.0

Lower body (l8) 0.1 2.0 10.0

Upper arm (l11, l14) 0.31 2.3 0.03

Lower arm (l12, l15) 0.24 1.4 1.0

Hand (l13, l16) 0.18 0.4 2.0

Waist (l4) 0.27 2.0 10.0

Upper leg (l3, l5) 0.38 7.3 10.0

Lower leg (l2, l6) 0.40 3.4 10.0

Foot (l1x, l7x) 0.07 1.3 10.0

Total weight [kg] — 64.2 —

Total hight [m] 1.7 — —

“Visual-lifting Approach”
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/ Model-based matching
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Static object

is force that lift up head to 

prevent from falling down

��

2: Concept of Visual Lifting Approach stabilizing

walking.

HTHd
(ψd(t),ψ(t)) =

HTR(ψ(t)) ·
HdTR

−1
(ψd(t)) (2)

(9) HTR (10)

“On-line visual pose estimation”

ψd(t)
HTR

δψ(t)(= ψd(t)−ψ(t))

τh(t) = JH(q)TKpδψ(t) (3)

JH(q) /

Kp

(10) fv
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5 RCGA .

. ,

, , τ8[], τ5[], τ6[], τ7[]

, q8[rad], q5[rad],

q6[rad] ,q7[rad] .

5:

, .

τ8 =







τvla + gx1
sin(π(t− tend)/gper1) (C = 1)

τvla − gx1
sin(π(t− tend)/gper1) (C = 0)

(4)

τ5 = gx2
cosπ(t− tend)/gper2 (5)

τ6 =































gx3
cosπ(t− tend)/gper3

(if y2 − 0.1 < y6)

gx4
sinπ(t− tend)/gper4

(otherwise)

(6)

τ7 = gx5
(gper5 − q6) (7)

C=0 ,

C=1 , C=0

. . τvla Visual-Lifting Approach

. y2, y6 y ,

y . gx1
gx5

[] , gper1

gper5 [s] , .



6 NSGA-II

NSGA-II , . 1.

(Create First Generation)

0 ≤ gxi ≤ 100(i =

1, 2...5), 0.01 ≤ gperi ≤ 3(i =

1, 2...5) 50

19 .

2. (Simulation)

.

50

.

3. (Evaluation)

NSGA-II (1) (2)

, .

(1)

fit1i (xi) = k1

5
∑

k=1

gtori,j (8)

fitli i

gtori,j i j

gxi[] , W []

, k2[point] .

gxi[] (14) (17) .

.

gtori,j

.

(2)

fit2i (vi) =
k1
vi

(9)

vi i

50 x[m]

, t[s] , k1[m/s] .

NSGA-II

. 2

min f(xi) = {fit
1

i
,fit2

i
} (10)

subjecttohstepi ≧ 50

4. (Selection Crossover Muta-

tion)

NSGA-II .

Pt

Qt

2

Pt

Qt

t

P t Qt

Qt Qt

Qt Pt

Rt = Pt Qt

2N Rt N Pt+ 1

NSGA-II

Step 1 Rt = Pt Qt

Rt

r .

Step 2 Pt+ 1

Step 3 (Crowding-sort)

N Pt+ 1

Step 4 Pt + 1

Qt+ 1

NSGA-II Pt Qt

Rt N

Pt+ 1 (

)Qt Pt

Pt
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50 19
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. 6 ,

1000 .
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6 NSGA-II . 10 ,

300 , 500 , 1000
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. . 10
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