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Abstract

This research presents controlling semi-humanoid robot which the top is human-look-like body. Its
head can be moved in 3 degrees of freedom and each one of its arms can be moved in 7 degrees of
freedom. The semi-humanoid robot in this study names Namo, the robot of Institute of Field
Robotics which is a reception and public relation robot. So the robot can interact with human by its
gestures. For this search, the robot is controlled by Master-Slave control for more natural
interacting. This semi-humanoid robot is controlled to display its gestures via head and arms
controller by using Joint control which can control each joint of the robot directly for opening
gestures, and using Cartesian control which can control the robot to move relatively with other parts
for compensation of the closing gestures. When controlling the robot, its gestures should be

distinguished clearly so we can select a suitable control for the robot in each period.

Keywords: Semi-humanoid robot / Master-Slave control / Ambient environment / Interaction
between robot and human / Distinguishing the gesture / Open gesture / Close gesture /

Compensation
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Denavit - Hartenberg

Number | Right/ 7] i d i a; a;
of Joints | Left (degree) (mm) (mm) | (degree)
|
1 R 6,, +0° 182 0 0°
2 R 8,, + 90° 0 0 90°
3 R | 65-90° 0 0 90°
4 R | 6,4+90° 206.5 0 o0°
5 R | 6,5 —180° 0 0 90°
6 R 0,6 — 90° 206 0 20°
7 R | 6,-90° 0 0 907
|
1 L | 6,+ 180° 1182 0 0°
2 L 6, — 90° 0 0 90°
3 L 65 + 90° 0 0 90°
4 L 614 — 90° 206.5 0 90°
5 L | 6,+180° 0 0 o0°
6 L B + 90° 206 0 90°
7 L 6,, +90° 0 0 90°




M15190 3.3 A3 1UAAIAIAILL VDUV UFARILAN T IULUYUUD I UBUALELTTUDIAR Y

HUINNUBY Denavit - Hartenberg

Number Right Hi d i a; a;
of Joints ILeft (degree) (mm) (mm) | (degree)
|
1 R 0,, + 0° 60 0 0°
2 R 0, +90° 0 0 90°
3 R 6,3 — 90° 0 0 90°
4 R 0,4 + 90° 58 0 90°
5 R 0,s — 180° 0 0 90°
6 R 6,6 — 180° 67 0 90°
7 R 0,, — 90° 0 0 90°
|
1 L 61 + 180° -60 0 0°
2 L 61, — 90° 0 0 90°
3 L 613 +90° 0 0 90°
4 L 614 — 90° 58 0 | 90
5 L 0,5 + 180° 0 0 90°
6 L 0,6 + 180° 67 0 90°
7 L 017 + 90° 0 0 90°
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mﬁﬁ'ayjamﬂmin Denavit — Hartenberg ¥1ATHIUNIANUAUNWUTUDIAAL joint Tagmsunua

{ [ v 4 ] [
14 Transformation matrix 1ueun13h 3.1 wazaz lannudunusvosusazdono

cosf; —sinf;cosa; sinf;sina; a;cosf;
i-1p — sin@; cosB;cosa; —cosf;sina; a;sinb; G.1)
¢ 0 sina; cosq; d;
0 0 0 1

1 Y H
1119311713112 Transformation matrix YOILVYULAAZVIIAIUA joint N 1 IUDe Yareuyuag 1@
a 4 a o 9 1 v o }
WASNEOONYT 8 INATNT laln OT, 3T, 2T, 5T, 3T, 3T g ST LAZHINADINITNITUAULHUIVD

1 .. A = v zgzl.l o ~ =3
UARE joint IBNEUN WY {0} wuannsorm 1a luaunsi 3.2 9938

Joint 0 1 eudulanazla o7 = or (3.2)
Joint 1 2 suiuTan a2l O = 9T« iT (3.3)
Joint 1 3 eunuTanazld 9= o7« 1T s 2T (3.4)
Joint N 4 eunuTan 91d 9T = 9T« 1T« 274 3T (3.5)
Joint 1 5 eunuTan 918 9T = 9T« 1T« 2T« 3T« 4T (3.6)
Joint 7 6 euAVTan 92l 9T = 9T« 1T« 2T« 3T+ 4T+ 5T (3.7)
Joint N 7 MeUAVTan 9218 0T = 0T« 17« 23T« 3T« 4T« ST % 5T « 6T (3.8)

{ o a oA g}/ o o 1 a
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awld ,
ril r21 r31} x
op o _ |T12 122 132}y
endl» 71 = |43 403 r33} z (3.9)
Lo o 01l
r Y rll r21 r31 - P
IMNTUNITIN 3.10%31@ r12 r22 132 IWATNHVUIA 3x3 UAD rotation matrix LAY
r13 r23 r33

1 o 1 1 s A [ .
[x ¥y 2T demdunialuunu x y uag z vesuvuvueuaiioeuny Cartesian space

a ad _a a d .

3.2.2 BUAFAAMINANAUVD Pseudoinverse
A A 1 4 Aaa 4 Y Y
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] s A o T Ay Y A A = [l L 1 o ] 9
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Wuoud 118 uazauiuduvesensuvuueua(s, ) luvaziu Jesagunsnnissiuim

. . . ¥y A Y ' s ' Yy A a =2 9
mnverse klnematlcsllﬂ LW]Lu@Qﬂ’lﬂlmlusll@\i‘Vjuflu@Llagﬁifﬂﬂjﬂﬂllllﬁagslnﬁll 7 ONFNDATEIIANDY



AUV inverse matrix ﬁ’aa‘ﬁmww ﬁﬂﬁ’maﬁmmm inverse kinematics Gl,ﬁ’qnﬁ

o 9 ax . . . 2 A [ A =2
ATUIUAIYIT pseudo-inverse Tunu iterative G]Nllgﬂl,muﬂﬂﬁllmiﬂ 3.10093.12
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=
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detiazlens
(3.10)
(3.11)
(3.12)

% feo mraavesuiaihmnenumd e slateuyuilagiiu

RGN

Y
mM3muaa ladley (J) uuy Explicit form ay13ain lasaid

1= (2)

ox

364 36,
2 a a
W ]v = | ﬁ é |
9z oz
964 965,
r1l r21 r31 X
o O — rl2 r22 r32 |y
end’ r13 r23 133 |z
0 0 0 1
uae Jo =0z ~ )
r1ll r21 |r31] x
o — rl2 r22 |r32] y
1 r13 123 |r33] z
0 0 0 1

(3.13)

(3.14)

(3.15)

(3.16)

(3.17)
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