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Fig.2.4.1. Construction of the slip sensor.
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Fig.2.4.2. Compact slip sensor.

Fig.2.4.3. Parts of the slip sensor.
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Table 2.4.1 Specification and caracterictics of slip sensor.

Type Nontactile sensor
.. Velocity — Period of
Principle ..
scattering signal
Laser diode, Optical grating,
Components i
Lens, Photo transistor
Signal Analog output
Amplification, A/D conversion,
Process ]
Auto correlation
Range 1 ~ 40mm/sec
Accuracy +5%
Size $25mm x 100mm
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Fig.2.5.1. Interference fringes.
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Fig.2.5.2. Pitch of the interference fringes.
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Fig.2.5.3. Slip sensor attached to the robot hand.
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Fig.2.5.4. Principle of the slip sensor.
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Fig.2.5.6. Construction of the slip sensor.
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Fig.2.56.7. Frequency of the scattering light signal.
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Fig.2.6.1. Schematic diagram of the grasping force control.
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Fig.2.6.2. Flow chart of the grasping force control.
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T800 N— Memory
Serial
Links

Fig.3.1.2. Architecture of the target computer.

Table 3.1.1. Processing time of the target computer.

Operation Processing time (us)
Addition 1.1
Subtraction 1.3
Multiplication 1.4
Division 1.7
Data transmission 5.0
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Fig.3.2.1. An example of a task graph.
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Fig.3.2.2. Gantt chart.
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Fig.4.2.1. Stanford manipulator.
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01 = tan_l %‘y- S4 — Sin 04
T

! ds Cy = cosly
\/;z2+py 2—d2 2

—tan™

Ss = CaMy+ SiM,

S, = sinb;
Cy = cosb Cs = S2Ms -;Cza,,
_ 05 = tan_l __i

M, = Cip:+ Slpy Cs

6, = tan™! M, Ms = Cio;+ Si04

P

S, = sinb, Mg = —Si0.+ Cioy
C; = cosb, M; = C;Ms— Szo,

ds = S;M; + Csp, Mg = CiM7+ S4Ms

My = S;M;5+ Co;

M, = —Sia;+ Cia,y

Ms; = Cias+ Siay Se = —CsMs+ SsMo
M, = Cy;M;— Sia, Ce = —SsM7+ CsMs
0y = tan-l_]‘fl bs = tan—lgie

M,

Fig.4.2.3. Inverse kinematic equations of the Stanford manipulator.

py\/P:c 2 +py 2 —'d2 2 —pxd2

P2
51 = c. = P
' " peitpy? 2 . 2 + M
M.
2 2 _ 2 _ 9
Cl = px\/—P: TPy d2 +pyd2 54 - ,/M42+M22
M1 0'4 —

S2 = g1 N/ P TP
’ p22+M12 ) 4 °+ M,

Fig.4.2.4. Solutions of the task S; and C; of the inverse kinematic equations.
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Table 4.2.1. Task number of the inverse kinematic equations.

Task number Task Task number Task
%a 14 0,
0 dy ? 15 S
VP2 4py P —da 16 Cs
3 6, 17 Ss
4 S 18 Cs
5 Ch 19 05
6 M, 20 M;
7 0, 21 Mg
8 S, 22 M,
9 C, 23 Mg
10 ds 24 My
11 M, 25 Se
12 M, 26 Ce
13 M, 27 O
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Input

. Output

(a) Method I (b) Method II

Fig.4.2.6. Precedence constraints of the task 6;,S; and C; of the inverse kinematic equations.
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Processor 3 ol e C;
0 6t+T

(b) Method II

Fig.4.2.7. Gantt chart of the inverse kinematic equations.
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Fig.4.2.8. Computation time of the inverse kinematic equations.
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Fig.4.3.1. Newton-Euler equations.
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Fig.4.3.2. Successors of the task iw; and ‘w;.
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(a) Task set A, B (b) Task set C

Fig.4.3.3. Successors of the task ‘fi and ‘n;.
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[Task set A, B]

. . - . . - T,
'ny = "Ripn i + Py X (R i) + A+ 81 f,

[Task set C]

o 1 . ‘ 1
v; = 'Ry 'm0y X (R " Fia)
u; = ‘45 xf;

', = vt

Fig.4.3.4. Division of the task ‘n;.
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l:éi = 1}3{ +* (.;J,' x* '§i +° w; X (1'(02' x* éz)
[Task set C]
t, = 'd),- x* 3‘,‘ +* w; X (tw,' x* é,’

5 = pitts

Fig.4.3.5. Division of the task i3,
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; Fig.4.3.7. Time difference between the task set A and other task set in Fig.4.3.6.
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