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Parallel Programming of Reconfigurable Parallel

Processors for Intelligent Robot Control

Yoshichika Fujioka and Nobuhiro TOMABECHI

Abstract

In the sensor feedback control of intelligent robots, the delay time must be reduced for a large number of multi-
operand multiply-additions. To reduce the delay time, recofigurable parallel processors have been proposed. Since
the direct connections between multiplers and adders can be dynamically changed every program step, the overhead
for data transfer becomes greatly reduced. In this paper, we show the easiness of parallel programming for
intelligent robot control, which is based on the reconfigurable parallel processor architecture. By using the
developped programming environment, the performance evaluation shows the delay time for dynamic control of 6
degrees of freedom manipulator is reduced to about 1/4 in comparison with that of the parallel processor using

several digital signal processors.
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® :Multiplier
® :Adder
VLIW:VLIW Control

LM:Local Memory
SC:Switch Circuit

PE:Processor Element
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Source file

Matrix/vector operations with
LOOP sentences

¥

Intermediate file 1

g

J

Multi-operand multiply-additions
(scalar) without LOOP sentences
=

¥

Intermediate file 2

J

Unused variables or redundant
equations are reduced.

Equations are grouped and sorted
based on the depth of data flow.

¥

Result file of
| allocation and scheduling
Equations are allocated and
scheduled to each PE in order.
Data dependency is considered.

VLIW program list file
VLIW program of each PE is assembled.

4 V7 by =THEORL
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LOOP i = 6 TO 1 STEP -1

~0F~~_{i} = “OF_{i}

~ON~~_{i} = “ON_{i} + hat~0t_{i} >< ~OF_{i}

~OF~ast_{i} = "OF~ast_{i+1} + ~OF"~~_{i}

~ON-ast_{i} = "ON~ast_{i+1} + "ON"~_{i}

tau_{i} = “Obeta_{i} T* ~OF ast_{i} +
~Ogamma_{i} T* ~ON~ast_{i} +
b_{i} * dtheta_{i}

ENDLOOP
X5 Y—RA77ANVOTHH

tau_2 = “Obeta_2[1] * "OF~ast_2[1] +
“Obeta_2[2] * “OF ast_2[2] +
“Obeta_2[3] * ~OF ast_2[3] +
“Ogamma_2[1] * ~ON~ast_2[1] +
“Ogamma_2[2] * ~ON~ast_2[2] +
“Ogamma_2[3] * ~“ON"ast_2[3] +
b_2 * dtheta_.2

“OF~~_1[1] = ~oF_1[1]

“OF~~_1[2] = -~oF_1[2]

“OF~~_1[3] = ~OF_1[3]

“ON""_1[1] = "ON_1[1] + hat~0t_1[2] * ~OF_1[3] -
hat~0t_1[3] * ~0F_1[2]

“ON~~_1[2] = "ON_1[2] + hat~0t_1[3] * ~OF_1[1] -
hat~0t_1[1] * ~OF_1[3]

“ON~~_1[3] = ~“ON_1[3] + hat~ot_1[1] * ~OF_1[2] -

hat~0t_1[2] * ~“OF_1[1]

27

28
28

29

tau_3 = “Obeta_3[1] *
~Obeta_3[2] *
~“Obeta_3[3] =*
~0A_2{1][3] *
~04_2[2][3] *
~0A_2[3][3] =

~0F~ast_3[1]
~0F~ast_3[2]
~0F~ast_3[3]
“ON~ast_3[1]
~ON~ast_3[2]
~ON~ast_3[3]

b_3 * dtheta_3
“OF~ast_1[2] = “OF ast_2[2] + "OF_1[2]

tau_2 = “Obeta_2[1] =*
~Obeta_2[2] =*
“Obeta_2[3] *
“0A_1[1]1([3] =*
~0A_1[2][3] *
cos_alpha_1 *

b_2 * dtheta

tau_1 = “Obeta_1[1] =*
“oh_0[1] =

sin_alpha_1 *
cos_alpha_1 *
hat~0t_1[1] *
hat~0t_1[2] *
b_1 ¥ dtheta

~OF~ast_2[1]
~OF~ast_2[2]
~OF~ast_2[3]
“ON~ast_2[1]
~ON~ast_2[2]
~ON-ast_2[3]
2
~OF~ast_1[1]
~OF~ast_1[2]
“ON~ast_2[3]

+ 4+ + o+ + o+

+

+ o+ o+ o+ o+

+
+
+

“1TAdomega_1[2] +
~1IAdomega_1[3] +

~OF_1[2] -
~oF_1[1] +
1
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PE’;

PE',

-

PEj PE; [ PE3

-

“OF~ast_1[1] = ~OF~ast_2[1] + ~OF~~_1[1]
“OF~ast_1[2] = ~OF~ast_2[2] + ~OF~~_1[2]
“OF~ast_1[3] = ~OF~ast_2[3] + “OF~~_1[3]
“ON~ast_1[1] = ~“ON~ast_2[1] + ~ON~"~_1[1]
“ON~ast_1[2] = ~ON~ast_2[2] + ~ON~~_1[2]
“ON~ast_1[3] = ~ON"ast_2[3] + ~ON~~_1[3]

tau_1l = “Obeta_1[1] * ~OF ast_1[1] +
“Obeta_1[2] * ~OF"ast_1[2] +
“Obeta_1[3] * “OF~ast_1[3] +
“Ogamma_1[1] * “ON~ast_1[1] +
“Ogamma_1[2] * ~ON“ast_1[2] +
~Ogamma_1[3] * ~“ON-ast_1[3] +
b_1 * dtheta_1
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1 a=aibi+ a:b: (3)
1 a=ab+ab:+asbs (4)
1 a=aibst asbs+ asbs (5)
2 f1=C1d1+Czd2+€1 (6)
2 f2=02d3+ C3d4+d5d6 (7)
2 fimactc (8)

Stepl
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t3 ty
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Step2

Step3

Stepd

Estip L7
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\ DSPs (single bus)

DSPs (5 buses)

Execution steps
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EERENREERH 1/2 KBS TH B,
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2 F :
o 400¢ 3
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- :
'§ - m=5 E
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w200 m=15  m=20 3
§ TN W A N NS WY SN AN T NN R e [ | g
0 10 20
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11 $BEA0FKLHEEEARHOBA EHED
DSP 2 Fv: 3354)
100 T 1T r 1T rrrr | et T by
i Reconfigurable
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Utilized ratio of multipliers (%)

S0F DSPs .
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- DSPs -

(single bus) |

L, Reconfigurable J
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0 10 20

No. of multipliers
12 FEBORBHED LR
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No. of PEs (5 buses)
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