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A DSP Design and Implementation for Motor FOC

YUE Meng-yun, BAI Bing
( Betjing Institute of Astronautical Systems Engineering , Bejjing 100076 , China )

Abstract. A fully customized digital signal processor for motor field-oriented control is proposed. The instruction set,
memory model and interaction method with main-CPU is discussed. Fixing some of the operands in multi-op instructions al-
lows a reduced instruction encoding length and therefore an economical code size. Background execution improves arithmetic
and logic unit( ALU) computation parallelism. In this article, the instruction cycles of typical field-oriented control ( FOC)
algorithm is shown. The silicon implementation of the proposed digital signal processor ( DSP) is provided. Taken the com-
monly used ARM Cortex-M0 processor and several main-stream DSPs as the comparison baseline, the experiment results
demonstrate that the micro architecture and circuit implementation of this DSP is energy-efficient and competitive. This ap-
proach improves the processing performance at the cost of limited circuit resource.
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INST Rd1 Rd2 Rsl Rs2 Rs3 Description Pseudo code
ADD Rdl Rsl Rs2 addition Rdl =Rsl + Rs2
SUB Rdl Rsl Rs2 subtraction Rdl =Rsl-Rs2
MAC R7 R6 Rsl Rs2 Rs3 multiply-accumulate R7 =Rsl % Rs2 + Rs3
DIV R6 Rsl Rs2 Rs3 division R6 = (Rsl <<16 +Rs2)/Rs3
ASR Rdl Rsl Rs2 arithmetic right shift Rdl =Rsl >>Rs2
ASL Rdl Rsl Rs2 arithmetic left shift Rdl =Rsl <<Rs2
SAT Rdl Rsl Rs2 saturation If(Rdl <Rsl)Rdl =Rsl ;else if(Rdl > Rs2) Rdl = Rs2
SIN_COS Rdl Rd2 Rsl sin and cos Rdl =cos(Rs) ;Rd2 =sin(Rs)
ARCTAN R7 Rd2 Rsl Rs2 arctan and module R7 = arctan( Rs2/Rsl ) ;Rd2 =sqrt( Rs1"2 + Rs272)
SQRT Rdl Rsl square root Rdl =sqrt(Rsl)
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INST Rd1 Rd2 Rsl Rs2 Rs3 Description Pseudo code
LDR Rdl Imm Load data Rdl = SRAM[ imm ]
STR Rdl Imm Store data SRAM[ imm] =Rdl
Branch Instruction
INST Rd1 Rd2 Rsl Rs2 Rs3 Description Pseudo code
JUMP Imm Unconditional jump PC =PC +4 + Imm
JLE Rsl Rs2 Imm Conditional jump PC=PC +4 +Imm if (Rsl <Rs2)
Miscellaneous Instruction
INST Rdl Rd2 Rsl Rs2 Rs3 Description Pseudo code
IRQ Generate IRQ and halt DSP
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