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Hardware implementation of single-bit nonlinear
BP neural network based on sigma-delta modulation

Guo Xiaodan,Meng Qiao, Liang Yong
(Institute of RF-& OE-ICs, Southeast University )
( Engineering Research Center of RF-ICs & RF-Systems, Ministry of Education,Southeast University )
Abstract

A new method for implementation of the hardware of single-bit feed-forward BP artificial neural networks by
using sigma-delta modulation ( SDM ) was presented. The nonlinear cube-root calculation unit based on single-bit
streams was designed ,and by taking it as the activation function,the BP artificial neural network was constructed.
The signals from the network’s input and output of each neuron were represented by sigma-delta modulated single-
bit streams. As the activation function in the hidden layer should be nonlinear, the log-Sigmoid squashing function
approximation was obtained through the design of a cube-root computation module based on sigma-delta bit stream.
A little-loop-delay adder and a hybrid-signal multiplier were also presented as the key function elements of the sys-
tem to offer low hardware consumption and high precision. The neurons and the whole BP neural network were im-
plemented and simulated on a field programmable gate array (FPGA). Two examples of function approximation suc-
cessfully demonstrate that the sigma-delta bit stream technique is viable for the hardware implementation of BP neu-
ral networks.

Keywords : single-bit , artificial neural network ,nonlinear, BP network , sigma-delta, field programmable gate ar-

ray (FPGA)
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