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Real-time detection array structure design based on near memory
computing for handwritten digit recognition
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Abstract : Convolutional neural network (CNN) has been widely used to improve traditional neural net-
works. However,as the performance of the CNN improves the size of its model increases, which requires
larger storage and more computing power,so the processors based on the von Neumann architecture is
difficult to achieve satisfactory processing performance. In order to improve the performance of the sys-
tem,near memory computing (NMC) is a promising research direction at present. In this paper,a recon-
figurable array processor-based NMC structure is used to implement handwritten digit recognition, and
convolution operations are realized in parallel;at the same time,the shared cache array structure is used
to reduce off-chip storage access. Experimental results show that with the operating frequency of 110
MHz, the calculation speed of a single 5X5 convolution operation is increased by 75. 00% ,and a hand-
written digit can be identified within 9 960 ps.

Key words: convolutional neural network (CNN); handwritten digit recognition; reconfigurable array
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Fig. 1 Near memory computing structure based on reconfigurable array processor

o] 77 4% s RM 2R e RN A A7 4

x1 HAERIHNBIERIES

Tab.1 Some special instructions supported by the coprocessor

Operation Description Function

ADDMO Rd<-Rs+M[Rt] Register addition
ADDM1 Rd=M[Rs]+M[Rt] Register addition
ADDM?2 M[ Rd]<Rs+M[ Rt] Register addition

ADDM3 M[Rd]=M[Rs]+M[Rt] Register addition

Multiply and
accumulate

MAC2  RM<M[Rs]macM[Rt]

STRM2 M[Rd]<-RM

Write to memory
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Tab.2 Network structure

Layer Layer type Input size Weight  Stride
C1 Convolution 28X 28 6X5X5 1
S2 Max pooling 24 X24 X6 2X2 2
C3 Convolution 12X12X6 6X12X5X5 1
S4 Max pooling 8X8X12 2X2 2
F5 Fe 192 192X10 —
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Fig.3 Handwritten digit recognition results
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Fig. 7 Simulation results of digit 5 recognition
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Tab.3 Hardware resource usage

Number of resource Resource

Logic devic

occupied utilization/ %
Slice LUTs 120317 35
Slice registers 39290 5
LUT-FF pairs 22992 16
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Tab.4 Comparison of frequency, precision and power

Ref. [11] Ref.[12] Ref.[13] This paper

Frequency =
MHz 110 100 150 110
Precision/bit 16 8 8 32
Power — 107 mW 26 W 6.4443 W
100000 3 50603
10 000 2950
w
=2
21000
=
S
B 100 3
=]
)
S
2 10 4 7.58
1 T Y f
Ref.[14] Ref[15] This paper

8 FEHF IR A E XL

Fig. 8 Comparison of handwritten digit recognition time
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Tab.5 Comparison of resource usage
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