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Abstract: To make the cherry defect detection and identification
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system meet the real-time requirements, it was proposed to use
the convolutional neural network model as the basis and used the
SDSoC development platform to complete the design of FPGA for
rapid detection and identification of cherry defects. By optimizing
data transmission, multiplexing the general matrix multiplication
function (GEMM) in the network model and parallelizing the de-
sign of the convolution operation, PL-side hardware acceleration
was realized. Using the SDSoC platform, a high-level language
mapping convolutional neural network model was used on the PS-
side, which saved a lot of development time while achieving the
required performance. The results showed that, compared with
the pure software method, the speed based on the Zynq7020

hardware development platform had increased by more than 2.19
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times. Compared with the CPU platform, the speed was almost
the same.
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Figure 1 Convolutional neural network structure

#F 1 CNN &gt

Table 1 CNN model design
EEZ 3] HARZ s B8 HK i th
Input AR E 32X32X3
Convl HER)Z 1 5X5X32X34+32 1 28X 28X 32
Relul s 2
Pooll 2X2MAX Wik 2 1 2 14X14X32
Conv2 HERZE 2 5X5X32X32+32 1 10X10X32
Relu2 s 2
Pool2 2X2MAX WAk )2 2 2 5X5X32
FC1 EHEEZ 1 5X5X32X 1284128 128
Relu3 Wk 2
FC2 EEEZE 2 128X 24128 3
Softmax i 2% o B2
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Figure 2 Block diagram of system structure design
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SDSoC network mapping development process
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Figure 4 Data transmission interface

M PL Z A A7 Bt A dan n o7 0. B L 508 A% i 0 £k P
%} PortA.,PortB il Data Mover #1741t .

T RER 43 (AL 2 BOR B L MR (£ 7E DDR b, PS
A PL G b AXT A5 ol A2 42 1 A7 808 1 28 B, AXT
B O AL ] AXT 4 0 (AXT_GP) i 8% — Sk 0
(AXIT_ACP) Fil 5 P R 1 (AXT_HP)!'™
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//system port

# pragma SDS datasys_port(input: AXI_HP.output:
AXI_HP)

//data mover

# pragma SDS datamem _ attribute ( input:
PHYSICAL_CONTIGUOUS|

NON _ CACHEABLE, output: PHYSICAL _
TIGUOUS|NON_CACHEABLE)

# pragma SDS data copy (input [ 0: WIDTH *
HEIGHT],output[0: WIDTH * HEIGHT )

CON-

//accelerator

# pragma SDS dataaccess_pattern (input: SEQUEN-
TIAL,output: SEQUENTIAL)

SDS datasys_port 84 F1 T H 29  PS i S 3% 0
FeM A HP 28/, AXI_HP #0 HA 5 thRem
e 8 R N AR IC S P FIFO 1 M i il 12 5
BIZE . MR AXI_GP 2 B84 AT & 22w i A% 45
M. AXI_ACP FZ5:# PS i cache fl PL 350 2 ] i) —
D HIAAE A

SDS data mem_attribute | F 24 38 45 [ 5045 17 i #b
B S . TR LR G I, SDSoC - 5 2 1k 45 % i 7 2k
MR A AXI_DMA_Simple, ifij A& AXI_DMA_SG,

SDS data copy 84 20 W AE K /N . B % SDSoC 4
A5 BE A o 3 4% B I A AXT SR R E B PS I fF
fiti 4 o X HCHEAT — 5 A R/ BT 1%

SDS dataaccess_pattern $& 4 24 o8 45 [7] B 48 04 07 =X,
TE CNN H 8 2 42 BR IEMR B 4718 3R B0 e 0 A7 45 BRUERATE
Jir LAHs SEQUENTIAL ¢ 8 o B ds 15 1) ) J7 5, 38 4 23
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A I B Bl AR R U7 IR 4 O PR (B ap_fifo) . T A
%Eﬁiﬁﬁmwlﬂﬂ’ﬁ%ﬂ ROR AR i T RO 1)

KRG B 4 A2 . AT LUAE 7 25 1 ) B8 25 i) o

82 I8 U 08 5 5 ) 8l o AR 2 Al 1 i A R L 3 DR K
PrAw ik A, U 1L PR SR £ S 2R I
Jr .
2.3.2 WMMFERERHELM  CNN P&y EENIT
R A B B A B 8 B AT 4 L I R T A ik 2
8B P AR B AR 1 (GEMIMD bR 5, FI T FPGA S 32 3L ]
VAT 25 i B2 v 2 BRI SR 00CR I R AR D AR » X B AE T 4510
B RSEARTR . X FIX — 250 F A 22 5 BRE H: (R4 16
BEIZ AN,

TN & JR A B8 30 R 22 1 AT 42 T » xf B 22 2 47 4
PR R RRIE B BEAT AN ANIAL 5 R BR T i AR AE A
ZJii 9 2 BB AR 10 R 0 P Y B 0 8 3/ T A RRAE R
o DRI X G A BB S A R RS A5 A A A 1 RS
FRTA o PR 5 A B A R I O i 4R R S — R i & TR
WHA TR, 78 SDSoC Hi AT PL%& 7] 5 33l FH A M e

% (GEMM) 80O H 5 — W8 BUER AT LR T % ek 3 4
BRI SR LA FH AR [R] 4 4 A o 8% o DA I 1 4 B8 4 9% U 1Y
PiRi:

2.3.3  HBREAEIAT

(D FEME AL - X T8 BUZ P EOR A
ZABUNECEE S TR BOE Ui R AT . E
JH ARRAY _PARTITION 4§ 4 X #0 4H #4743 $ . 7E 3
O Ak 2 B AR R R SR AR D A5 4 . X T AR RO AT R
1 SRR SR T AN B AR BT . A
Xt

# pragma HLSarray _ partition variable = in _
Beomplete dim=2

(2) WKL « T K LA AL BE 88 4 — A JE I R Y
BAR UV 2 A /N B AR IR AT PUAT X R LR ORI I T
REGEFTH I . R PIPELINING 2 304§ 4 o i 45 # 44
T KRBT . D9 T AT AER 22 1 B 1 B IR JF ELAN TR 2%
KREWEIRIER 255 %5 B FETES 2 2083 NEn it
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Figure 5 Feature map isomorphism
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fifi i PIPELINING & 4>
for(index_a = 0; index_a<C A_NROWS; index_a—+
+{
for(index_b = 0; index_b<C A_NCOLS; index_
b++){
# pragma HLS PIPELINE
//next operations
3
(3) TREFJRITALAL - BAKE OLT - BRI T A iR E 1R
IR R4 P SRAT Y o A6 B R FF UL Ak T LAAR 5 0 26 3 AR
ZIA M IEAT I B m FPGA AW IE M A H R, WK 6
Pt g A P RS S 0 % L 9 A7 i 23 ) R T O HL vk

AT RMIE 5 .
TE B 18 L 3l 3§ UNROLL 1 4k 38§ 4 %} for
PEIRIEATFF . A T2 for 1R, B — 2 BUE ) e 1

1 —A gl 37 1 4 B8R 0T (PED L 4% PE # & /hME. ¥
55 3 J2 for JERFRIFAE A PE MY IF47 B, IR — k313
2 H = R oy A AR AU
//multiply accumulate broken into individual opera-
tors
# pragma HLS UNROLL
for(index_d = 0; index_d<C B_NCOLS; index_
d++){
floatresult + = weights[ index_c|[index d]
input_fm[index_c+i][index_d-+j];
}
output_fm[i* A_NROWS —+j]=result;
(4 PRECPERIRAL : it Ah X IR ] T %?&Wﬂ%ﬁt
k48 A INLINE, 25 B + oK 802 R 45 14, 38 5 0 20 ok B0

N R XXX XXX R

- 000000000
5% QIQIQIOIIC

T

R AE 15

B 6 JEIRETHA

Figure 6 Loop unrolling optimization
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TP AR B R . 54
# pragma HLS INLINE self
3 H

3.1 WEHI;

TR % BT Xilink Zynq7020 T & #k 52 30 %)
250 TR R R SRR 2 4 ARM A9 4t
BRARE R AL PR S5 (PS), iR A — 4> Al 4 A2 % 35 (PL)
XC7Z020 FFRE¢:fm s, FF 2 A an & 7 i w5 e 4h, IF &
B i SONY IMX222 CMOS AL R 4 1) #4406 1 ) i
PR X E TA — & s 4 00 45 2R 0 40
N W 8 TR,

16 B ek 3 b i 5 3t F Xilink Vivado
2016 45040, 4 H 5 1% i A e, 3 P 66 G ofe i B DA R

PS
ARM

e i
v v v

PN S S S 3
I RIS

Tl 12 4

PL
Xilinx Zynq7020 JF & # % # H
Xilinx Zynq7020 development board

A7
Figure 7

structure diagram

EMIRE BT FPGA W E ok ERFE 4N 5IR 5 R 5 &It

RSB43 50 A 4% A BB 0 TP, 58 30 RE 1 4 e Ak % 31, %%
B 10 P9 358 % % % A AXT Interconnect #5He, Bl AXT H Bk
P S BB A2 S 0 T 5 4 DA 3 & 1 ELR 5 AN BOHE 1%
R HDMI 85 52 81 1845 £ 1L 4, 9F F) ) 55 20 FIFO
B W28 vh X, G2 A7 K0 ds . N8 PS BEH (3 3% — A4
Zynq AP A% BE A%, L& TP W) MR fb S E. & X
Mmult #5552 905 BURAE L P & 1 40 B o i TP 764
REHFTE

23 HI7E PC AL 210 ARM FPF R 5 g 4 3 Fi-F &
PEAT IR, A R ANER 2 R

1 4
2 Xil

inx

1. SONY IMX222 CMOS #i#l 2. [& 15 S5
4. Xilinx Zynq7020 JF &t 5. 2% R 4%
B8 miik& %

Hardware device implementation

3. HRBkAEAR

Figure 8

x2 PCHl. 4 ARM FiXIeiniEsR 3 MEA LR

Table 2 Comparison of three platforms: PC, pure ARM and test accelerator

R A FPGA il f CPU PRI I 431 2 / M Hz
4l ARM 44 — Cortex-A9 C/CH++ 677
(N )| B Zynq XC77020  Cortex-A9 BRERES 300
PC #L — Core(TM) 15-4200 Python 2 500

3.2 HMEHNGHIESE

TE il /FHOHe 48 09 2 A2 b, 78 5250 = 10 BRI T N SR
R HEBRHEAT EIGCR & . S T Re M S Rk e R
iR 56 i ] Basler acA2000-50ge Tk 48 HL % #2 8k 1)
6 AN [ A B BEAT R4 s BT Matlab X 1% 3847 3 55 L
B A S ARAE R YRR A B 5 d 5 R BT A B DI R
1RG5 — il 32X 32 FUME K. BRI FEA R B AN 9 Ji R

I grte Caffe 4 F 347, #4/F 24~ Ubuntul6.04,

(a) ZLOHBE

(b) SEUFPEE
B9 HATH

Figure 9 Sample example

(e) MEFEARHE

fdi H1 Python #45 ## CNN LR, 3R I Wa B =X 2 > 1 77 ¥ %t
PEBERE A HEAT I 4 . B 0 4 34 42 J22 1) i o8 3 3 B 9 2%
BOORARBE A 3 25 A B D T e dr FIRE . T
SRR IR 18 000 3K, 2R AN AR e (9 7 1 % Il kB
ARATARIC .
4 RS0
4.1 HFEMK

B HE I 600 i MR Ak S B AT 0 AL B A 4y 2K 4
200 Tk K 24 11 I T 09 M B T S B g A k. 56 e
PC #L_EFI A Python #E 4713 , B4 X B | i A FPGA
AT, Nk 3 Fran . Al Lk BL7E FPGA I, i 8 % L
A TR
4.2 ZERE R MR

TR 4 1% 58 L2 )5 . BIN U2 B 8 72 release H 5%
T B sd_card LI T A K, BFBIN SCfF#5 DL E] SD
oL B R AR R SDR JE SR A i A 200 R 4y
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Fz3 MKEER
Table 3 Test set results
FPGA =28 PC 5231
el o e
E#%/ % AR IR B R/ % R
%H@%Bﬁ 97.25 7 97.50 6 (a) ?‘EDEQEE (b> %&?@ﬁE ((‘, ) %HZ*@%HE
W B I 07 95 A 97 50 . B 10 RBEFERIFSET
Figure 10 Partial display of test run results
U 97.00 6 98.00 4

WRER 70 A R A Ak 2 R 0 8 AR & IR B T
SR R E 10 TR,
Zynq XC7Z020 B F A% : 18 K K/MY Block RAM
140 4~ A F (LU 53 200 4, fil & 2% (FF) 106 400 4~
FIEF (5 5 4L 1 28 (DSP) 220 A, 3C 1 2 AN B {2 T 2 B %%
FERGE A o () B R o A R AL AZ AT R ANk 4 TR .
i AR ARE ROF KO/NW ER FEAS 8] F & 78 43 390 47 0

LIRS PR . SRR WITELL ARM P b ok Ak
B R A W Ak P B 57,89 ms, M fE W &S L
26.42 ms, LRI Ab B E BF 2 40 ARM B PE92.19 £,

NI LM % CPU # 5 % intel(R) Core(TM) i5-
6500 CPU @ 3.20GHzHP LV2011 f§ PC HL % #2k ik £7
I, P03 2 B 1 B TR T 4% ok A TR B R ST 4
by 64 X 64, K K FPGA [ 45 1) 46 R ~H ity 64 X
64, 3 55 SCHk L4 00 Ak B ) EAT L3R, W06 6 R .

x4 EEMEEHIESAMEITHK

Table 4 Hardware acceleration function resource occupation and running time

B o 3 o 2 BRAM_18K/ % DSP48E/ % FF/% LUT/% I /ms
Copy_buffer 0.0 0.0 0.0 0.1 5.8
Mmult 22.0 20.0 15.0 58.0 0.9
F£5 4 ARMBREGESKEMES[ITEREF LERKILE
Table 5 Comparison of the processing time of pure ARM software and this accelerator for cherry pictures
K E Convl/ms Pooll/ms Conv2/ms Pool2/ms FC/ms BREE ISR/ Y AP R /ms
2l ARM 5.33 12.81 24.80 13.25 1.70 97.50 57.89
R 06 g 3.72 7.90 9.30 5.18 0.32 97.50 26.42
F6 CPUFEAES5AWMERZITEHRE BRI
Table 6 Comparison of the processing time of the cherry platform between the CPU
platform and this accelerator (n==64)
RET& Convl/ms Pooll/ms Conv2/ms Pool2/ms FC/ms BRRA SRR 2R/ % AT K /ms
PENEARS =) - — — — — 97.99 40.00
2 50 5.19 9.76 12.80 9.75 5.09 96.25 42.59

B 6 T LUE S5 A B R T3 Rk — 5 i, — i
B R AL BB K 42,59 ms, X HFEOR G R TR T
16.17 ms, 53C#k[4 11 CPU - & AL BLAS K AH 244, (A 2 3
B 2 G5BT A A I SRR R 5 CPU - 5 AH 22 B, 75 fif
PERESE 47 19 FPGA, # B  it CPU - & . iff HIRX 5 &
GEANUEL  FRHAWRES 5 CPU T &M HEA R
S B S B R R AN
54k

BB R ] SDSoC i & F &, Br 7] 4k #2 PS i 5
PL S » 52 30—~ B B K 0 Py R 1 R . e R
G Rt KRS T RE M EMERE, 54
ARM #F1 CPU 82 3% 5L 04 A b o P 400 £ 13 ) Ak
KT S 0 o R T B A S e S IR AR I R

KB R 48T LAl /T PC HIL 8 405 18 DR R 2 85 . [ 1 T 4
JEAE L AT AR KA T 25 0]

B8 R G A 3t — 5 0 A 1 25 18] BE N3 i = > A
ARNIE ST B A 20 2 o1 % T2 AN i e 2 ) 5% A
LEHAE L[] I 2 3 IE A 2%l H Al K R B8 T T b R
Gt o UL REAS I B 2 K R B B d T8 i — A S R
U E R b SIS UER R RS RIAV: | S

EESdN
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