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Abstract

In order to solve the problems of slow running speed and high power consumption of the convolu-
tional neural network handwritten digit recognition system on the software platform, and to bet-
ter meet the needs of portability, this paper uses the advantages of FPGA parallel computing to
accelerate the convolutional layer and pooling layer in the convolutional neural network on the
logical end of ZYNQ platform. MT9V034 camera is used to collect images and display the recog-
nized numbers in real time through the screen. Compared with the software platform, the speed of
processing a frame image is increased by at least 178 times, the total on-chip power consumption
is 1.969 W, and the usage of logical resources is 9.260 K, realizing the low power consumption and
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fast recognition of hand written digits.
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1. 5|18

B N TR B LS R BRI R R, BRAE M SRR S IR A BEAR ., ARG S SIS
TRMEME ] [2] [3] [4] [5]. H#T, FEEFHAEALE CPU A GPU V& LOK&SBL T #HE, H
SE Bl A AR I 2% AL R A DA K S HCCE G N . BORURE B S, R4 CPU Al GPU C & TR 2
X F 5 R U SR PR R, R4 s SR, 2 H AT AT )

ISR, R @R IR S HLS NEERIJVE[615 3] T POl R 8, BARFFR T JF R MEFE (B 2 A7
LG R HARR, BARHBEIE MBS &, E50-FE6, RH ARM 4 # 3 (Advanced RISC Machines)
PR T G X B R 28 AT AL B AR RN, THFEMR, RyEMk s, 7 EE B AR [7], YRR
FREMREE KA AL, (AR5 ARM ACFEBEE UMK, 76 —L88 F 37 55 h AN B a2 S PR 2K

AR R I zynq7010 RANTF R T 2T ERME M T 5 87 H0 R4, K H MTIV034
TR R RAEEUG, 4B B4 W 2 7 08 B DA K R AT TS S5 1) 8, R FPGA FHAT I i £
F, KK AL BRI 77 20 A 2 I 2% (1) 35 AR 2 A AL B 34T BE A i 5o, 4 sh 5 1 1P izl i
AXI B2 5 PS uiA H., o fE 5F %E b SEI o Rl S AT

2. &3 CNN &8

AT P R 2 25 R G R ) | e M35 7 8, K E—BEAERE —E
SRR R, B R MTOV034 R 3k S SRR (0 EUG/E IR R, it 2 Akl 5
(U HO% 9 LS HDMI SoRaeimiist B, S IR NERE, HKA AN 0, KA 5x5%
B, 8 EEEIEIE N | BRSO 6, B ESEBRGEE N 6 BEMAEN 16, H=
TR MR, HKN 2 AN 0, RARKILET.

B AN R Y 3255 KB P e AR (8]0 T LA AR 4 28 90 46 F) 0ok 3 B Sk S AR A
Ak JE AT h i .

3. A%t
3.1. BHIRE

KRR ZYNQ7010 “F &, B P ANH70 4 S H A 1] 4 #2312 % (Programable Logic) Bl FPGA #4y
8 BHFIT(logic cells) 23k, 774 .70 (block ram) 2. 1Mbit., ZF 7788 35k; AL & i (processing system)
FH— /M XU4% ARM Cortex-A9 AbFE 2% 2 a5 KAH A 666Mhz. Zyng-7000 F 5T & 1l LUl & B AR R
LR RE . RIIFEA AL AL B RE ISR,
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Figure 1. Convolutional neural network model is used in this paper

E 1. AXETRAERMEMERE

3.2. BIERGEM

RGBT 2 s, B MTIV034 1845k e BB IR, REN UG N K FE BB /3 %R
640 x 480 IREN 8 bit I AL E] ZYNQ, PL 3B L RERIM KL G, JHig ity —H
TRAREE, AR 5K A3 S i BUG B A S B S R A AL AR e, R FPGA B AT TSR AT A A4 ik
WAL TS (O BE B VDMA &4 %) PS i 1, @it PS S ByE 2247 5 DDR3 ik, 2 5 EIGHEiL
A PS wig EAT B2 AN A e 4 = i B A B, 55 5 [l VDMA i PL 3 (1) HDMI AR SR 5l o Bt
BRI )5 el BoR A R .
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Figure 2. Overall system architecture

B 2. BERGEM

3.3. EREBEAG MR

ERERBNERMEMK T HERZN 2, HUNERERNECVEZE. SREZEAE
i NElR AT IR B S B DU R SRR RIS R o Kl SR A7 A 32 EEHI R A7 28 > 28 I A &K
B, BESHRRG T TR 5 x5 MBI SEOE coe ATAF#E] ROM ' HIRICE RIS H, ik
AN RBP4 0 A S A B AT s A sfeiiz 5. BRI SEOLR AR A T

1) SRehnsEse 73 5] 15 BRI 2 A7 A rh OB A R 5 % 5 A AR T MBS 2 A7 IS e rh i

2) KREIN 5 < 5 BRI E S ERMERTEHEA ] 25 M
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Figure 3. Hardware design of convolutional module

3. HFERE LT

FEREPFSEELN, BRI W R BOE R ST, TR BRGNS 28 x 28, fEHEHLS x 5 BRI E
i, TR IR K i 77 s m ik S o BB A R RIAT M 9 S RS, T2 — LK
5, BRAT DU S BRSO HE AR B, LE AT hR sy LI, R3S — 25 AT R — S Bl DR AR — ik (4]
4 ZREOTTHERS ), —ILAT LR AR 28 AN, LA 28 ROIF B, 2 SRR B B B T4 04 . A
S TSI B R R B T TR LN 5 < 5 BRI, RARBOR A 4 Pos. R EHCR ] 25
PIEBAINESREOHTIZH, 2R AREE S ES LN, BNREM T 3 A, g7
THEEE .

B IRIBARIZ ST DO I 7y I 5 ISR S AN 88 R S BB BT, @I 7 i ST AR 2 AL
IS FE R 2R BRI R, Ea@ETEARIT AT .

3.4. M EEH MR

WA ER AR R R 7, W E E RN A2 x 2, KK 2, @l b RERLEER R
AN R ST KNR 24 > 24, T A6 )2 SR AR W R -

1) B NGRS AT 0, M ABER AR — 35 BERE R — BT E LR, R 2t
B fifo;

2) BTy 2, BrUCRAAT S B T B 5 — AL U RAT R BhR S5 S1ERB AN fifo IFREAL, B
ITHR B 5 — A 1 AR 555 — A1 0 474 20hs 45 5 9 m INK LU 3 1 B K 2 max 1 BN fifos

3) B  fifo FIEHE 555 AT HE AR LEEUBURME max2, 76 F /M bR I max2 555 — AT 4L
P B — B I EE U R KB max. B8 = AT RS VAT REREE R B AP IR
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Figure 4. Waveform was extracted by 5 x Sconvolution sliding window
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Figure 5. Pool layer block diagram
5. L EAERE

4. RGEMRS 5t

ARSI VIVADO 2019.2 5§ &2 A Ak J2 AT Wt h I 58 s & UL A R A e A2 i LL HF3, PS
By el 2 R vitis BT TR . SRR E XC7Z010CLG400-1 JF R, RF FA R KKEIRREEN
1006 Mbpa f¢] 512 MB [¥] DDR3 SDRAM.

4.1. EMLER

N T Y FPGA R BHEAfE J FPGA AMEKF miua M 18, AR BUE B hiF ey #ete
Ji 16 bit AY5E m80 I SCHRS]TAT ISR 16 bit (Y 5E R80T LASRAS 5 SR 7 md UM IS 545 R . £E zynqg
6 TR RETEHFRGEE M 5mE o HAETAPR, REEHRKTEHRT#T T M
ALER, AFEH) A EGRZE BRE . WS AR R DU A AR A SR U ) 3 0 B
BN ENEA BN 6), KRR RGAE zynq T & N HEAERIRN R T FEHT.

Figure 6. Real-time monitoring results
B 6. SERTEEMIZER

4.2. FFERINFERHT
SR GEE R, BRI EIRGRABRINE 7 ir. ZRER LUT. BRAM. MMCM #R{E %R
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Feiimr. HEBE =T E 2 —IEH T 28 ML ram, WALZMEH T —A fifo, HHUZAUEIIZAT LA
TSI 20 25 B Ja FE Ros RO .coe ST T ERA 2 G A7 SR AT F 80T BRAM BRI % .
MMCM FEJEAEH T 100%iX & T2 R4 75 2 A 2 2 NSRRI b, A4 35 Sk R AR 801 HDMI
SRR, N EE R 2 LUTRAM % T LA DSP %8R %2 0, £ LUTRAM RIEA BRI LR
A LLE vivado BRI i DSP BEHSE BTN IGEK 154 LUTRAM M #5JR. LUT #B5KH 12 6
N R TR, BRAGCL RS . B AR b AR b DL F HDMI BXEA6 B () S LR £l 1t LUT e Ani oA 225 i
H#%. LUT 358 7 9260 4, (HEGEIR 52.61%. fili k2444 8928 4>, H M 25.36%iX. 10 H4H:
At BE YR A BB AR — . @ LA B b T AR B R G S A S R BRI, R BB TR
W A7k, SEPL T R AN T AR 1 L3

Resource Utilization Available Utlization %

LUT 9260 17600 52.61
LUTRAM 346 6000 5.77
FF 8928 35200 2536
BRAM 29 60 48.33
10 21 100 21.00
BUFG 8 32 25.00
MMCM 2 2 100.00

Figure 7. Resource consumption

7. FiRHRE
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Figure 8. On-chip power consumption

E 8. /LIndE

RGMIFEAIE 8 R, BhATHFE S RGUFEEZEHAL, HAPEEIFEACN 0130 W, HRG AT
FEM) 7%, NASINFEN 1.830 W (5 RGLSIIFEN 93%, B LIhFEN 1.969 W. BIEIhFE TR 22 h T2
IS8, BIE 8 MBS EZEPRLE PS il 1.284 W, (HEIEIHEER 70%, XFEERK N
ARM Fifi% TAESUR T PL s () TAEMR . 1F PL sl S IR E ZEE P E MMCM LUK 10 [, 405 30
BINFEN 11%F1 7%.

1 RS HABE 6 LUK FPGA SEILAFIZ N4 I LLEE, I8 B 1T DAAS B AR SO R 48 I 2%
TSR P FROIU IR 5], FoT 0 28] £ BRF 1) -5 At P SRR g 10T L %2
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Table 1. Performance comparison under different platforms

1. FRITFATIHREXSEE

Fh WU 8] SIES LUT

ARM 0.041 s 666 MHz
SCHR[10] 0.047 s 100 MHz 23.258 K
SCHR9] 20.23 us 200 MHz 21.235K

A 0.23 ms 100 MHz 9.260 K

SCRR[9TR F It /2 28 R B PYNQ FFR R, f# H M2 IREGEA1E S HLS #H7 IP Mit, 52 MASC
TR S PR P IS 1A 9 0.23 ms SCRR[O]HIA I ] 4 20.3 us, (B & A5 S0 F ) TAER By 100 MHZ SCHR
Hﬁ%%ﬁ%ﬁ%%MOWH,$i%7%%%ﬁ%%7%ﬁﬁ§@ﬂﬁ%,H%$iunﬁﬁﬁ%

e/ F CHR[9]. £ ARM FE T, KM ARM Cortex-A9 A3 88 i K TAEMZH N 666 Mhz, HT ARM
iﬁﬁﬁﬁﬁﬁ$ﬁimﬁiﬁﬂﬁﬁémﬁwwm%mmsﬁﬁﬁ@¢&ﬁﬁ52m%%%7ns
B, 2T FPGA FAT AR RS T BRI . 5 SCHR[10] Mo Aseis DA K eI v FE A B L (42
T, IX A F T A ST B X 48 B R SCHR[ 1018 BT AN A

5. 458

RIAE zynq T E 1, TERERHAMWNE T F5EH 7B KRG v, HRNd 7 ERE L2 4
WG RIS % SEIR S5 1R R WA A ) R A BE T IR L ELBR AR & TR 30T 1 178 15, ZYNQ
6 TEB IR R T b, WA TR, D TR

SE
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