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FPGA (Field Programmable Gate Array) HT HEAFLEE[FNIZHE . A ¢
Mz AR LA AT [ A D BE S5 L, AER S MR O, SRIg E FH s O
TSR 5G 815 ML R EITSUIRA & Z N H . A EEFFRANE T

% J8 B A [R] ' B S A ous i RS B2 B 5e i, A r i 1A EDG ISR T AR
o PG T Ak BE ARV %) 4 IR0 R e A DK B2 RS20, T J5 28 H AR Ul B T H
it T — 8 SR IS AL A, T AR E 5 2 W 2% O T Be s I B A iR BRAE
FPGA ~F & [ & R4t IR I i 5290 Bkt .

AT T E NS FPGA -G S ERa mMe ME iz fa, DUR 7 RF iR
RGN L VG R 2 P 2% FEATH R S I N H B, X Lenet-5 &R
ML TE FPGA 1 & M G HEBE FE AT TR AW ER B SR B T G R
LM% AE FPGA T 6 HISLILTT 5o S0 B AR TH S E0s Se B jn) A XC7k325tffg-
676-2 B 5[] FPGA VG (HF ISR 7 B AU S B Uy S8 —— & b ik 4 e
Vs BERHRRAE B R B AR A )RR T OE TR T B R S E FPGA
V& BERNEG MK LR TN TS X FPGA 1 & ik AT /NICHE 55 1 i)
AFEH T Lenet-5 THEBUELE FPGA 1 & & TT R IFRIUE T 0T 00 A (1)
EEIPN

XHERML M AE FPGA - 6 B SL LT BT HR W L2 5, #£ FPGA 1
G T Lenet-5 HAME M2 HIAELE g, JFx Hab4T 07 BB, SEI 1
PR DI Re . AR SRS S, SEI 7 Lenet-5 HRFIA M
28 AN TR 2 2 18] 1) 2 [R]85 A 2 Gt 2E ) T H SR o Al B s T SR, 1R
T HE R RIB R T R W AEA AT R E E I Block RAM SEHL T
2% vp A EUHE AR AN I 28 K 51t $m 7B IRIS AT I BP0 R R
F ) @ B Ju Ak T B AR & W 2 AR BRI IRk 1P MK E B 3, W
Convolution IP #%. Pooling IP #% VL & Full Connection IP %% .

23 SLE I T AECRIE AR AR BE RIS LR Lenet-5 7€ FPGA ¥ & LI
AT m . NG SEIL R IR FE 2 S 45 fE FPGA ~F- & [ 4k 5 TR I
HE TR 7 RS Al

X#IE: FPGA; Lenet-5; PPN /KWt 5 bk E %
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Abstract

Field Programmable Gate Array (FPGA) has a wide range of applications in
aerospace, strategic military weapons, chip design and verification, 5G
communications and medical fields due to its characteristics of multi-channel
simultaneous computing, independent operation and repeated modification. The
main research contents of this paper are as follows:

Considering the influence of different illumination conditions on the
detection accuracy, this paper analyzes the different lighting condition of image
preprocessing algorithm for character recognition system, the influence of
accuracy for later target recognition project some experimental basis will be
provided for by means of deep learning network to achieve the target recognition
algorithm in FPGA platform deployment provides a good experimental data.

After analyzing the difficulties of realizing convolutional neural network on
FPGA platforms at home and abroad, in order to improve the real-time
performance of character recognition system and the reusability of basic
computing modules of convolutional neural network, The network deducting
process of Lenet-5 convolutional neural network on FPGA platform is studied
theoretically and the implementation scheme of convolutional neural network on
FPGA platform is proposed. Aiming at the data reading problem of convolution
computation and the characteristics of XC7K325TFFG-676-2 FPGA platform, the
first address anchoring method of convolution computation is proposed. Aiming
at the problem of feature graph data storage in the middle, a scheme of
intercommunication and pipeline design of convolutional neural network on
FPGA platform is proposed. Aiming at the problem that THE FPGA platform can
not calculate decimal, the quantization scheme of lenet-5 calculation weight on
the FPGA platform is proposed and the accuracy loss within the allowable range
is guaranteed.

After the theoretical research on the implementation scheme of convolutional
neural network in FPGA platform, the hardware circuit of Lenet-5 convolutional
neural network is built on FPGA platform, and the simulation debugging is carried
out to realize the character recognition function. By adding enabling signals

between different computing layers, the inter-layer communication and
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hierarchical computing collaboration between different layers of LENet-5
convolutional neural network are realized. By studying the rule of complement
code calculation, a numerical overflow prevention scheme is proposed. By adding
Block RAM between adjacent computing layers, the intermediate data storage and
network pipeline design are realized, and the overall running speed is improved.
For subsequent module reuse problems, the basic computing module of
convolutional neural network is standardized and IP testing and encapsulation is
completed, such as Convolution IP core, Pooling IP core and Full Connection IP
core. On this basis, by adding image preprocessing module, the working effect of
character recognition system in bad environment is improved.

Experiments verify that lenet-5 can improve the running speed on FPGA
platform under the condition of ensuring the accuracy of character recognition. It
lays a solid foundation for the design of complex deep learning network in FPGA

platform.

Keywords: FPGA, Lenet-5, Character recognition, Pipeline design, Head

address anchoring method
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1.1 REAREBE=ZRMWELEN

TSR, RS >] (Deep Learning, DL) N 1 2% KW 5T ML 5T ) #4
Mo RZAN KGR, WA L&A (Artificial Intelligence, AI) PY/NJE;
IRZBHBE A, Wi BHRE B A0 P, EE R FE % S R MRt gL 16
— L G BT 4 5 11 A oMl A R O B 2 ) BB FPGA B HE UM LS RS
KRB ) EEE N BR 2 7, RBIE P pE, DBIGE RS S8, IR
JE 5 ST R AE 1 Hh B AN TE

RESIEEARIZ F RN 7 H SR 52001 B st
FEAE R, B2 2 8RR B B 25 3R B EAG RrAE DL 2 M B HL I K K
PeEn T HARS I AR . ESRIERE . B, IR EIRAE R T K E B,
ENTH AR, Hiwn, 1172 B AR RGN, [UE 5515 & N DhRE
PRERRUARS I, A 8 AR R R G 3029300 B AT A s b o0 T B
FOLZE ) 2R S0 R ) R G5 DL R IR T AP S AR il JoT A T R R T A Y R A AR
SRR

KAWL T FPGA A1 Lenet-5 HIFZ /5 R 5 R 480 H T2 fE 35 @
BB iR AN IR AR DN =g o e e e R A vl 1 < PR T D2 Bl = v e e e
Bk, EMEEBRPN ZEH T EZEHEE S O EBRERN . £ X
R ER S R E bR B I S )RR R )/, kT R IRAT R
FAR AT DLAE TR FE4F 25K FPGA “F &, FF%) Lenet-5 HFIHH4 M 4%
1E FPGA “F &5 1 0 28 HE s e 3 vF 347 7 IR N I8 92 .

N TR TE L 0 H AR AT R, VR B A ST BE I X BRI K, R
930 7RG ST, R E AR KB ok bk 2, X G R TR B A ST BRI
SR AR DI S AT HRENS . ST ZE 0 R . PR BE A 5T B R R SRAT A FE R 4R
RIS AT I .

HAT, RS IEBE N FPGA F 6 IR {45 1 1547 9 28 38 1 B 3=
A DL =Rk

Z—Fh & F H HLS (High Level Synthesis) —Z8H & 2 R4 A BAEI7-8,
Wi CHESRE M ESCH A LB TR . e H HLS H 3 1P,
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Vivado W IP LWL IIRE. i & 2, Hiait CHIES #IEEM HDL. XFhJ5
ER R R LR R IR E I, PR N RAHAEE 2 HDL, R &A%
CHEFRIA . HHEESHRHE, ©2RBIBZIF R LT, FEAKZRE
P, AL

B REA PS (AhFEEENG, 41 DSP. ARM) +PL (B4 (74, FPGA)
() B S IR FE 27 2] SRk -200 . PL AR AAHNL I SRSl , S Tk AHATL R £ 21 1
GHAE AT s ml AR, ST RO SR AR, PS AF RS b B v, A7 5
Bl e AN S SR R . X BRI KR AT AR A FPGA JRAT M e IR ARF A0Sk
LA PE 1Y =R 48, [ DSP (Digital Signal Processing) % %0 [AE 12 1E,
PR B AL 3 . DSP Ml FPGA JRYE R — ¥ IFRAR L, W0 2 (8] iE it
Rapid 10 {5 . BRI A2 IS 4T B2 AR IR B 5% 2 ORI, oV U AR 4 (1)
SEIF R, T L A A B BT, AR

5= FRR A HDL 4 SIRE 2 S H k. ©2T FPGA P& SLIl, &
PSS . ZEEIEEE S DAL H AR B (5 5 SC L2 S gk W g e R, T
HE—ZFAIEE N5 RN, X sedl 7 8E e ®, KK
Pem U EIEM e . Bl TIREE B EFEAMREN TR EE, H
FPGA Ji I Block RAM i B IHA MR, #miL "] A Block RAM SEIL/IN 4
fM %, HrpladEd 25, SES R K DDR /A 5UE,  RAE B SE i
PR 22 KFTHr 40

1.2 REFIJREGLERXERN LR

Lenet-5 F 1998 E1&H, £ LI 1R 2 Pl a8 5% > Wil N T BEvh g 45
BEAT HAR R AT SN, 13 52 A8 R AS I 28 AR w22 X 45 1) D5 5 3R A5 MY
KR E . Lenet-5 BARML ML I T SLhrp o, STl 252 5477, X
2 5 AR 28 R 2% 1) O i

1.2.1 REZFIWELEER

1998 £, Lenet-5 B WKL 2 5, SCIL 7 RTHIIR . $2
M7 — RS ERRH RORTE R RS 5 T, B e — MRS, XA
RKHE KRB T LB, RiEd kSR EmEE - ZRBERR,
f e A X SR A S HERE /S B Lo m 4E AR I, R s B AR 3. A
I At B2 A A 2 AR T SR BRI A T 4ERR AR B VA BEE T G B e 0 2% ) Sk
filf o



IS =N iy = 2 Tl = 2 VAT
1.2.2 B IREEZ LK RBEER

—RHAT TR BE ST, AR R IE R BRI 5 DK A I
JUANE B, EoE TR AR . N A E A DR

(1) BBRIEE  EHRIERSRDS 3 20 LR R b AR G 4077 .
PR DE I B 1 3 H) AR B A3 b m] e B e e R A %, i &l
TERRUER R S N R ELDE B 3 e i o AR 3 A A B ORI 7 ) 22 (L8 O
DA K3 5 T e H4 e 7 (1 e T R e ot A T AR U I AT R R i A R s
B v i 0 BE AL A 1) S . SCBRAE A SRR 2 B b, R ] 0 41 25 Al RO
P SR I B A T BRI 55 o AR B AR08 T B IR R o DA R s B B 3 3¢
G IE 1 MR IR B

(2) BBgE KGR EEE S Ey - e TR, 15
PG A BT P R (0 H b AR A SE B, (A5 BAR o 45 JE B e e
B BRG] LS . B 5m K B K248 BB RS 5 T NHRR A B 3 5
THLER 2] o BRI G S92 BN T BT R AR SR AL 2% 4 2] 4. A =
JrA, ARG R AA A DR X OB AR A RS E 5 TR . I rEHLAS
U, ERIE SR ST U R 5 T AL A S, (EON A ARR A B s
SRR P AR A P 45 A

(3) FRFE] TR BIEIEDR-020-301 3 B[R] Bk R8RS VE S5 T A 7
o AT FRRAMES 2, B TARBIIZN Lenet-5 & AR 4 M 2% 1
B E AR RN, BT UVE R B AT T A o dl . MR, RS
— T B AR R, AR SR SR R Bk R,
BRRE A TEMBEM S, BERAHEFDTANME, R RN 54
Ha g R R X — BB - RR, e mamig R, i,
R FE S AL B “8” BRIMZ A “37, MA Iz RN Lenet-5 &
B 28 Z e WAl A R g “37 MiA “87. JrLAE Lenet-5 HAAfHZ M
LAY, BB AT EIE, S U R IR SR O . Xt
BA T EM ARG AN R, i H 550 8 22 5 75 2R R 4G K A,
M S 75 5 455 R ) S 85 i I 1%

1.3 FPGA M R#L5R

FPGA (Field programmable gate array) s& —Firl EE M HH TRE
LIV AT R R B0 f, XM AT DLl I Vivado BAF#EAT B8R B,



R N U e AT

M AR F . BT ERX MR, FPGA AT 2 M T8 K i &
3 H RT3, HLin 5G KB A FPGA M A ME NI . X £ dts A ikit 4
FERITAR BT e 1, R A A e — 0SB RIS, AR S T e, Rl
B BETE 6 9% R i o0 R AR P AR R i L G R A R R R gk B T
RO, B E Rk . B DUS AR = B O % 1 A S A R L

MATHEH e 122 Has A, FPGA R AE® Il 7. FPGA L
O BT A B B0 E AR AR, R 2 0 H AT RS A i B A, AR I B
TSR EFEA R RS . fHBET FPGA H&®IFATHE. L% 42 LA
Sl R AE SR 55, FPGA ™SR N T W F0 B 3455

PAAE I FVERE T, MBI HIER BE 2% 2], BRI i YOLO (You Only Look
Once) v4 W&, Bk IR BEANWT G 0, Bl 2 T >k (0 /2 4 FE 1) 32
FH 2% () 36 0 DA B G2 AT MBS e . EIRZ NS, T SRR
PEEIS AT, Eh o0 8 R B K e e 0 AR P AT T R I B
& XY RN RGN LN EA ARSI ER . BT DA &I IR 2 S W4,
PR 0 1500 I 2% B AR A5 AR 1 BORS FE . H R G IR 38 47 T FE e DL JE S PR 223K
EATH A R BETE s o)), FTLA R R L4 . i FPGA T B & & 347 1
R, PATEEE T LLA R us 00 . X2 TIREZE I MG EHRE E
AR, FPGA % MR B 7 AT — JZ W H 5, Wids — = 0 pr A @ 18 1
THE AR FIR AT, XK KIS T IS8Tl B i HL a0 5 0&E Y 32 = B A
%, FPGA KT ¥ it — Bk mE.

1.4 HEFMEZMMELE FPGA LA &L RELR

HAr, GBRMZLMLZ (Convolutional Neural Network, CNN) 7 FPGA
G WS EEAA LU =M

F—MZHMH Vivado HLS —KHmRRGEHM, B CHES WS M
JE SO A S B H Th B . AR5 1 Vivado HLS $3 % IP, 1 Vivado ] IP s
MHIhEE. fimEz, AT CHIES BB HDL. XM 7 EM R 2] L
KRG KA, HRNZAHIEZESH HDL, RAFHSG CHEFRIN
EHGFSWRHE, ESRFREIF MR TR, mEA T4y .

5 Fh A A PS (DSP B ARM) +PL (FPGA) HIZRH)SZIRE %> 5
%o —M FPGA fENEHE RS, Tt RENIE, DSP 8i# ARM
(Advanced RISC Machine) fERNEHE AL H by, St da b BN EE R E IR
XA TR ST CLRI A FPGA FHAT 14 B RF AU S IUBOH 1) = R 4, [
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if DSP £ &0 FREE, $EE BRI T . XA IR 2 R H A
F—FZH DSP 8. ARM Hl FPGA JHRAE R —H I KMk b, WS 2 i@l
Rapid 10 #15; 2 M2 ZYNQ 44, 'E4 K~ PS Al PL ¥, PS ¥t 5745
4, PL i A s 4R A0 B 5 M2 fE FPGA & EENR —HHZ, W
Microblaze, ‘EZMLT DSP, {HEFEET(KT DSP. X P22 ] DL 75 {F b
BEAT A BT, XA T R RE D B R LA, T AR T R B B A
EHIER TR I AT B AR I EER, BRI R s, i H ik
AR AE B 5, DhFE &

F=MEFH HDL w5 IR E S I HiE. €T FPGA F &SI, & IE
ST, JZEIEEE T UL AR AL G5 5 S L s k1) Y 2% e B, T
HE— 2 A EE NSRS R E B, XSl 7 8dE s s e, KK
Pem U EIEMSER . Bl TIREEIREEFRELAMREN T Y, B
FPGA Ji I Block RAM {7 %A R, #f{ 77 H Block RAM SZHL/N
W%, Ml st 2 nt, ESH M B DDR (Double Data Rate) f7
i BLUR, TR SR ST 2 R AT 3 40 .

5K, Y% FPGA IR TREIMAEMOR B 2% 2 55 3] FPGA “F & 1
TAE. (HZRTH LA, R KR E S ) LR, TREIMATE#
{1} DDR 1E Ay F) 4 A7 fi 25 0], (HACR AR . JE F /2 DDR 1
BERFEFHRE A . B YOLOvV2 [ FE T M4 H 2/ Darknet-19, AN
448*448*3 R KK, ©A 19 ZHEER, Bad— 2 Z 5B i E
B #9521 DDR H1 . MI7EM /N BYGR B 52 S BOE, A7 A B U AT DART & 22
Ko ARCPHE I FPGA N K R4 325tffe676-2, A EAFMEHRIEN 445 D
Block RAM, %4~ Block RAM K/A 36Kb, Alf LA 2 /N BY IR i 2% > VL)
7 fit 75 [A] 3K

1.5 AXHNEEMRAR

ARUR IR TN 25 IR £E X Lenet-5 76 FPGA “F & 30 2 347 & T,
AT & TSR E I Block RAM 25 Mibk 2B B K& Wi B
AT SR B . 745 Bt SR B ¥ ity Lenet-5 B2 1125 DA K R 2%
RIEEAN R RGEZEMWE 1-1 Froas. T H 2 5 R4 S IA &

FE TR AR MR FE 7, A SO XA R A58 T AN [ B B R T4k 22 55
RN AR R g TARRR R A R AT SEAR 0 M, JEXT Lenet-5 SRt M
AT I A AL, X TR 2 H AR IR A I H SR AL 1 B S iR
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fitl, X DLURBE 5 2 B 2% O T BUSEBLR H AR IR 59542 FPGA 1 & 83 6
Bt T ARG S 56 BT R

!
EFFPGAFHTH AR ST E R ERRTHEAR
}
EXC7K325tfg676-2i5 RN ER G5 aigit
I
v v v
FRARBISARNE | LRSS EtS .| FPGAHYLEGSGIEH]
=3 i FPGASEHL | taen T
; Lenet- | &4 | 884
B | ‘el SER | i | ik gt
grap | o FER | | P || e | BRI
L | St B PG | 8Tt Bl S
EHHT Ervy mkss | AL | 515 hE
wit | 3| '

K 1-1 RSMESR 5
Fig.1-1 System task division

FEREAE g a5 5 it/ FPGA SEILEL Sy, A SCRAE AT E A 4 FPGA 1 &
B R R 2 A Al E L DB v 7 A IR0 A G I S I 1 AN S B e
W 28 Je AT SRR B B R Dy H R, GRS B o My 05 U S AT RS UE X
Lenet-5 FRIZ WM 4 £ FPGA 7 & N HEE T FE AT IR AW T . A SOR 2 52
LR 2% 7E FPGA “F S I SEILTT 5, #FXF XC7k325tffg-676-2FPGA ¥ &
FIRFPESR I 7B AT S IS O S ——E b R i SR B A A M 4%
fE FPGA V& L2 A8 5 MK 2 it i 05 € R Bt S8l 48 Lenet-5 if
HBUEAE FPGA T E IR TS MG 02 X 48 B A T SR B I 5¢ Bl
IP i 5 &%, 401 Convolution IP #% . Pooling IP #% L J& Full Connection IP
2455 RETARRK S NG sSK I 2 HIR B 52 2] R 4E FPGA 1 G K SE LT
M SRS

f£ FPGA [S2 30 uE Ak RE 7> M &8 70, AR SOREAE X5 AR pih 22 W 2% 18 B
REBEAT 73 M AL Al 1, £ FPGA 1 5 #4 & Lenet-5 45 B0 48 R 2% 19 6 1F Fa %
Foxt Hdb AT 05 JOR ek, IR IR ThRE . B S R TS AR R, B2
H PR B30 5 M 1k A i U7 B —— T M b v A TR S R
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fiTRE(E 5, LI Lenet-5 FARMZ W24 1) = [R5 AvH S W0 ] 38 3 0F 2 4
R S, R O B T SR R B AR A AR T SR 1A Block
RAM S2IL T I 45 Hp () H00805 16 A7 fids A0 248 i /K 2R 150 i, SEI 8 4 [] B P A e 4
Ko, JF BLULSR i R G IS AT IR
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F 25 EGABE LK FPGA &t

21 5|8

B fE NI IIERE € R DA BI3RAT 4 (i sz il F . R, it
FHLKRYE, EMEREEE T DLER, Bt KRS . (H2, TN
BGR, BT el TIn. el E e RS E N R, ARG S
AR, XM EPI R RAZ RGN R T IERRME R, B
FEREN Lenet-5 BRI Z 48 2 Bt R BEAT M A g AL 28, In LR —ME AL
TP A BT S IR A . DA A S R IR A S B AR A M 7 I e 1) I (L Ve
LA g I I8 i S 0 AR AR s 7 R 8 1) A DR DA B e Ry #8741
AN AR . R Fr R AL B A A B 4%, IR R I AR,
MR AR RN o BT LA — e Z e e PR AL B, RERIE A P
MR, RN PRI E.

FE EMGIE B 2 5 — M2 R BB s SRR SR T R ot X AR 2R R
R ULSR Ry AR 74T 51 St 2 (e 2 e 1, AP R I AT, BME TS
#: FPGA V-5 L Lenet-5 BARMPZL ML HI UM . WFFEHLEALGERFIE . 1 A 1)
LU AT B s AL A B, S BRI s ik
AR L ZWTIC Lenet-5 TAFRA, iAW KB PR EIMRNE . 47
R AR LR, 45 0 B R & KR AR RS . 775
| 32 AT R Bk A SV E P Bl 75 7
RGP R, BUONIGHE . A% s S I 3 2 (849 A2 B R 2l A I 5 5
To WIRAE R RGBT PR RAMESS, Lenet-5 77 VR RS BERE 2 KK B
K. BRSO, — B ERGRE N R AT BRI H e . B
TRAL PR T AR UG g . UGG 5 LS 75 7 1

2.2 BGIEKEE X

PGB B SR R il — S8 o M i, AU BB B ARk 519 5t s
IR ZE S, SEELIEI L MR SR T DURR G S Br e 86 mh ™ AR R AN [ R 7 fr g
PR e AR B IE e i o BRIE T LLUE R I s MR T e S 5 5, iR 2]
S AF ARG BRI LM PR TEOR RPE H

ﬁj\
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2.2.1 HEEEE X

PYAEIE P S T B RIRIE BRI LU BAR A M 5 (55, 1w ox T30 LB e /Y
MRS T RCRIF AW, VB RMIE 5, BERREIE 5. KIEIEB AT
CLUERR MG AR B 7, A R AR SE 0T~ 1 AR

AL I 11 B AR T B2 S0 v S N TR (5 B T [ [ 5 /0N R 8 35 P 1R BT AT .
TR EIE, SRR RS RAT u A S R (AR A B B e IRE . SR8 I A
Fl 2R A G F A 3%3 R, R A B R AT 2ME, A5
Kt SRS B R BUE T ps Faf B ERIX N RIT. R AR INE-DFR. 1t
ARG MR ARG R, (R = o i e 75 45 2 8 B

' 1
f (x, y) =§Z(s, t)esf(x+s,y+t) (2-1)
A S JER BN 15
(s, H—IEPIBNE IS FHIA,

£ y)—Hinh BUE & MER R R

222 HEEFRE X

FEAL PRAT A LU AR R B A5 S, TR R R 2 — AN BB IRk 5 17 24 %)
e IR AT AL BRI, i B DRI R RS R R SR AR T E R . e TR
RS AE Tl BB ARG, R BB L 2 A5 B Ak .

HE D, T FR R 0 Al 2 B 7 /N R R38N R A8 2 Bt 1 A B R AU 1%
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f'(x, y) =Med{f(x+s,y+1t), (s, t) €S} (2-2)
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(a) Ideal filter (b) Butterworth filter (c) Gaussian filter
2-2 ANIFIE A AU T X b

Fig.2-2 Comparison of waveforms in frequency domain of different filters
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KIEEETT MR R AKX AK (2-4) Frr.
P(k) = %,kzO,l,...,L—l (2-4)

X POO)——5 k NIREGIRE A IR 5

Vavar

B KR IR NET 1, AKX (2-5) Fiw.
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EREAT AL B, AT B BRI 9 K R . AESEBR R A, el AR aR 5
KRR, AN EBEEMmEE, BTSSR ENA K. XX EE&ETE
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Pl st a i as (2-13) Pin:
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o TAIRIES
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Fig.2-3 Lenet-5 convolutional neural network structure
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Fig.2-4 Physical diagram of system composition
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Fig.3-1 Research flow chart of character recognition system
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Fig.3-2 Character recognition system overall design

3.2 BG4S piER

PG AR i AR LAN LR P DU RD ST 2 s, ] 3-3 s . AHAILIE FH
& MVC1381SAM-POCL60 TV AHHL, ZAHHLZ —3KZHF Camera link 3
W R A A T AL, &R samiZ s Fr 60 i, K/hA 1280%1024. %
RIS MIIARBI NRGE S, SEX Camera link HrGEH T, EELERG
EE N TTL AT TS 5

BRI
[ bl s }

3-3 BRUR A A2 AR

Fig.3-3 Image generation module composition

3.2.1 Camera link t#i3 275

Camera Link P i 4& tH 3 B H 3h & T Mk % 2 (American Institute of
Automation, AIA) KA K —Fp L T H T Post s f A A= i i . Camera
Link #3872 BA Channel Link H3 92& A€ Hil (. 24T Channel Link #313,
Camera Link Bt LMK 2 %315 5 (Low Voltage Differential Signal, LVDS) %
A8 i A SE I ) DAL A, X AT RSS2 PT DUAE 1 18] SE I e 1AL i
FEALA Camera link £2 WK 3-4 fis .

-21-



Kl 3-4 FHLEY Camera link # M
Fig.3-4 Camera's Camera link interface
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Fig.3-5 Image data and image enabling signal timing
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Fig.3-6 Camera Link signal transmission
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Fig.3-7 Image recognition module structure
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Fig.3-8 Principle of convolution computation

6 |7 [8 |9 |10 |11
12 |13 |14 |15 |16 |17
18 |19 |20 (21 |22 |23
24 |25 (26 |27 |28 |29

iR 30 (3132|3334 |35
P
0o [1]ofo |o|B Hob
2 14 |10 B0 |a |a
1 (3 (o)1 ]o]o0
o [1]o]o o]0
0o (2|00 o]0
0 [0o|o]o o]0

Kl 3-9 Hieh e Ul R
Fig.3-9 Data read address principle

-27 -



R N U e AT

333 BHAREERFKE (Pipeline) 3+

HCH LA b 2R T AR E 2 J5, 2 a2 Lenet-5 B AR
22 X 248 A — 2 1A o T 008 1O A7 fi 170 o R S v T 00 0 AR 1A PR B 2 P
ANA]REE P A A A A R AT /A%, 1T DDR {76 25 (0305 1 T 8 Hiv 'S fr i i
{4, Block RAM HAESHEEN. WA EERE, 1 H A7 2 e AR
FRIEER, FrAARTREIEEE FPGA 8 NHER ) Block RAM (B fEfitids) /Byt
) A7 4

R SRR LR

Block Block
RAM RAM

& 3-10 Lenet-5 AR MHZ M 45 LK k51t
Fig.3-10 Pipeline design of Lenet-5 convolutional neural Network
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Fig.3-11 The convolution calculation error case is compared with the correct case
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Fig.3-12 Interlayer communication of convolutional neural networks
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Fig.3-14 Rule of address generation in convolution computation
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Fig.4-2 Image preprocessing results under normal illumination

-36-



W R Tl K2 i X

ZiEPTiE, EIEFEJCRAMT, TP SEGE SRR E, &6

X B HEAT AR AL B, IXAE R R] LAAS B EE A B AR A ] T A R R B R
Zh R

4.3 R T EG A IEsLIS

FERICHRSRAT T, AEF MR T’ 4-3 (@ FosiEUE LG E . ZE
B IEFCICT B R —#F, G 7O .

¢

e T |

241 241

-
Po———
_——

(a) RIGEEIE (b) EIR I 58 5 1 5

’
L]

]
.
[ e
(c) LK I 1 B % (d) ~EHEEIE
A
(© FINTER AR O BEIE NEE

K 4-3 5a)elE T B Tiab BEgh 3R
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Fig.4-4 Image preprocessing results based on image enhancement
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Fig.4-5 Results of image preprocessing under low light
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Fig.5-2 Pipeline design of convolutional neural network

MEER ESRE, MARZRIA Block RAM ) Lenet-5 35 FUAHLE X 4% X 4% 1)
W 2 ZR A 52— AN K R T o BRSSPy Bt K R BT SR BL, X “ T AR
etk ge”, RIVFH AR Gf 25 (R4 AL B RE o B R U A E P A D e SR s 2 Al
N T D25 WK 5-2 Fos 2 AR R TRUK & fa B . B RRE 3 fETT
AR K RIS UG R I RRAE B, DR p2 SRS RPIRAS, R fEA
B Ak IEIR R GO A R IR . RIS BRI E AR B el AEAREE SR =gk En 1A
B AR, ABRAE &R “HUKER” s, RBERRAEIRLTF LR
HLUARIIRBE LK ZR A TR R B i S AR 34T N o AR RE R RS At A
BRGEEE . HERIESRAEZATH, NEAESRET S E KR E A, X
T LME A 28 B IS AT B S 2.5 5. X 245 )5 T 210 Block RAM N
No RSP BTN, 4% S R EUE D RERRER [N 25 47 48 K G e i AT 1
FERIT5% . RS MERZ 1w A4, HaGRMRAtEaesRTt, B “mm

_43 -



i 7RV MV RS 22 R ST

PERE”. XARKIER T ARG EEL

K 5-3 FKZRTH T A5 R
Fig.5-3 Simulation results of pipeline design
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Fig.5-4 Interlayer communication of convolutional neural networks
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Fig.5-5 Simulation results of interlayer communication in convolutional neural network
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Fig.5-7 Pooling computation simulation waveform
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Fig.5-8 Accuracy test of Lenet-5 convolutional Neural Network
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