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ABSTRACT

ABSTRACT

As an important part of computer vision research, the real-time detection
technology of multi-motion targets has been widely used in many fields such as
intelligent security, intelligent transportation, military, etc. Its diversified application
scenarios have very high requirements on the system's power consumption, size, and
real-time index. However, the PC platform has the disadvantages of high power
consumption and large size, and the traditional embedded processing platform can not
meet the real-time requirements due to its serial processing method. In addition, the
motion target detection system based on Field Programmable Gate Array (FPGA)
meets the real-time requirements, but it lacks the flexibility of processor system
software development and needs to further cooperate with the processor to complete.
To address the above issues, a real-time multi-motion target detection system based on
Zyng-7000 All Programmable SoC (Zynq) is constructed in this paper. The main
contributions are as follows.

Firstly, the current research status of motion target detection technology at home
and abroad is described from two aspects: motion target detection algorithm and video
image processing platform. For the current motion target detection system has many
problems such as poor real-time, high power consumption, and poor portability, this
paper provides a systematic theoretical analysis of the commonly used motion target
detection algorithms and auxiliary image processing techniques.

Secondly, this paper designs a motion target detection Intellectual Property Core
(IP core) to complete the image processing. The two frames are aligned using First
Input First Output (FIFO) memory cache; to speed up the processing speed of the
system and improve the accuracy of the detection algorithm, a pre-processing
operation of graying and median filtering is used for two consecutive frames of image
data; a differencing operation is performed on the pre-processed two frames; four sets
of different thresholds are selected for comparison experiments to realize the
binarization of the differencing results; the binarized processing results are further
processed using morphological filtering operation; using a neighbor-based theory to
optimize the multi-motion target labeling method, i.e., determining whether it is the
same object by spacing and removing overlapping borders to achieve the labeling of
multi-motion targets; overlaying the detection results with the current frame of color
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images to obtain good visual effects.

Finally, the overall structure of the multi-motion target detection system is
designed using the modular design idea. The system includes four modules of image
acquisition, data storage, image processing, and image display, and the task is
reasonably divided into two parts, Programmable Logic (PL) and Processing System
(PS), using a hardware-software co-design approach. The hardware algorithm
acceleration for motion target detection, data acquisition and High Definition
Multimedia Interface (HDMI) interface driver are realized by using parallel operation
at the PL side, and each IP is integrated to complete the hardware system construction.
The Video Direct Memory Access (VDMA) IP core is used to cache image data into
Double-Data-Rate Three Synchronous Dynamic Random Access Memory (DDR3) for
frame caching, solving the problem of limited storage resources on the PL side. In
addition, the image acquisition and HDMI driver are implemented with programmable
logic and encapsulated into IP cores to improve the system integration; the camera
driver, frame cache configuration and initialization of each IP core are completed in
the PS side.

To sum up, the system built in this paper not only has the advantage of fast
parallel computing speed, but also has the flexibility of processor system software
development, which lays the foundation for subsequent system development and
upgrading. The test results show that the system can detect and mark multiple motion
targets in real time, and the system has practical value because of its small size, low

power consumption and cost.

KEY WORDS: Zyng; Multiple moving objects; Real-time detection; Hardware and
software co-design
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%5 ®: RGWAELERDr. BN REMINAEHATRUE, X LS
FPGA a3 Hnfrilbric J7ik, JERrsei st RtaT 0. MRJa 70 i R 488 TR A
R DIREANSEI L R A E R sh B8 Se ke e [l 1k

%6 F: RS RE. MR LK TAENERAT RS, JFRM TARKRTE
BB e BT -
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F2E T & ARBR

2.1 ¥ & Zyng-7020

K RGER H WG Zyng-7020 JF kR . Zyng &R B AR (Xilinx)
BT gt CARMD ST gmtEtE (FPGA) #ATS &, 1Ev—Fh
R R RS, Zyng ik AN NN SR TR OR B AL B AR 77 S5 0E R M
BE, [FIEFSEEREME. Ty R, mERe . RIhFESER B, Zyng M1 PS 1 PL
P . Zyng 3O I ERES A an P 2-1 B o

Zyng-7000 SoC

e} Processing System

Peripheral icati i
ripherals | . Clock | | Reset | SWOT Application Processor Unit .
/ USB gneration FPU and NEON Engine FPU and NEON Engine
TTC
UsB | | 2x USB ARM Cortex-A9 ARM Cortex-A3

aor | [2x GigE system | | MY CPU MU CPU
GigE 2x SD Level 32 KB 32 KB 32 KB 32 KB
SD Control I-Cache D-Cache I-Cache D-Cache
SDIO IRQ Regs | :
D - GIC ‘ Snoop Controller, AWDT, Timer ‘-l--
SDIO 'Y Y '
GPIO | [ | <} DMAB » 512 KB L2 Cache & Controller ‘
Ol UART : Channel
= UART | [ ] i
con ocM | 256K
e __ | Interconnect | SRAM v
12C L
SPI Central Memory
SPI Interconnect =| Interfaces
T CoreSight DDR2/3.3L,
-} Inte rfﬂ?lg‘; = Components LPDDR2
\ SRAMY - Controller
NOR
ONFI 1.0 - L DAP ‘ A
NAND - DevC Programmable Logic to Memory
0-5PI [ Interconnect
plem v #4 t —F 1§11
EMIO XADC General-Purpose DMA IRQ | Config High-Performance Ports ACP
. Ports Sync AES/ .
12 bit ADC SHA Programmable Logic
SelectlO
Notes: Resources

1) Arrow direction shows control (master to slave)
2) Data flows in both directions: AX| 32bit/64bit, AX1 64bit, AX| 32bit, AHB 32bit, APB 32bit, Custom
3) Gray blocks in APU are applicable to dual core devices.

K 2-1 Zynq © A A BB EE #
Fig. 2-1 Internal structure of Zynq chip

ARG K ARM EBEE RS, W URIETT AR ISATIE R, WL
f£ BT Linux 55 LiR#EIE RGP, JFHE&ER T AFEHES . RN R
HRBEHE

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net
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AT YRR B E T Xilink 7 RFUK FPGA, AMUFEK T H KR I TIHE,
1M H AR T I RAR I HIE A . FPGA SRF/K&Z IR RE5H, BEi b B
MR, mEVERE, EEHATIBE MR, T SE U S s A,

Zyng KRGS M dE . REIRM AXI hBCK A RSG5 ] gn fE 12 4R 1
BB RS GS, SCUL T RE RS, X R n UR AR R T )
D5 VA A AR A R R A s R RERS, S R G EL, X R AR
WE ERFERERD, FEE AT DIBMATR . BT RERN e E KR . s R
. Zyng BAA 9 A AXI #E, MO 2 AN EEA R, X DT T A
H 2 45 N0 0 LB DL R AR TR R 45 R G R I ) EL B

KXNERIEET Zyng M3 ARG T Zyng R EMZIE S
JR A\ A 7= 1) Zyng-7020 S0 F AR, HSEEInEl 2-2 Frow .

& 2-2 Zyng-7020 JT KR
Fig. 2-2 Zyng-7020 development board

2.2 AXI Stream PR ARITTAL 2

AXI Stream P €145 tvalid. tready. tuser. tlast. tdata TLHfE 54k, Hrb
S 52 tvalid F1 tready. tvalid Hi & IEsIEHI, 24 tvalid e HEF I
Fon tdada MRG0 tready HREBRUCIRIES], 2 tready Dy HCPRS, %
IRENOR CARER I . RAY tvalid 5 tready {55 [FIN A& A, Bl A fe
Bate . BB ERZESY, FHFAASHIABIRPIRE, Ll AXI
Stream P EAREHIE. 2 tlast Ay PG SRR — DN UE B O 246
SERL. tuser J& H E XASS, A RURYEH P IR E BT LCHS X

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Xilinx 23 G T A AU UG AL B 1P A 4B JE T AXI Stream AT B Y
541, REF-¥38 AXI Stream Prill )52, tuser 5 tlast 45 T HIE L. 24 tuser Hy
5 P R — i MR IR 58 — N B T AR A, 2 — Wil 28— AN B A o
BeJG, tuser SLZIAR AR ELT. 24 tlast Ay HE P IR IR — 47 B0 )4 e B Ky 45
W, M7 HIE RS — ME R AL E UG tlast 3% IR

2.3 DDR3

DDR [#]4#% A Double Data Rate SDRAM, [ XA 33 2 (1) [7) 25 5 25 B WA B
WA, MIXHF1%%i ) SDRAM (Synchronous Dynamic Random-Access Memory,
[ B ASBENAF N AE) RAEGES W B & fmEdEs, DDR nf LAE(S 51 Bt
WS T RRIR AR AR, BA XS A HE S . DDR3 &% =L DDR, HH#
THI—/CH DDR2, HAH S TSR, BAUKIIFE, Limttae s m.

Zynq il DDR #%ffil 88 k3= 75 DDR Af7#fif#s. Zyng-7020 R #K KM A
DDR3 W ff & A & N 1GB, f fmia 17 1€ B ] ik 533MHz, K Ff 2 1] ik
1066Mbps, ¥ it A LLERfE 30.7Gbit/s KM w5 . X FE I AE A A 5 4 15
Zyng-7020 BEMEIRAA RN SRR NAE . w553 ST R P¥. bAh, DDR3 PIA7H
YE N PS b FRES BT N AE. T DDR3 J2& PS ¥ IFEfEE 10, Kk PL 124
R AXI #0015 ) DDR3.

2.4 VDMA

BLEEAE% 281719 (Direct Memory Access, DMA) J& —Fh ¥ 44 4 55 bR
UM EAR . VDMA 7] LUEAE 2 — M & T T EHE AL EE ) DMA, H AR T
PRATAL 2R AT 2 i 2247 5 D B ThRe, 78 Zyng LA VDMA IP #% 7T LA
fafb it R G 7% %% (DDR3) [y B8, ZEAAF G AL H v, — FBER FH i 28 775K
fi ke G 0 3 N RN R R 7 (P 2R AN UGB 1) 1) 8, TR BS B 1 J5 2k i g kb
L, —miEE AN S KT BRAM 7k &E, Kk PS it DDR3
KAEAMIZAF. Xilink BTG SO0 GA IR 1P #5895 AXI4-Stream P,
VEAE A AT G AL B S R FF 1P B A 1, BB 7E PL i tHiB 4 AX14-Stream )
Wo TEE A ALy Memory Map #7488 IEH 5 A RGifrifias 1, JFHAM
ARG B R 2 Memory Map k&30, 3Nl 75 B — MRk 58
B AX14-Stream %35 Memory Map #=UH0AH L4, VDMA 1P /2 n] DL5E ik
IR VDAM BRI e, BANEIE, i 5EEE AXI-
Stream A PEIAE N RGFAAMER T, @I EETE N R ER IS E
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BEHANREHELL AXI-Stream SR, AT SEIEAAEHE IP 125 R GAF b4 2
6] (1) =R AC B . VDMA FIAE R Wi 2-3 Fior.

Control and Registers  #———AXI4-Lite
Status
AX14 Memory Map DataMover ¥ Line Buffer «— AXI4-Stream

2-3 VDMA [JHE &
Fig. 2-3 Block diagram of VDMA

VDMA [fJ#:0 FEE AXl4-Lite. AXI4-Memory Map F1 AXI4-Stream —
Pl AFERGHEA AXI (General Purpose AXI, AXI_GP) $£IHEEE AXI HHk
BiHER: VDMA 1] AX14-Lite #2107, ML EE RGN VDMA (1) a7 748 14647
BHEE, REEEXT VDMA FIshASEE DR IREU H 1. AX14-Memory
Map 4 1143 N 5 3l 18 774k 28 i B (M_AXI_S2MM ) 323 38 77 fif 28 b ok 55
(M_AXI_MM2S) HAM 0, il AXI 2 GE AR 5 A3 2 St 1) w8 1 e i
(High Performance Ports, AXI_HP) &, MIfiscHLX /7t (DDR3) =5k
V7 A . AXI4-Stream [ 43 O 32 08 38 AXI-Stream Uiy B S (1) AX14 B2 [
( M_AXIS_ MM2S ) . 5 il i& AXI-Stream i B B ) AXI4 % O
(S_AXIS_S2MM) , Zrall F Tt 2148 Mkt AXI_Stream 4% =X ) £
. I VDMA FIAEE AT LAE Y, VDMA W& 2977 % . Bzt 1742
M = . AXI4-Stream % 3 EHE FLEE H R G A7 A EREE A T AT S
BEHGIEATSRAT, SR )5 OB AT 245 I B 2 A 5 N B3 Hh 48

2.5 OV5640 &k

ARG B R ) OV5640 #5%15% SR 2H A% i 2 R A &1 A 72 1
CMOS g feikds, mIEEMER, SRAFEURML, tHXTT CCD 15348 DhFE K.

10
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OV5640 515 kAR 20 s Ean i 2-4 Fis o

)
) |
B /,/“k 4‘: =
] a
D!

£0) Yoodsd  Le02
u.lmx‘mﬂ 0V5640

mmmnm ' 3 u y
2
-

K 2-4 OV5640 FA5 LA 2 S I
Fig. 2-4 OV5640 camera module physical picture

OV5640 FA% Sk HARKE mian T -

(1) +F YUV. YCbCr422. RGB565 LA} JPEG %5 £ R & 2
(2) TAETHZERALE 150mW-200mW 2 [f];

(3) Al SEIL 500 FHR = M kS (15fps) IRAR;

(4) E = AlIAE] 90fps KM (640*%480) I K4E;

(5) SCHFZ 4y R AL A

(6) I R AR B UGB AT A M

2.6 HDMI

HDMI 4811142 il 2 AR 11, RS [F) I A% 550 35 AER 8 R0 /=0 23 HE R A0
o, i T B I ) D RE LR, B4 HDMI HiL 7 58 =ik 48Gbps,
TR o PR %, a2z SR T A AR FES] (Video
Graphics Array, VGA) . ¥ 7#i4i# 0 (Digital Visual Interface, DVD) , %A
T — R Z R OARE, EAETREM. e R &5 T LA B SR

5. HDMI 45 W AE B E A0 F 225015 5 an s A% Jan A AT 1) & S A A 3%

2.7 WitLHR

Xilinx & Zynq #it$#E4t T — KAWL HE, B Vivado %Kit &4 (Vivado
Design Suite) . 7EX} Zyng-7020 H AMGHATHR LRI FEH, FEHEI T LT H
AT A

Vivado IDE: FEATH LRGP (it B EE B R PR

11
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BT R, WAL E T IP T RAER BT DR 5. AN
LR T B2 1P IThRE, AT LASEE HE ) IP %, WsinF| Vivado (1) IP i, J7
FERERES R, AT RNE. Q8 TR, elsitmANGE, Bl ir
v 256 QBN S, AR RCEURR bt SO ERAE . R LURRAR SO T 23
XN TR S8 % T FPGA (¥t HZXT Zyng Kid, R 5eh 7 BEAF 1)
7y, IBFEALE SDK (Software Development Kit) 52 liab# & 48 3 KT K
Vivado #1 SDK i fF 2 (B 3E B, A MR J7 b beRR R S5t 2] SDK, I —
H 5 5) SDK.

SDK: M A ¥REE, @ik SDK Xf Zyng AbFERGEE 031730, DA
ANTREM TR, BERERES%. SDK N EEFE JTAG (Joint Test Action
Group, BREMNK TAELD) kAR NAFHRIES . B4 IP BIIRSh AR 2 SR 56
BEUR

AR T, EHFRA Y Vivado 2018.3, HkREEAFaE. I 2-5 &
zZyng R AE, KEATEA N 6 20, HATE Vivado A 58 AT 4 25 IR 151
53, AE SDK A 58 s A 38 43 Ml e ik .

Step1:f) & Vivado Step2:f£/HIP Step3: 4= Al i =
o Integrator )] 73
TFE HDL
Processor System

L

) Step4: 4= i,
Stepb: BRI mgg??g@< Bitstream, Jf 5 t1
SDK

2-5 AR ARG KR

Fig. 2-5 Embedded system development process

2.8 WitHE

2.8.1 BEHAEIT

PGB R RA B — AN E BTG, EXN—DNE RS T RGEHT R
IF, At A TIUZ 7] B BT (0 77 20K 8 R G A BRI 43 9 AH BT (1) Th REASE
B, REASTHREBLE O DRI BN R . T SN TR AR kT,
B O — R S 2 5 A T R Y Th Re B A Ak v AT DAL By

12
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{7, JF BAF A KM S 4E 7, FR et e, RIS ear
LAUG M E R A . A RGUR R 750 58 A ThRe i e . st B TR 2 40
Ao AP R DIRERE I AN 2-6 P, R R Gk B AN TR

iz
I e S

RERA B fEskC

sl el [l || | 7|7
AR AR
AR IREIE
Al A2 Bl B2 C1 C2

K 2-6 BEBRAL T DI REAE &

Fig. 2-6 Functional block diagram of modular design

2.8.2 AW F B

Zynq-7020 73 NALEE R GUATR] G AR 2 A DU 070, B AT DAEAR B R 48 B SCELK
PEgAe, SORTUALE R g RE 32 48 80 20 SCELAE AR R, DL mT AR Rl A1 o R e i
HIJTEERS Zynq AT A . RAIBEUE T2 CEThRE ST )a, AR AT S A1
AR E K UK Th BE AR R B 7 B B AR . b B R GRS R 15
HIRE 198, G E TSR P PAT IIESS ;s T n i SR 2 ik 2 R AT b 2
RPEER, IS S B T AT S SR B A B R BT 1, BERT BAGR
B AL EEES R G RAG VR LA, SCAT DU vl g 22 AR AT B Sk I, 5890
A AELEBHIR, S RGETERE .

Zynq fr ERGERCGHRELIE 2-7 fon. AR DI B R 5 (K
) MATgmfEgsE (M) J5, JGfE Vivado IDE H58 SUBEM 41, KRG 5H
2R 3| SDK Hf i SE R AT BT 0 O BE T, B K AN G o U A A v o HEAT 4B
o, BEMBGEE N IE, RESTERAGERIF T RAN .

13
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BORFE R
1P KRGt
. BRI TR
VHDL/Verilog \
KNP
Ny T {41 % (Vivado) /
2 v
ARSI \ REWt Wk | BAEIFR (SDKD 158 S
PSR g o PSR
AP A
Vivedo LS d Ji& g'%l:ﬁl 57 f 1’??2%& \
IR )= AT 2% EEAE 224 ; o
s SRS | g A
‘ i
IP % L ]
RYE) S =I7 AT
|
HE=J7IP RYUE
g 2500 i
IR A
CRR IR [ B i )
K] 2-7 Zyng A L RGBT RE
Fig. 2-7 Zynq system on chip design process
2.9 KRENG

KEFENA TGS Zyng-7020. V5640 545 3k LA K FH 2 () — e e fiH
AR, il AXI Stream R AR . DDR3 KA RGUHAR A 2 RSN
1 (DDR3) H i {¥] VDAM IP #%. HAMES4 T Vivado IDE. SDK R FK
TR B BT AR P [R] i 5 1T v

14
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3T KM LK 1P AZ Rt

3.1 iz3h B Aet SR

B —Aiiazh B st LA 25 B LS G 2ot by, #a Had i
A, H RS RAE R RIR RS G S A TS DL, I, FEREAT RGBT TR SR
— ARSI AR R 5 S B Sk B R

3.1.1 Nk

YR R LRI, AR BT T o R R R RO AE T AR AR AL, XA
BR ARSI SRS TR REMIIEE, Bn] PR
Mz A br. Gk B R 1K L BE I 18] (12240 5 38 P 3 R AR R NG 5 2
INERERE . RFE. BER. ARASFELROEAE I — ORI R &, B
B IE B TT % DGR AT AR A s N 37 SR A R, RIAEAEZh S8 5
NIRRT LU IR 2 H br, BABEmR A A R . (HREREERTE —H
RFFAZAZ B EE R/, G AR, DIOemiE s e 2Rt BON RIS, A&
wlas brisshid RN L. Ihh, RS RETEE MR AN RS E, &
R, THEREOR, S 20, EREAR B SCIUBON N, X BRE] T B A
SEBR AR IR

3.1.2 BRBKRIE

T FOR R0 2 AT S AT ZE s EOREIE ) H bR, ZHBR KX
Sl 58 IS B H bR T E X35 e T Sl SR P s I 25 R AR T e e, ot
AR AT, ARG Ak SR A R %%E%tm,%%m%wﬁﬁtgmoﬁ%%
TSRS WEER, IRE m iy @ gkt W E A R R, B A
i¢,%ﬁ@m,mmé%%ﬁii%ﬁﬁMﬂ%T%,R%%?%%%ﬁ%i
st IRE RN SURBON 1 SR AU, (RN R4, BHE
ﬁ,iw&&ﬁﬁﬁ&&ﬁ SR BRI AR E A 3-1 o

E LIS e
CAEA A — BTR B

HREK

K 3-1 H S BRIE AL A

Fig. 3-1 Flow chart of background elimination method
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s FRvE AT LA =(3-1) #H AT ik
255,|1,(x, ) =B, (x,y)|>T

3-1
0, [l,(xy)-B_(xy)|<T (3-1)

xt(X1 y) :{

A, X(xy) &on ¢ I ZI 3B R IE 30 A AR &R —EA B, L (xy)&
AN ZIRIALARIT, B (X, y) R t—1I 20 R EUR, T R RIBIE

3.1.3 Wil ZESE

it 18] 22 5335 75 SRR R DN G 22 43 B30, (R ] 22 70924 7 B0 15 5t
BEATERAR, T2 R AR AR MU 22 3 ia B, DRthis o FE s AR . QG IR R 4R
SIS EUG P 5 2B 221, BIAHARMI R A A e, — RGO, WS E R
e ZERR, KENGSRIEIREERGER L, WSS SNKESERAF.
YA EUE T B AR AFAE R AL R AR, A AT 5 il U A R AR 2R AL A 1R K P A
TEZ, FFMEEMAEIE, HRESENERAC, misshPisgeE 76, %5
JEWIRK A NE SR 51 s K EE 2 2, XMEHEARN 0, X IER—A
HIER) B SAE, BAT LURHE s iR A Serb o B ok iR 2 2 vk SR B ] A
BOAE ARSI, SRR, SO MG — e RERRE T, BB, fE
WP AR 2 AN 28 BRI R RIREIE A, (H2 4383 H bR B 8 Sk K i
TAEA B S LA IR, I3 H bRig 3 B ORI AEA B R AR
5, HERIREUHIZEh B ARIAS BRS04, it A 2 20 i i R B a0 1) 3-2 T

ﬁ%ﬁmgﬁ—ﬁgﬁﬁ%@T+

YRR Y 123 H w

C:

i
%

ZEop I8 — BE —fHA — P

FIARY

N

ki 5 —*E@ﬁﬁﬁj+

K 3-2 i ] 2 iR

Fig. 3-2 Flow chart of inter-frame difference method

SCAH <08 7 ot P8 AH R AR R A AR IO A FEABLAE 22, R XA, 5812270 K
%, X (B-2)frs:

D, (% y) =, (% y) = f (X Y) | (3-2)

Xrfs DY) NZEDEE, £ (G y) AT (X y) 20 52 s A EG 7 1) 28 n oA

S5 n =1t O BAR R ORI AR BEA . RIE & AL RAE, X ZE 7 1 R

16
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1T AEAAE IR, nsX(3-3)Fn:
R (x,y) = {255, D.(x,y)>T

0 ,else (3-3)
X, TAEBEEME, R (Xy) NAEWEE, D, (x,y) NEDEIG . WilEZEsy

TR BN 3-2 R .

3.1.4 ¥ Fiazh H a2k e
IS EAE R . BFEtE. S48 . serftEohdebs, XF=FE HEsh ik
WEVEHEAT T A, W3k 3-1 fros.

% 3-1 128 H ARkl SHE % Ee

Tab. 3-1 Comparison of moving target detection methods

iz 5l H beA il Sk PARIRES W ERTE o 1) 22 731
it HAxfE B (VA - NI N2 N g KA. AR REER
B —f 7 B
R K i 7N
SEI 7 B iUt

Gaki)n, JUEMHEAREN EEETR 1ENAE T R K R 22
3.2 FrEBAEBAR

ARSI T, G RER BB AT RESAF AR, JF BRI
G—povkt, BORGUSTRERLMESE, XETHEE MRS EEL
BB I8 A WA (5 A BRI 7 2R R A B R A R 2 B
PR IUARRIE R, 1G98 AR RA AL S, St DU R SR A BRI is 5 i,
1fi BN iz S O,

3.2.1 EMBHIRENL

FARCR R EE — B2 RGB W Bk, BEREREE T
PRI B R E XA T RIS RAE, H RGB =AMFt s S 4 p. EHEX
R BB BEAT AL B G B X = A BARIKHEAT A B, MEPRRCR AN R . 34T R b
I, —RIFA RGO RS, MRRERBRIAZ%. BB, B S
LS, XEERERKERERE S T, KRR S — R 2R O B G
WKL, A6 P EE AL IR B K P VR EAT i 2 ) R AR PR R4 TR 0 5 4 1 2 T
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TR BRI A — B E ISR, EANEHRHEIKEL . BURIIK B W
RGN K R R EE RE RE . KB B 2 £ BRI EEREaRE
B, WiesE, Dl e st G A s A s, ANtz E, L RGB8ss
R, IREACRTRR XS 24 £ (256° Fhgif) HmdTER, MARKEHERA 8
fr (256 FPAKESEHIIEE) . BHIbn] WL, KA T LIRS, BRI
RGTIRHFE, REEERE,

HHrA 2 Fh Bk n DUSEIUKEE AL, ATUMER RGB & KH o &EAE Wl Afd
F =N B R B AR S8 s AT R0, AR 4 N AR S €20 0F 1 S50 FE P 1R
WS IMBCFEIEE oA 2, Wa(3-4)Fs:

X =0.3R+0.59G +0.11B (3-4)

Xf, X ERIZBENKEME, R. G. B BRZAGENA. &, HEtEy
B NTIRAE=MKEMFEILEFZR, £ MATLAB EXTE AT THiHE, iK
SR UNE 3-3 B, vl AT HH N T 3 AF v K R A 38R B i R 45 1

() R

(©) TR AL (d) AT A (IR
K 3-3 KEWFIENIH

Fig. 3-3 Grayscale algorithm simulation

3.2.2 BB K
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BRI R P A S A, RS PRI R I R, HRESTH
PGB BRI AN, sz 25 Se -G AL B N B &, JFX iR e 3l B ARl
LR AR I o ARG BER UM B P A I e B R P e s, 3R
BRI o R AE T v — R P 2 1B D I A R DB AR g Mg 7 o 2 B DB i 2
I AR € SCERAF AL, A b AR AN R R ALl X sk Y (45 3Kt
AT PUE 3R 277 A BB B Z A, RSB B SRR SR g L fir
BNGEE, AMERIER A K. & M RIEEEA 24 LR U

(1) FE PR, A I N AR 2R K FEAR )T B 45 U o 5

(2) A E IR IOBT, g I P AR R K AR ) e A 28 48R 0

N T K B RR g B AR IERE ST, (] MATLAB Xt P R SRLI3EAT 1 1
B, B8l 1D S A R R A AT v SR A A E RE Ay L rROG AR M R o g
BRI 3-4 Fro, O s i pERCR W& 3-6 Fras, MBI AT AR LR
ghiie: BMEIEPILIEME F RCR AN, I BB BRI A0y, JEEUE B EE AT
RERE; FPEIEE] UUA Rt g e s, Jf Had g a1 BRI G B B0 .

(c) B UEBE I EE (d) #fEuERE KRG
] 3-4 A I SRV X R 5k I 7 ) IR R L

Fig. 3-4 The filtering effect of two filtering algorithms on salt and pepper noise is compared
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(b) e s 75 5 (1 5

(c) HEIEB B & (d) EEUEME KB
] 3-5 PR IR B3 0 ey SR 7 D R RN L

Fig. 3-5 The filtering effect of two filtering algorithms on Gaussian noise is compared

3.2.3 BB

AR B S TE W BIE, e ZBE S KR B B AR R SRS E R
— OB, KA R T 805 T B AR 3R R A BRI X 3, i B3R
N REEAE/N T BHE G R ik e N 5, MHBORER R, KERSE A
Wb B G AR RAE R A ARG i A pde, A KR B 1) 256 MOKFESES, HidlE
mit— AN, SRS EHG A BE AR N B, H RS S B bR E F AR A5 5N
WIS, MTTTAE B 58 H IR X Ik 1 AT, — B4k 32 B DL R PR 5592

(1) BE BE: @k B B E R AT . XM AR E RN EAE
o (EAE X IABE B IE N AEANGT, 38 B BB AS 2 0T B 2t hl BSOS B 5 R 1
ME

(2) HIENRAE: A i R 7 Z ik E R 45 RAE N E R 34T —{E 1k
100, f K2R 5 2L A R B-5) i BA K S R ae s AR 7 il 5t
s SR G

* =W, (U —U)? + W, (U, —u)’® (3-5)

A o? WAFT SR T IR 2, wy AR B S EEER LR, uy A
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5 R K BE R 2948, wov s SR S i EHR LR, u AR -G KL
IP5ME,  u A GO B T3 . IR A K (B-5)IH A IKEE R T IR
(175 22 1 U R AR, B R AR L PR K 6 55 R A D ol (AL BRE . B 3G
N RE B ShAS SRS, —EARCRE, ERWERA, #ER, Jf HELUE
PR A 4t A 1 5 ST

1 MATLAB X Eid il —EAL SRR 3E4T 7053, EARIRCR X e an
K 3-6 P, MBI T DA H BL R 458 Ba —Em o SRR B, REvs iR
2 B, ERITEER.

()R KR (b) [l 5E BME —EARCR & (T=128) (c) B —AEAL R ]
K 3-6 AT AL I RCR X EE

Fig. 3-6 Comparison of two binarization algorithms

3.2.4 BBRHEEZIEE

PG T 25 22 BB Dl 2 A5 T Hh O A 1 4 R 465 4 o6 32 i MG O TR 5 S M i
Jike ZAEMEG AR 2RI 25 R A AN R, FH A R ]
LIk 8 4 R A e e A Y, S SRR AR AR R .

(1) J&h Cerode)

Jeg i A — Mz S BUREAT R, SREUR T E/ME, AR R N i /ME
WRAE 2 U O . A FIB 2 Z PN ES, B X A e SUA:

AoB={z|(B):nAc A} (3-6)

X, A BITHREBGH—MES, B 24l z 2iTRGEE. XAHNAR
e B X A BRI A & z WS, FRER B B8 T Al RS K &
3-7 Fuw, fE R ot UG AT I plBR A, A 4544 7o 58 A 1E UG 4 (R B 1%
M BMEFZ A REE O B 3-8 o, “EAEEGLSEMmE, A
X IR/, AHARI I X 2 ek, AL/ i ok
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(@) K& (b) ZitIc (c) JEmE BB
Kl 3-7 JE AR A ]
Fig. 3-7 Erode effect diagram

()l —fE LA (b) & e I R
K 3-8 JEThEIA T KK

Fig. 3-8 Corrosion algorithm simulation diagram

(2) Kk (dilate)

LIl — AN SRR AR, RS I 24 R B o5 X380 ) e KA B 45 450
Wb, BIX AT BE Z FHRWANES, BT A K E UA:

A®B={2|(B)zmA¢ @} (3-7)

B X} A MKt 2T A # z FI%ER, &2 BRI TRS A TEzRb—
MERES. WIKEEGEE 3-9 Frax, 0o BEE T K EE, R
BT EEBEAZEMARE Z A, SMEF xR BKEERD LK 3-
10 P, BEAKJE BEMG R B XA, R4 A 6 X ks ik, AT
DLH B B H /N JB R
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(@) K& (b) Zik7c (c) BZAK)E 1 G
Kl 3-9 2K SR ]
Fig. 3-9 Dilate effect diagram

(@) R A (b) BZAKJE HIRCR 1B
K 3-10 MRS H A

Fig. 3-10 Simulation diagram of expansion algorithm

(3) Hiz% (opening operation)

TR F MG KSR, JTHaER0 2K 3-11 Fis, AEH R L
i e J AT D AR AR, RBRIZEI/NE R 4N R,
I HARe IR B R B B 5 TR .

(a) B fEikE (b) FEE G AR E
3-11 HFisHEE

Fig. 3-11 Open operation simulation diagram

23



R E SN R DA e

(4) Miz% (closing operation)

iz Ho e IK e I v i 2 . Plis E T R 3-12 s, AT
PUFE o J8d P s 5RT DAY B AR AL AR I TR 4NN FR AL, R 58 R vh B 2R
Bk, JF Haeu iR BBRINALE 5K,

(a) R A (b) HZ% 5 HIRCR
3-12 MizHA A K

Fig. 3-12 Closed operation simulation diagram

3.3 23 HinkW 1P B ¥t

BEH B P BT, ACERRAR N 3-13 s R T E AR S
ZAE T, AW BB R B iEE&E A FIFO Z2474%, X
LATWUSAT PAAALER s XS PR BEAT A A AR B I AL B A AL B )
PR B EAT Z I8 55, JFIE S RN XHE W= 4 R T —EHE.

LB R I AAREFREB R R G gitiesh BARAL EF S, 53
Huflbﬁlﬁ TN, i E A A B

J:*I'pﬁ N A N I N NESQY
1 » FIFOZZ A7 KA R IEB —|_, ‘

i [ R [ X -
K% 2CLK KA B EE

—  WZAT
ik AL b ] BIER | [ -

K 3-13 iz 3l H pnte iR K

Fig. 3-13 Flow chart of moving target detection
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3.3.1 REWNHEELI
PG R AR R ER R AL B AT 5y RGB888 #%3l, A T I/ Ja 4 G kb HE
g B, MPUE 3 Hbs R I, 75 R SR AR 3 i AL B G347 IR B Ak Ak
., HJe5E A RGB888 | YChCr M % [ 5k, FEEL YChCr H 152 &
Y HAENIKEE(E . RGB ¥4k YCbCr (1A X 1 (3-8) 7 :
Y =0.299R +0.587G +0.114B

Cb=-0.172R-0.339G+0.511B+128 (3-8)
Cr=0.511R-0.428G-0.083B+128

W A) g A B VA AT IR R s B, (ER W] DUE I A R 7 N BLER P 2 1
TRHCR, R~ A M e K 256 R MU S, AR 8 AL, 153
A 3(3-9):

Y =((77*R+150*G +29*B) >>8)
Cb=((-43*R-85*G +128*B) >>8) +128 (3-9)
Cr=((128*R-107*G-21*B) >>8) +128

NE-9iHE LR P g M A, xS o~ kAT 722k, 528040 2 (8-
10).
Y =(77*R+150*G +29*B) >>8
Cb=(-43*R-85*G +128*B +32768) >>8 (3-10)
Cr=(128*R-107*G —21*B +32768) >>8

~NHRE-10)EF G fe i 4R R =20 e e, 3 — DI RIS A I & SRE T,
OB S AT, =S AR AR AR 8 £, AR =
BRI, DN EAEIR 3 40 LRI AE(E 5o KRR B 3-14 Fios.

3-14 IKFEMRCR K
Fig. 3-14 display of graying
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3.3.2 HEIEBKEHE LTI
A Z P EE T DR B MR R K B B, Een BVe L. ki
A iEsE . (B FIRIEE &S TRAFHL, X TR IR 115 5 ok i Se L
AR, HEAREGIEA AT IE FE B, BRR A K B4 1)
T AR R B S S8, AT s AR . B I EVEAE B & 3-
15 7.

P11 | P12 | P13 » Max1 Medl Minl
P21 | P22 | P23 » Max2/Med2 Min2
P31 | P32 | P33 » Max3/Med3| Min3
Min_of Max
Med Med_of Mid
Max_of Min

K 3-15 HE g BEIEHE &
Fig. 3-15 Block diagram of median filtering algorithm

HE T AR 3>3 MG KBRS, KA Shift RAM IP # kA4 ik 3X 3 g & 1%
F. Shift_ RAM 1P ZHECE WK 3-16 Fon, Ak FEeERe(E S, K Eds %
BN 8, WEWRENITHENN . RETENE, M THZ IP ZASE
NHHRALTE N 8 ALEE, N5 B AR 21 640 AN FAAGEHiH . Shift RAM
IP 0] LEE R — AL A 788, ] Shift RAM IP # ] LLEFA Se I 4 16
Big%. 1 RAM (Random Access Memory, FENL/FEUAFfESE)  FIFO f7i%
PRAT B AT LA 3 X3 WR R MRS, (HRBERANERME R, [TH
Shift RAM IP #ZscHl b fai s, Shift. RAM —ik RAEEAE T8, BTl
AL Shift_ RAM 1P % LLZLIK I 7 sOR G A7 BT AT I ERE I B IEAERI )
5 =ATRAE R 3X 3 HIFERE, eIk )7 N 3-17 Frow
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4 Customize IP
RAM-based Shift Register (12.0)

@ Documentation IP Location ' Switch to Defaults

() Show disabled ports Component Name | c_shift_ram_0

Configuration  Initialization  Output
Shift Register Type
®) Fixed Length () Variable Length Lossless

Optimization

When avariable-length lossless RAM-based Shift Register is selected, this parameter specifies
ifthe core is to be optimized for area or speed

Optimization | Resources

Clocking Options

) Clock Enable(CE)

Width 8 [1-256] Depth |640 [1-1088]

Latency Information
Latency : 0
Latency represents delay in addition to the Depth of the RAN-based shift register (SR).
Additional latency is incurred with variable length SRs when Register Last Bit or Speed
optimization is selected

3-16 Shift RAM IP % & &
Fig. 3-16 Shift RAM IP core configuration diagram

c_shift ram 0 yourname (
.D(row3 _data),

.CLK (clk),
.CE(Shift clk en),
.Q(row2 data)

):

c_shift ram 0 yourname (
.D(row2 data),

.CLK(clk),
.CE(Shift clk en),
.Q({rowl data)

);

3-17 Shift RAM IP %42l = K
Fig. 3-17 Shift RAM IP core cascade diagram

R 33 FEFER R RN 3-18 Fos. H MR IEIE S WE A
=GR R, XHZAERIEAT 2RI . SR K LR 5 SR SR B AE,
B RRUKEL RIS X AT =D KEAEHEATHE s 28 KA 5 — K £k
HIHEF B = AN Rl . AT IAME . = AN MEHEAT R I R 2 ol B A )48
S = JORUK SO 55— K AR B = P R AT HE PP B TaME L IFREEE =20

IKER I R 45 AP O AR B AE . TP EBE B 45 R IE W& 3-19 For .
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rﬁﬁﬁﬁ~ﬁé§% » P13 » P12 » P11
rﬁﬁ~ﬁé§7ﬁ? » P23 » P22 » P21
AT — AT » P33 —>» P32 —» P31

K] 3-18 3>8 B R I s B

Fig. 3-18 A schematic of the generation of pixel arrays

3-19 TR EIES M2 R E
Fig. 3-19 Median filtering result graph

3.3.3 EAERIEH

ZHE XK IP AW AXI Sream M#EH, P AXI Stream EH£11. Hf
AXI Stream Slave0 4 [ ({54 /& OV5640 $H15 S KA MR EE: AXI Stream
Slavel (W 4¥#4E 2 VDMAL 238 1 f H A0S 20 (247 1) b — it 3
#5) 5 AXI Stream Master0 St £ VMDAO I AHE, T4t 2] HDMI
fR%E; AXI Stream Masterl 2% H! £ VDMAL 5@ & KRR, T 24—
Bl ki = s .

it 22 12 B S R 3R AR bR BB B IR AR . AL T IR Ak
HE RN . AHA . TR EIEP R T WA F2D, RME R H IR 5%
R 2], X6 B P MG 2 30 Gz A2 R — M AR, AL T —A
FIFO. FIFO /&R 5 bk ME 74, SN FIFO % & i
t, K VDMAL s R 5N, IR T —WGELE(E 5 2R A FIFO iz

28



9 3 & KSR BLK P it

HeRmi 225 £ FIFO BPK FIFO WE AR FIFO, FHInRPR 2
(almost_empty) FIRIH¥ 5 (almost_full) BAMES, 437 THE78 FIFO RI¥
A EN. w5 Verilog RIS ERAE FIFO sk R 5 B 15 S LA (1)
Gefr. NTIRIES N FIFO 55— v — Wil i 5 — A RUg & s
FIFO 5 i fefs 5 (fifo_wr_en) H A 24 sl axis_tvalid. sl_axis_tready .
s1_axis_tuser =AM 5 [FII g SIS A D E e, Hodb s1axis_tvalid ok H
VDMAL K #¥5iZ I ZI A %%, sl _axis_tready 7/~ MK % C 4 % %K,
s1_axis_tuser £~k H VDMAL [F—Miif) 28— M a2k . 5 1fF FIFO HH&ff—
EREBARE, SR 2 EE A S AR Wik 4615 5 (start of frame) , A
I FIFO #fdifig, B H 24 s0_axis_tvalid. sO_axis_tready. sO_axis_tuser .
fifo_full [FIR s B~ A 4T A geE =, H s0_axis_tvalid FRRFHE LA
PRI 4R A 2%, sO_axis_tready Rom WK & LA HER 58, sO_axis_tuser R4
B N AR RS 415 S, fifo_full 7R FIFO . HT FIFO IiLE &
H 7 EHFE— IR A, BT UK R B A8 Sk B ARSI 5 AR A A P A I ]
DA Hds o X FE,  n SRA I 24545 Sk dm N A A0 28040 B iR a5 5, AR
FIFO HHAFM E— Wi s — DN ER S, 2 5k B 3G Sk AR & ok — 4
s, B FIFO B — MR M= 012 5. 0 i 2218 B0 45 SR LA B
#£ Verilog HANfE ELHAE FH A8 0HA AT TR SR ECAE A, SR I =2 S5 A I i 7
i, RPN KN, P8 PR AN EIOR Dok ARG, AT 38 G A = A 17 2
P LA OB ) 1) R

3.3.4 “fEMEIER S

FHWE AAMBIE, HRE DM SN iz g R AEHE S 3
EIEHE, UK TBENYIEP N E ZAG R Vs it 1, 75005y 1% e
BRENE RN 0. NTH AELEMERER R, 1X B2 bR £ 407 B8
Be—A 24 RLEERE SR . N TR A E R, X BT AR,
Sk A E v 10, 25, 50, 75, AEALRISRIGSE Rl 3-20 AR, SEEG 4G
SRR Y R L R B AR RN, R HOR IIE s B AR EEEIR s, (HALS R I
P o SERHME R DUE SO pE g, (R S IEs) Bk BB AT, 454
&, 4RI T IR EE 25 1E NI LLEGE &
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(a) T=10 (b) T=25

(c) T=50 (d) T=75
K 3-20 AN[A]BIME T —EAL I ROR K
Fig. 3-20 Renderings of binarization at different thresholds

3.3.5 FEAFIBE B IELI

(1) JE A S

JE3 i B S B A B ) 2 R 52 Y Shift RAM P SRA: i 3x 3 SRR . Xi4%
B LMEMT S HE G- 1) R, RAMEES 1 B, fr B %
AR L, B 0. A Verilog SEIZ S, 1658 — AN Bh & K 3x 346
e — 4T =AMERT 58 E A 8 = AP ME R (3-12) TR 725 /N b
JE AR X =AM AT 53 E R (B-13) i, IBs B AR IR A 45 45U o0
Mo BEANIERETEFER B W, X RDEAE S T B i A

P.=R, &R, &F; &P, &P, &F,; &R, &R, &P, (3-11)
P1:Pll&P12&Pls
Pz = le&Pzz &Pza (3'12)
P3=F)31&F’32&P33
P.=R&R &R (3-13)

{(3-11). (3-12). B-13)H PR ARE LR, B, - Py Rm 3x3HFEF LB
MEME, P P PaialigEaE R FEsCR i 3-21 Fir.
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K 3-21 AR K

Fig. 3-21 Corrosion effect drawing

(2) WARSVA R SEEL

TR AR5 6 S I R A 1 FH 2 1 58 ) Shift_RAM 1P SRAE A 353 HIREFE . X
Qg R 1 LAME T B2 N G-14) o, WMEZRDHE A 1, % ot
N1, KA 9MERN O MiZss At 0o 7R — NI o B W1K: 3x 3 J B 4 —
T =ME AT B FAR B =P EME N (B-15) s AE 58 /NI B SR I
=P e E AT BOE S s (3-16) s, IR iR AR I 45 B Pl . BN
FEVHFEPIA IS Bl T, 3 [R5 5 T P An AL B

R =Rl R | R Py | P | P | Py | P | Py (3-14)
Py =Py [P, [ R
R =Py [Py | Py (3-15)
P =Pl Py | P
R=RIRIR (3-16)

R(3-14). (3-15). (3-16) P, L E, P, - Py 40 I M FE UL ME 2 A 1
i, Pv P PRI E. WKAENE 3-22 FiF.

3-22 JEIKABCR K
Fig. 3-22 Expansion rendering
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3.3.6 BB EHIFHALERFR

IR WU 4615 5 AT 45 G S 3T M ECR 31512 3 B AR 18 R bR . BAk
iy X T x_cnty y_cnt B reg BURARE AT x, y T HEATH L. 4
RGN, KR TEYIGHA 0. BEIA G5 2R, HWITERES
R, MRBREUH—ATEIRA R, K x_ent BEATIEERERE, IR y_cnt
—. B, G RWERGAE T Bk, U BRI — Wi s B0k, K x_ent
y_cnt EATIE FHE . I XA AR IR B T2 5 AR R AR

43R BUE 3 H br e KA TEAE ) 5 iR AE T AL RIE 3 s B &= sl OBS
FIEWE RN LB R A NIRRT I A A &b & NBREA,
Fd R iX e SR R AR . B MIE N E L HA reg AT (up_reg.
down_reg. left_reg. right_reg. flag_reg) , FHaTPUA4> 5 H T 27 W% 5 ia
B BN AR, flag_reg H THRCETEMERA SR . 36T & 2R E
Mg, FHRESERM LR AGBR. UhiRiGES 2R, Pt Bk
BT AEIRANE SRS FIEBE SR FE GG RN, HHIZABRR
WENIEH) BAR, Rz KB AAAE 73 l 5 b T 2o w47 28 4F ELBOF BT A R Ar
BAAEPIEE, RIKBUEsh BRI EE R . S— iR R, AL
A R BUE S s 3 H AR L FHE B

FBIRTTEARAE B B . Mgk R AN sh iy, EiRTTEE R U R
IERBUX AN A R EUE B, (HE S s B2 AN 183 HARES, X072
2B BVRANE AN ssh Bbr, B Bk 77 R T $is 3 H bets i,
NEHT 2881 Hbr. NER EIRTERREH RGN 228 B AR B 8, &
SCAEFH — Fh I TAR I 7ok R BGE ) B AR BAG B, B Az 30 B A ]
PR, MR KT — B0 AE 1 —i23) A, 3REUZ 3 B Frfr 5 B iR R
i 3-23 s

Fhkw B — MR/ EERZSE, @ zSEckAE RSN — N2k, [F
FE 7 ZLl I W LR (S 5 AT 45 USSR T 2 5 PR R AR, 1X AN FACR
B, MRS ERN R AEADLSN s NaFEAKR T BG A, Wk -
A AT SR DY A ST R /N AR, 15 PR N AR Y BB IA A, RN
a8 BAR AR, f I FAnIe /= WA AT . 4, BRI Nigsh BFRK)
BE& A, HIWNZE R SRS T HARZS) B b UETE B A, A AN E A %
GRS BEs) Bhs, BMHE ZBRAAZHIE Bir. 300, KR
T Riash BAssE T . i FAZIR R SIAE HAZE 3 B AR UG BN, %
RAB R AT AE LS B s sh HArfr B fE s A ERE—183) H bt 8870 [l 2
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N, W ZoTR A SHE R, BPRZ B R s BER Ahr 5 iziash B AR 55 S
TEELES, o5 x AAbR/NT 235, WIS EL x ARFRY OV AETA 5, HAbd F LR
#E, AEER. £ WldESIa s, A SN Es BRI AL B S

iR

PN L)
BERA

NIBE H ARG R

i

=]
E

A R o] o L
s gy SR pynp

H
S
L 4

y 7\5
| R AR R
A i iaah FasiE —
B

K 3-23 FRHLZZN Hbrhr B A5 B K

Fig. 3-23 Obtain the flow chart of moving target position information

3.3.7 BINFETLAE

RGN TEAR R 5, THESG S AN B 15 = 445, R
RIEWEL IS TFTERGE S xo y HHETIHE. BT 4 reg B
boarder_flag, H T eG4 R AL T B8 BARMIIEICAE . M RERE NG H
S, FIT R B RS SR AU B Ak bR g A TRETEAER B R AR B, 2N
¥ boarder_flag 75, 75 M4% boarder flag B % . %, A4 boarder flag fKIME K
R EPE, 2 boarder_flag Sy 1 B, Hrt A% N 24'hff_00_00 (Z(0) ,
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75 A6 H 12 5 JE R B o AT SRS is B UG IR AR T A, IR0 46 TEAE 5 TR I
BEIMPBER.

RN AR I T IS A H bR, 4RI ANE S B AR 7 B LR
HEBUE. SO ERIMAETAERRAZE B 3-24 Froxs. oSOk s s AE 1) 5
B EARINAG 5 W IGS 5 AT 45 A5 ST L, R BAALER.
R FEbRic B AT, BB HIBCY AT R R SR B AL TIAHE By 5 A
WA 2 5 A T A2 3 B ARG I N, 452 W0 AE A S5 55, M P s
WAES AR . WA Z G AAARLTIUAE F BN T H Atz 2h B #5137 P
A%t 24'hff_00_00 (£0€) , 504 H A IR BGEEE . %0717 DLA 202
HEUHE, &EHTHZAN B HRRINGEEAE. IR R R wE 3-24
FITR o

ZRAB R ER
¥ AR R R
tfE R

ETHIEE &N
JUHE B

FOONE, %R o BAT
EV- SR fllﬁ@gﬁé}m 7 — Mg
it & 55

& 2

WIBIAAE, ZB A
WoR AR R RS @
)

K 3-24 IR AR

Fig. 3-24 Flowchart for adding a rectangular box
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3.4 KENG

AT T =Rz sh Bl 5k, UORRER . Skt RE.
SEI PN TRAR, X =R g (Fia gl B bs Il A HET 1 HE, SR 1 vilal 22
INEENAR RGN 75, o — S R A B EOR AT T4 i, ik
B EERBTFEBEAR, NRGREZE [ EIREA . FER 123 B ARkl
B IP BB, IR BUEMR A BR SR R A PRRCR BEAT 1 R . Wit 1K
FERARREEL, KR O GRENOVREEE, B TR -GN IeHE, Wil
T HRGE A EIEBARE TR, KA B R E M SRR B 1 Z 0 A EAR B B AL
fage, SEPL T Wila 22k, B S iy ki 7 AR EARE B TR
PP, X “AHACR A RAEAT B E, RIS, Jife 13RIz 3h
H AL EANASINFE AR 505, SEBL 1 X 241830 H AR EIARIC .
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%4 RGEgt

BATE RGBS EBT

4.1 RERBIEGER

RGLHESE Zyng-7020 & F7, KA BB ) e v AT ERAL BT 5 i, R &
G FER— AR HRA Zyng T & BB RIS A AT g AR
Wi (PL) « HRERERFFTIITHAE RS (PS) , KiXEAES G E )
N 2P AR I AR AT AL BE R G870 0l e B RGEEMALEI N 4-1 P . ARG BB
KBRS, SR EALE . B it EHR SR DU MR e, Hrp 5
TR AL AR B A7 fid R B A B A2 L

PR R AR —— FEAC B (e BRI — BHR R R

K 4-1 RGEARLEH

Fig. 4-1 Overall system structure

R LH)E, MERG5EM OV5640 MELE 5, OV5640 F5 kW RERI T
MAREAR AL 2] OV5640 G R, R EL MBI FIEA B YT A2 %L
AR N () R AL 2R S 1 R 247 3 R i Ar i de s BR AR PR LSS
FIS AN B ARSI R POR AR 45 SR S BRE HDMI B7R48 1o R H
NG FEIBRAAIE RGN 7, AT AR e 3 B MG R AR . B b
B, BB RRE A RGN e ARG IBLE . RG2S IS ] DL
F AP RSN . RS BAR D RE 40 T -

(1) PG REMR Y B G R AL E . S FAREIHT L. RGB565
FI| RGBB888 4% 4 ML A G R E-AT 55 5

(2) BEACFRAEL E BRI H ARSI P A%, SEEL T M) 2 A iR R A DR H
F RGBT AR

(3) HlE s VDMA IP >K5ep DDR3 {7 fiftde B 5 . il
VDMAL & 88 ¥ 5 N\ B EIME 22475 DDR3 174 #% “#ibk 17, @it VDAMI i
iE N DDR3 “Hhidik 17 Sz H KA 2 F kA3 e, @it VDMAO 5iEiE
B abEEZE 5 N DDR3 “Hitik 07 , i VDMAO B2i#iE )\ DDR3 f7fifay “Hutik
07 BLHCH R AL Han ) R B B
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(4) BRI B Rz 3h B AR A I 45 SR K5 DDR3 £7-fif & 3 U H K

It B~ HDMI Eones F,

REWTHHEZE I 4-2 P o

VDMAO CHf. AXIARIT HDMI
b RER N el W AT A B E S HDM &4 TE
FEHD S r
=
A5 5 9 VDMAL (L e
AL fﬁﬁaa%ﬁ%%j BB F R« o
AXIAATR F3ivg) B E
—| A T
OVEGd0sK OVSGA0R{R AXIEETL AXI- T
%k Kb
PL
A A
—— 4 fufmii PY
HPE: L (& GPE: (mid s DDR
> OV56400iC & . o —> -
) SR s ww Ttk

4-2 R UTHHER]
Fig. 4-2 System design block diagram

4.2 FRERKIBC

4.2.1 BBREHEDR
] 4% R A A5 e - AL HE K% K 4E IP %A1 Video In to AXI4-Stream 1P #%, 1

Kl 4-3 Frr

v_vid_in_axid4s_0

ov5640_capture_data_0
JIl+ vid_io_in
vid_io_in_clk

—a rst_n cmos_rgb +|||— Py :,,.-_fec out +
g =L cam_rst n D= vid_io_in_reset vliming_out + "
fid
= Cam_vsync cam_pwdn = aclk
N k overflow
= — aclken
cam_href cmos_frame_clk ‘ undarlion
——== cam_data[7:0] cmos_frame_ce — aresetn
axis_enable

ov5640_capture_data_v1_0 T Video In to AX|4-Stream

(a) FMGREE IP % (b) Video in to AX14-Stream IP 1%

Kl 4-3 BRI IP #%

Fig. 4-3 IP core of image acquisition module

4-4 5 OV5640 $1% 3 RGB565 #x Ui ¢ F A% Sk H % i B - ], HREF
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G5 E S EAE, fE PLCK MRS B, OV5640 <% —~ 8bit 1B %L
. OV5640 fHiEkAsHIH RGB565 Mtk —MEFE N 16bit, F LI kKA
F2 TR TR A I b ) B oh R A A R — AN B . T S R A TR 2
RGB888 %1\, i fE RGB565 ##i /570 ml4h 3. 2. 3 4~ 0 K7EH RGB565 |
RGB88 g\ ieHt., WM RANE TR KRG, A EMNEER, BIFiJL
MR A AR e, I EMECRAE IP A% FR XM AT TR, oS fF 10 Wi, 2544
WA E J5 A T e s R 4 TAE

4-4 OV5640 RGB565 5 i /K]
Fig. 4-4 OV5640 RGB565 mode sequence diagram

Video in to AXI4-Stream IP B3 545 Skt B147 3% [F20 A5 5 12 ) FAL TSR
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Fig. 4-5 Algorithm processing module
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AXI Video Direct Memory Access

K 4-6 VDMA IP 1%
Fig. 4-6 VDMA IP core
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4.2.4 BB
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(c) AXI-Stream to Video Out IP #% (d) DVI Transmitter 1P

K 4-7 SoRBEERPTE] IP %
Fig. 4-7 Display module used IP core
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| 4-8 DVI Transmitter 15 HE &

Fig. 4-8 Block diagram of DVI Transmitter module
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431 X5 IP ZSHILE

(1)ZYNQ? Processing System IP {7t &

ZYNQ7 Processing System 1P #%/& PS ¥ fE PL i B4R 0 IP #%. (4%
IP R EEAE IP %5 PS FRFFEERAE —E . XN ZYNQ7 &bHE R4t 1P, ik
NEE RGN E S, i 4-9 For.
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ZYNQT Processing System (5.5) ‘
@ Documen tation ¥ Presets IP Location £F Import XPS Settings
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2ynq Block Design -
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Clock Configuration 4
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4-9 ZYNQ7 Processing System IP #% [t & 7 1
Fig. 4-9 Configuration page of the ZYNQ7 Processing System IP core
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P 4-10 fic & 52 ¥ ZYNQT Processing System IP 1%
Fig. 4-10 ZYNQT7 Processing System IP core is configured

(2) VDMA IP ¥ T &
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N 24, ATRMIREE N 2048, FHALRELEIEMSEIE. VDMA (15 R ELE It
A 4-11 FioR
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4-11 VDMA IP #% i 2% i B S 1T
Fig. 4-11 VDMA IP core advanced configuration interface
£ VDMA [ RACE S VDMA W EBEASIESFRDSHMER, Hh5im
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Fig. 4-12 PL side system construction diagram
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S8 5 4 F Validate Design ZhREHEATI0AIE 2 5 A E LA R, WIFS R 4-
13 Firns

¢ Validate Design X

o Validation successful. There are no errors or critical warnings in this design.

& 4-13 Validate Design 6 1iF 25 5
Fig. 4-13 Validate Design Verifies the result
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Fig. 4-14 Generate and export bitstream file flow charts
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%G . BT OV5640 IREN R FEE FHEEHAT —IR, X —BiH i A R50K 5%
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SCCB NNRZ AW A N2 5 5 SCCB ANREFATIELL RS, MH#AFE—IREBLAIK
HiF IEE 5.

| I I | I
Starti 1 I | 1IStop

—| S | ID Address (W) I X | Sub—address(H)| X | Sub-address ([)| X Writa Data X| S
}1— Phasel —>!<— Phase2 —PJ,C— Phase3—>!<— Phase4—>!
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Fig. 4-15 OV5640 SCCB write transmission protocol
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HEHEESFAREELBRZER, Ax@Ed run_vdma_frame_buffer £ &
VDMA, ZEERIET Xilink B 724 VDMA 547 . run_vdma_frame_buffer &
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KRG %R B 4> 55 VDMAO fI VDMAL #ATECE, 7 ER 4
VDMA 7B AR B M AR thi, @t e2RTELS
run_vdma_frame_buffer i %t. VDMA [BC B KN 4-17 s .

int run_vdma_frame_buffer(XAxiVdma* InstancePtr, int Deviceld, int hsize,
int vsize, int buf_base_addr, int number_frame_count,
int enable_frm_cnt_intr,vdma_run_mode mode)

K4 4-16 run_vdma_frame_buffer p% %1

Fig. 4-16 Run vdma frame buffer function

/ /B EVDMA
run_vdma_frame_buffer(&vdma®, VDMA_ID®, vd_mode.width, vd_mode.height,
frame_buffer_addre,e,e,B0TH);

K 4-17 VDMA 1t &
Fig. 4-17 VDMA configuration
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5.1 ARG

SEREET Zyng Kizssh Hirtalll R4t 05, AIA RS TERe, #d& 7K 5-
1 FRsSEReIA ST, BF 1N EoREs, 2 8 SDK AR AT, 3 4 USB UART
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5-1 ARG iEREK

Fig. 5-1 System hardware connection diagram

5.2 WRER 52

W UART EERIN R M, WEGFERR, flgirE, SO
“OV5640 detected successful! ” ¢, BEBERMGSLIER TE. Hipsh Bz
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(c) ARGZ HAix 2 (d) IHT7EZ His
Kl 5-2 WAL

Fig. 5-2 test result
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B, REMAIIERN 2037W, Hpzh&Th#E N 1.855W, & IHFEN N
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Total On-Chip Power: 2037TW Dynamic: 1.885W  (93%)
i : Not Specified e s
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B BRAM:  0005W (<1%
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Power supplied to off-chip devices: 0W W rs AW w1
Confidence level: Low i Device Static: ~ 0.152W (7%

(8) EADIFE SR A S (b) #H> DRSS B
Kl 5-3 RGuTIHE

Fig. 5-3 The power consumption of the system
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Fig. 5-4 resource utilization
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Tab. 5-1 Resource utilization statistics

BE C i H B S ARy BEUEH FH %1%
LUT (E#F 12476 53200 23.45
LUTRAM (44 RAM) 1158 17400 6.66
FF (il 2% 17742 106400 16.67
BRAM (Bt RAM) 13 140 9.29
110 i Nt 24 125 19.20
BUFG (& /&%) 2 32 6.25
MMCM R & B FE 2D 1 4 25.00

5.3.3 SEBF AT
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KGR B FAT B H RIS, BRI T B IFATI CRANI B
JIIAZ kB A TR #EAT) o B R IFATI, B K R RIN 217, nlgmisEi2
B AR — O LR LE MHz, BAREEISE] PC HLIJL GHz e
%, AHRTRIEZEAEIAT BGAER, 2 RmK &R 2 A FE
1T. PC HUIERAT BHUR AL 2 B ATIE 1), DAMUASRA AT A0, RAA 55—
BB A REEAT T — Bia . AT i LU = AT A0 FE,  Eean K
FEA G B Zmh Bt N A (BRI R ER A, T AN A0 55 80 B8 ot ST 8 2K P A 5 Pk
AT B IR -

A RGIRG R REREG N 640%480, —MiEEHE 307200 NMER,
FEREIED: . JEbh. Bk IZ S A Bl 3%3 IR R BEA T B % H A7 2 178U, 7
BLHAE 640%2*3=3840 AN B, o AMHERE T E R EI N ML R, T 2
ANTE o o iUEHE 10 255 — MG N B KZR B — i i s — ME R B TR
KR L) E 311040 M &, 76 100MHz I BhEE T, Kb B — i 45 75 5
311040/100M~=3.10ms, Ak 3 i} [A]ze (I T~ — il G A% 4 75 2211 16.67ms, BLEAA
RG] LASEI AbFE 73 HE 2R 640%480, MIZEN 60fps BIRRAR, 5 2 SLIEHE 1)K
5.3.4 RGMEREXTHL

B A ST R 45 B AN T FPGA 8L Zyng K383 H Asta T 7t &
G REVEXRTLL 38T, RGiVEREXT LS RN 5-2 s, WRFOTLUEH, HA
SCHR[41)F0 SCRR[42] 5530 T 2 B bR Bk, o rr SCHR 41048 7 40 X380 O A
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iR 2L T AR ARk vl ASEEL 2 H Rl JF e R RO B4, AbHE
LR, —ERE ERHAERGEANH .
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Tab. 5-2 System performance comparison results table

B AZH - J& 75 B SN

SCHR Fhy - gRE R AEEIG \
asAll il

SCiR[41] 2015 P PN 640*480@30fps &
SCHR[45] 2019 7 “fEtkE% 752*480@60fps &
CHR[42] 2020 2 AN 640*480@30fps &
CiHR[47] 2020 o IR PEH 640*480@60fps &
CHR[44] 2021 5 A 640*480@30fps &
HR[72] 2021 7 T 640*480@30fps &
AL 2022 & AN 640*480@60fps P

5.4 BEFFE L

i JTAG £ 10K FPGA BC B /RN R 7 FEE] Zyng 284474, X Abfig
ERRR TR PC WIGHE T T B &tk Bk —M A ERIKH . 7
WIS SE, BRETAMEIES KA asT, R EEERERENE, BFE
BEEAT, MMSEIBALIZAT . B ELF SCHFFIECE FPGA (1 LUy SCAF T LLAEfik
3| PS B0 ANIE S S EAE GRS, Eein SD RSN INAE (QSPI Flash) . BifE
Wk 24 B4 fifE T SD -5 QSPI Flash 5] .

JA SRR HIE R /E SDK SR, B ERY S R (Board Support
Package) , “Aik “xilffs” , LMER FAT RS, #g— DL, IFEFETHE
AR RS R, FEREARCh IR R “Zyng FSBL” , #4474 1% 42 & FSBL.elf (1.

BTN RMA FSBL.elf SCfF. BIT 3CfF. ELF XfFGI G 8h5i1%, H BIT
S ARAE Vivado HE A AR 5 Fal AR R, ELF U2 7E SDK Hédm 5 At
e o B B shgm A i . 4% “Create Boot Image” , 73 Hi ) X & AE
o IR R SO B AR, FR RN AR A N FSBL.elf. BIT 3. ELF 3CH,
wnpd 5-5 Fras o
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B create Boot Image x
Create Boot Image

Creates Zyng Boot Image in .bin format from given FSBL elf and partition files in specified output folder. @
Architecture: | Zyng v

@ Create new BIF file O Import from existing BIF file

Basic | Securlty

Output BIF file path: ‘D:\ARMiTEST\irameﬁd\Heren:e\frameﬁdiﬂerence‘sdk\FSEL\buot\mage\uutputb\i | DETEe
UDF data: ‘ | Browse...
O split Output format: |BIN  ~

Output path: ‘D:\ARM_TEST\irame_d\Heren:e\frame_diﬂerence‘sdk\FSEL\boot\mage\EOOT‘bin | Browse..

Boot image partitions

File path Encrypted Authenticat...

(bootloader) DAARM _TEST\frame_difference\frame diffe.. none none

DAARM_TEST\frame._difference\frame._difference.sdiide.. none none

DAARM_TEST\frame_difference\frame _difference.sdkifra... none none Add
Delet
Edit
Up
Down

@ Preview BIF Changes | Create Image Cancel

Kl 5-5 fil& Boot Image
Fig. 5-5 Create Boot Image

miir Create Image R AT £E 2 1 ¥ & 14 th #6542 -1 & 21 output.bif A1 BOOT.bin
A, & 5-6 fios, Hidt output.bif & Boot Image (IRC B 44, BOOT.bin /&2
B

IEREE » EFAODE (D) » ARM_TEST » frame difference » frame_differencesdk » FSBL » bootimage

B =it B HEs =R For
[ BOOT.bin 2022/3/5 11:15 BIN 3zf& 4133 KB
[ outputbif 2022/3/5 11:15 BIF 3zit 1KB

B 5-6 At B AR ST
Fig. 5-6 Generated startup file
£ SDK i #¢ “Program Flash” , % #4183 1% X4 BOOT.bin FI
FSBL.elf X, it “Program” , JF4a%S Flash #EA79mfE, WRETF BN
A SRHIIT AR IR, JR3h 7 BN QSPI B3, &, R4 LHEE
FERIE 31T, 54, WAL N E RET a3, ¥ BOOT.bin # U1%| SD
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FRESXT, 5 SD REUHEAT KKK Micro SD RI-RAE+, JHzhJriE
#4 SD Card, &fllil, &G LI HENE1T.
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