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Research of Machine Vision Based on SOC
Abstract

Embedding eye and brain in machine is a dream for human beings. Machine vision,
as the extension of human vision and brain, is a measure of the degree of automation of
modern industry. With the rapid development of semiconductor technology, emerging
technology will gradually make the dreams come true. Products with visual function
have been applied in various domains, and it will promote and facilitate the intelligent
development of automation. In this thesis, the implement of embedded machine vision
will be researched.

The SOC technology, including IP reuse and S/H co-design ,is firstly introduced,
and especially, Soft core regarding SOPC technology will be concretely analyzed in this
paper, such as NioslI and MicroBlaze.

And then, I mainly concentrate on the introduction of CCD and CMOS image
sensor, the comparison of their differences, the performance analysis of MT9V032
image sensor with global shutter. MT9V(032 with a view to dynamic quality, which is
more powerful than common image sensor, will be firstly used in this design.

In the following paper, the mechanism of hardware will be described, including the
function of all schematic module, the selection standards of controller, SRAM and
power chips and their typical configurations, especially the prevention of EMI
considering signal integrity and power integrity.

Finally, the scheme of software will be introduced. I proved the feasibility of
approach trough Matlab. The image processing IP core is designed to be compatible
with the protocol of Avalon bus. It achieves the function of target identification when
using ModelSim to simulate. The NioslII system with °C, PIO, UART and image
processing IP are customized to connect. According to parallel port transfer agreement,
the FPGA and PC achieve the communication. The software is compiled under the
Visual Studio 2005, and the image results with high quality are given.
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Avalon Switch Fabric
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Figure2-2 NIOS-II Structure
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BEIMSEE. AR, B3O FES M, A ERETEN PFC B nkhl.
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Figure3-5 Characteristics Comparison of Global/snapshot Shutter
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Figure4-1 System Function Diagram
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A 4-1 iR, RELL EP1C6T144C8 KiEhlgE L, LI CMOS B 53R E
FPGA. FPGA 5 PC #l. FPGA 5 s pLEEH# 2 BIEE M. ShEerScRE BT
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1. ERIRES:
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Figure4-2 Tllustration of \Data Flow
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Figure4-3 Power Part Diagram
F 4-1 TR
Table4-1 Working Current

Bt THHeE R T AR BX TR

EP1C6 3. 3v 175mA 200mA

MT9V032 3. 3v 97mA 100mA

SRAM 3. 3V 95mA 100mA
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4-4 LT1086 SL BN A
Figure4-4 Typical Configuration of LT1086

4.2.2 BIRERFRR

AAEHF A Mircon 2 7 Hi—fS 2T DigitalClarity™MCMOS B HE AL RR
i1 (Global Shutter) FARKI% AL MIT5H MTOV032. HABNAWE 4-5 B
7, MTOV032 7 B RIRILGE 27M B4PHMIA, FPGA i PC BZx BG4 %88
TR RBTRE, BEEHEET Dout[9:01%35R 0, ENFERIPES Pixck.
Line valid. Frame valid f#135#|F, {5i%% FPGA.

o o e o o . . - - . S s s T S TS -
H Voo VAA  VAAPIX H
] T ]
; Neno —1 I T :
! g g VODLVDS Voo Vaa  VAAPIX '
1 ]
1] 1]
; Master Clock SYSCLK Dout(9:0) |— ;
H OF UNEVAUD {remm |y oot otor !
H RESET# FRAME_VALID |t :
! STANDBY from EXPOSURE PIXCLK oo '
' Controller or STANDBY !
: Digital GND 5. CTRL_ADRO LED_OUT [~ ToLED output ;
i L.l S_CTRL_ADR1 ;
! Two-Wire { SCLK '
' Sarial interface SDATA :
: :
1 [ ]
] ]
1] )
1] L]
1] (]
’ rvo :
! ] Donp LVDSGND  Aavo '
H '
] (]
1] (]
L] ]
1] )
1]

B 4-5 MT9V032 SL%! R A
Figure4-5 Typical Configuration of MT9V032
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4.2. 3 FFfikE AR

FHEBERY BT —H 512KByte SRAM I FEIB 7765, BERMSHER
752*480, XFRLAEREZE ALK/ 360960 17, i 512KByte MARCLRHKE RS
B3R, XEXH ISSI AFK 512K*8Bit £ IS61LV5128ALPBISRAM, B R —K
B CMOS #5 RAM, BBV FI FIRGS 10ns. 724 4EHIME 46 B, Mo
HERA 19, BIESER 8 6L, HWRMARN S12K.

¥o
COLUMN 1O
roorer <o e K
A
o= — CONTROL
OE —] Tcircurt
WE —
[ o o o i o e o o e - > T A = = = = ot e - . " . . . . e - = e e o o §
&l 4-6 SRAM 518
Figure4-6 Architecture of SRAM

4.2. 4 BHIIREHIELR
THKHENE B> CHRRMESR, REEXA - N ERERTH
L6235 #HIERIH . BLRTE T % R F R
& ERERBMAN, WEREZHE
& HEMEEEK (off) ifE PWM BT H
& AR/MET 8%
& T{E%ES| 100KHZ
& EFFRE I BRAS



5§48 REFEFHH

& TXRERY

& HHKHURY

¢ CMOS/TTL SN IF/ R H)

& ABERERE _RE

& KEERP

RN A E 4-7 Fis. 24, FPGA #4 L6235 ) ENABLE. FWD/REV.
BRAKE =Mz 5%, Mm@, E%, R¥. AT BHEH8S
% FPGA {5 S HIF4R, % FPGA #ZHIRMIKSIR 2 I it .

4-7L6235 SR A
Figure4-7 Typical Configuration of L6235

4.2.5 BOETER

FPGA R EM RR B TERIEY N 3.3V, MEBXAIIVHEERAN SO
BIRSH. XERH MAXIM AT KGEH S OS5 MAX3232. B 4-8 AN
A.
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1) “
: Yo ’
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: = :
' N Yoo '
E —c N - E
: T mmam T :
: = MAG222 . = ‘
i MAG232 d maw ;
i e MAX3237 o :
] e MGzt L :
' i EE™ ror] = E
] ]
E ___jrRow RN E
' _ 1 H

N’ — ]
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E - T :

& 4-8 MAX3232 W H

Figure4-8 Typical Configuration of MAX3232

4.2.6 FPGA #Zi I HIIEIR

EP1C6T144C8 5iE X R 55+ B 8 FHER T XL 4-2 fros. A THEINE
BRRARIEE, SRAM. H$OMH, FO@ERED. CMOS Bl f& R a]
TR

* 42 3IHE
Table4-2 Pin Lock
RS ‘ FPGA 3|/}
SRAM 7| fiiE O g X
A0 142
Al 141
A2 140
A3 139
A4 134
AS 125
A6 124




B4 E RGBT

A7 , 123
A8 122
A9 121
Al0 120
All 119
Al2 114
Al3 113
Al4 112
Al5 106
Al6 105
Al7 104
Al8 103
100 132
101 131
102 130
103 129
104 111
105 110
106 109
107 108
nWE 128
nCE 133
nOE 107
MT9V032 5[ A E X
DO 28
D1 31
D2 32
D3 33
D4 11
D5 10
D6
D7
D8 5
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D9 4
LINE_VALID

FRAME_VALID 2
PCLK 16

FOASIMEOEX

EPP_WAIT 100
EPP_AS 99
EPP_RST 98
EPP_DS 97
EPP_nWE 9
EPP_DIR 85
EPP_DO 84
EPP_DI 83
EPP_D2 82
EPP_D3 79
EPP_D4 78
EPP_D5 77
EPP_D6 76
EPP_D7 75

4.3 REEFRERITIMEAK

T EERFRER, BAERATRAMBHFAED. MR FR
WA ERREN, DRXHRTH, MENEEREWHRBHIERLE. RERT
(R E EAIIER S ot . REEBENEERA RSB, TR
55 TR AR BB,

431 ES RSN

BRI 5 58 (Signal Integrity), SRS RA REFHIBEH, B
ISP R, TR S AR, R TR S
B2 FHBHR: IS,
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) KRN

E—NMESHERNEED, WRESHLENREBR, ETAFNESE
SEN, BLAEGESERIRP, FRENMRSRALBEYN. X, F5E
WA LR R BRIREK PR, RFEESIERIAZR.

FEEARNEED, FRAKRTN—AHE, XA BB ERAERL R
FE$T (Characteristic Impedance). W R B MFFEFADIAES, REFEB/AHES
FERFIAS. SBEHEAMELENFERMRE . FHERT PCB i, LAREFEH
KHRTLBHREELE.

2) B

PrigfisEik (Cross Talk) RIBEFMEMKIESELZNE, HP—&ELK L
MEBRRRENRE, ANSER—FER LRSS H—ENRE BT w8 4-9 o,
BRAFEHSELR LHAREERERN A SRE, —BAESH EFHEERTR

Kl 4-9 BHIRE
Figure4-9 Cross Talk Diagram

BB ROER, TEARS, Mdx—aRBEME SR LRKRE
B B, ER—-EEEZRBTE &, EHSESENEEZREAEFT,
DR ESEZBMREG. B BESEXESHFENAEERDS, BHHT
BAERZ KBS, IHESERSELNRSHSE YR L, MARHBHRE
A

3) FIEMERE

24
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BRFHRT, AAEBEBERREESIZN. BRLRIFENL. £RAH
FEBEAMEHE Z RS AN FRAEN TR, ERARKRAE —E0Es, XFH
BEHXRETEMAGH RS, RrHERIENENAREARBEIER
FEMLTIRSREGCHARRHBRAZR (AC) M, FERREFRAEE
BT IR P T B B BIR B R BN, MR E Rt

WA BCR R Z RIFMFEHTE LT AMETTBURA : fERBF I P mz
BIKEERERAD; REXAENME RARRENEZERE.

4.3.2 BFEEY

BFOH TERAE %, M 035um. 0.18um. 0.13um | H A/ 90nm £ F
65nm, 5 H IR B ERAERK R, M 3.3V, 1.8V, 1.5V F) 90nm i) 1.2V, &
F 3B EE RS, RERBRNZENE, RRRFREREEMSE.

HTRETRBREFEEARFENES, HARNFELBEIERASS
FRIFHIREITR, BERASHFEENEEREHAERBER (VRM), &
BRMNBRFTEMA T B8 1 BIEHENLE, PBLILEARAEEAN, RN KBREH
RET —ABAIE KM, DRNEE VRM FIRGERARERR; A5, RERTB
— S n SR M R, Bl BFEBBIIERBENR RS LM
B, WA PCB ZRBAEAY, XAMBERERSERENBEFE. BHESR
REWIFORAE N, HEWARAEREFRAMTFEZ AN FEAE, RS
M EFRENEBAEREREANRES A REER T RERINTEE ML BHEHE
Pi.

EAER LEET LR, SAMBRESHZEMT 0.1uF HERSBE,
FERTHEREMBSHFHNRE, FSEXRNLEE, RERDBHETHE
) S
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54 REBHRG

4. A BHARERS I

4-10 iRk A LR FTRHH PCB R, R EFFEHHAANACETHE.
HepBaEE KR 144 1510 FPGA B h, (BHASIHZEEERNS 0.2mm) ,
FEEBEEHTE, BEAIRE. £—K LR, FPGA BFHIWERTHR. £
fei BRRFFRIA, FPGA TERE, HBRRENHMERE RLF. CMOS BB EBRE
RATHEERT, @REEHROEFHBHEERL, 7EBAEEK AW PE
#1% 16ms, 1THHERERN 32us, BFEEIARN 370s, 5 MTIV032 FIBRINTAE
FRAMAE, WE 411 Fron. Bk, BARTERE ERXBER. REEHME 4-12
Bi7m.

4-10PCB B4l
Figure4-10 PCB Hardware
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B it et itk kel R R

1
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I
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1
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I
U
1
1
1
U
1
|
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U
1
1
1
1
U
U
1
1
{
1
1
1
1
1
1
1
)
1
1
1
1
4
1
1
1
1
U
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U
1
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1
I
U
1
1
1
1
I
I

K 4-11 REANRBE K

e4-11 Testing Wave by Toscillograph

Fi
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®4E RGBT

H 4-12 REREME
Figure4-12 System Hardware
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£ SOC KN BUETIR

£5F RFERMHT

5.1 IR

5.1.1 EFHiR 5EXRIS
BEAHFRR T ERTZY], TENREMESHTHIE, REFEETHE
SR EARSIII T, MEFHATRREMR S . ZRATELIHEEWME 5-1 B,

...............................................................................

7 CMOS R BIASHFRST, LB CMOS BB
BB R

MR R HE T — AR, BRI R PR R
CMOS B &8s R B e 3 K — 3
AT ARG B ARE, SRR AR,

5 RO B EPP 3¢ M2 AL

B 5-1 REESHE
Figure5-1 System Task Diagram

- XA BLI 6L BT

B, £5—5F%5 ZXRFEEEHER, TRABEMRER, XHRIE
7 FPGA KMy . F=, EFIINHERARKRER, BEREERE
£, "LASEET R, BULETBAZE Niosll 8% E3EH. XBF 2 #id Avalon B £%
EMAE, HFETRAEIMES . B 52 irARERIRER, EXE, AR

229.-



%5 E RERAHH

KEERER S H 24T NiosIl f—AMhAb 28, ATLLF R, SOPC MIBAFF R, HEMLL
B ER RN EE AR A BRI, RERANLHE.

SHEEBLAE IS DA R, REERKG LE—THHEIT, FHiiXa
SABRRARITHES, ETRBEAFEAE. MEARKEKE. BHFKRHSE
EMRARIHESAARS. EUTREBEESFANTBREGLBNEE, BEL
B P B, IP Bk Bl B ELEXHLHIA SOPC R4 A . FEREMF /7 TR VHDL
HATRHPY,

B
NiosIl CPU

BB AR E NS 1 - ;

o v o o e e e - - " - - -~ - "~ - - - - -

52 hRES AC
Figure5-2 Function Dispatch Diagram

5.1. 2 BULRI{TIERLE

1) Bayer RGB pattern

B4 4 i 38 SR A — /B8, BB R #P7I38T (Color Filter Array) Bayer RGB R4
B&f=S. mE s-3 iR, EXHEAHNTRT, BREBRRNEMESRR
# RGB =MFiESBRPH—F. LN —TO5IES RS BGBGB... S 1T
Ak 2 GRGRGR...XH@E T & 4B EREREER N BRESG.

30
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P 5-3 RGB bayer pattern
Figure5-3 RGB Bayer Pattern

FHBAERENBRGRLCEEFEEEAREREMGT, HRERHRIK
FRMTAERPIRGILEK. R ERSEREANFRCENHE, L
EEHHRTET (G-B) M (G-R) BERMEHMBESEIHFEP, FdT T Xt
4T, B ERIXRGB H#EEZK R, G. B4 &, HMABMEHAS (G-B) .

(G-R) SAtER, BXEGHITRESE, SREM, HHEK (G—B) BE
HEEER . HAABE T ENEEMET:
If G-B>T then
Optional Objects
Else

Backgroud
End if

Matlab FI73 A &5 R 5-4 frow, KA REBRBENIRFRINE, H TR
CMOS BB R EGHI L7, MREEGRITHMEALE, FER: F—
MRESEHER (G) HEELE (R) 48, BREE (B) 48, FMR
RAZELM (R) 5HEE (B) 48, B2 GLOR. . WHERRBIE—TH
BGBG... B4, FEBE% 1T GRGR... BE%EE. BIREENELA
BayerPattern ZUR W18l B fiz; &1 D 2 B MIBCABCR, BA K RGB =%
B —f, & CRXE B #HTHRENFEHER, wTLUEHIE BRI & EH
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55 ¥ RS

FHASHR (BARXERARE) ; BELE CHBAME: BFZHAS
FErERE . (ELERRIET HELETENTITE. B Matlab 5 1E
FF B

B:ffij il BayerPattern [l

C:H G-B 5if8%| (G-B) 4 i D:43 554 RGB =3 i —Hp

i

: 4 ¥
E:J8CK 5 & B 1) X 5% F:l% G-B>T 43 %I gtk Kl

imagel G-B

54 Bt srHIE
Figure5-4 Illustration of Color Segmentation
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5.2 RTL ##ik

5.2. 1 B{RFELIR RTL H#ik

E—WAT SRR Eid (G-B) BESEFE, MEREXKEAE
RP SRR X—WENEERTESHIR. Altera 24 R #RHtH DSP-Builder JF
RTEA# Matlab 2P EH #4854k % VHDL = Verilog 121, MR EST EEM
WA, ZBEASCHOAY, HTRENERME, 3 FPCGA ZEFRANER. A
THARARE, A& EERA VHDL B35 LR 4817553317 RTL k. 0
B 5-5 Fin, BERELRH P BERISHEGRE, BRELE. Bisei. LER
PP FHR, RAZE LT TR, M0 Avalon BE&HIREH,

.........................................................

Data[l0]

)
]
]
[}
3
]
]
1
1

iPixclk

! )

ELine valid |
- ! 5 .

' 7 B I A

)
Frame_valid!
! _

]

K 5-5 EERE IP BEH
Figure5-5 Architecture of Image Sample IP Core

Xt EREEHITRE Tt E X -
entity cmos_color_processor is
port

(

-33 -
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pelk :in  std_logic;

line_valid :in  std_logic;

frame_valid :in  std_logic;

data in std logic vector (PIXEL WIDTH -1 downto 0) ;
Avalon_clk :in  std_logic;

Avalon _reset n :in  std_logic;

Avalon address  :in std logic vector (1 downto0) ;

Avalon_en :in  std_logic;

Avalon_rd :in  std_logic; '

Avalon data out :outstd_logic vector (15downto0) ;
Avalon_irq out : out std_logic —interrupt flag
)

end cmos_color_processor;

1) BERERR
W 5-6 Bin, ERREEREREN RSN THERERTRS, AT —
HAEEBPURBEIE . HBREOAHR LR 5-1.

| pdata[l0]
)

Pixeldata[10}

Pixclk

Line_valid

Frame_valid

-------------------------------------------------------------------------------

B 5-6 MBRRELHE
Figure5-6 Architecture of Image Sample
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# 51 BEXEEOGTEN
Table5-1 Interface Signal Definition
ws ik Ti 1 BERR
Signal Description Direction | Data type
pixclk B8P (55 8 MTOVO032 /) Pixclk 5IBIREL | A Std_logic
TREPES, BTN EAREIFGS
Line_valid LN Std_logic

M—ITEIRfE S, 3UH 152 TR ERIE.
WiFBAES, 8 LA
Frame_valid | $TH)—WIEERE5, SWILH 752+480 1~ | WA Std_logic
BEHIRE.

M MTOV032 #EZFIMBRERE, 8
Pdata[10] | ITRIBE S SMIRISES AR, GRS | A
Pixclk i1 EFH#Y, BRERIEHX.

Std_logic_vector (9
downto 0)

] Std_logic_vector (9
Pixeldata | EREBMBRRBEBELRL T —MER |
downto 0)

R BRI LA L F .
entity color _sampleis
port
(

pclk, frame valid, line valid: in  std_logic;

pdata  :outstd logic vector (BIT WIDTH_X -1 downto 0) ;

pixel_data: out std_logic_vector (BIT_WIDTH_Y -1 downto 0
) 3

end color_sample;

2) frERMIEIR
W 5-7 iz, ALER ARG R AR RE, tHEEIER. ERE
O Haik W& 5-2.
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Pixclk

e e s e o e e > - = - - e e - -

Position_x

Line_valid

Column counter

Frame_valid

row counter

Position_y

B 57 frERMESHE
Figure5-7 Illustration of Position Detector

52 IERMEORSEN

Table5-2 Interface Signal Definition of Position Detector

-------------------------------------------------------------------------------

5% 3% 0] HERR
Signal Description Direction | Data type
pixclk B EP{5 5 8 MTIVO032 i Pixclk 51 B4R 4L | BN Std_logic
TREES, £ LAAEERF
Line_valid | ZHM—iTHIBMEH, LH 7152 TRE | A Std_logic
.
Frame valid | MR Z 155 WA Std_logic
Position x | RBIEAMHTEZELBIr BN x L45 | Fd Std_logic_vector
Position y | RREEH T EREEEEM y 245 | Fitd Std_logic_vector
R LRI Lk T
entity position_determination is
port
(

pclk, frame valid, line valid: in  std_logic;
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position_x : out std_logic vector (BIT_WIDTH_X -1 downto 0) ;
position_y: out std_logic_vector (BIT_WIDTH_Y -1 downto 0)
)

end position_determination;

3) BRLHEELR
A 5-8 frs, FRABESURETIT T HRES AT E U S FHHE
BRFE X ABER. Y SR 2 M. BEEDFHARBRIE 5-3.

o e e e e e e e e e e S eSS sCresseso s b
‘ :
(] [}
) 1
’ :
E pixeldata E
! pixclk sum_x_out E
! Line valid Sum y out E
E Frame_valid Fit_num o E
1 Position x :
i Position y E
: E
: ;
e e e e e e e e e e e e :
58 BURABLHIE
Figure5-8 Illustration of Data Process
%53 BUEABEEOFSENX
Table5-3 Interface Signal Definition of Data Process
3= d FR | BaRRA
Signal Description Direction | Data type
position_x k BT ERBR S RO E x BURE B Std_logic_vector
Position_y K E1AT EA BRER AT E y iR A Std_logic_vector
pixclk BREN A Std_logic
Line_valid TR ES LIV Std_logic
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Frame valid | WiF#ES ]WA Std_logic

pixeldata 3k B RERR MG BBER WA Std_logic_vector
Sum x out | %2 R-B>HIMET i A x B2 A Wi Std_logic_vector
Sum_y out | W2 R-B>BIE T i s y BEr2ZH o] Std_logic_vector

Fit_num W2 R-B>HEFHGRERZM o Std_logic_vector
RIE LRI XWT:
entity color_process is
port
(
frame valid :;in STD_LOGIC;
line_valid :in STD_LOGIC;
pelk :in  STD_LOGIC;
position_x :@in  STD_LOGIC_VECTOR(BIT WIDTH_X -1 downto 0);
position_y :in STD_LOGIC_VECTOR(BIT WIDTH_Y -1 downto 0);
pixel_data :in std _logic vector (PIXEL WIDTH -1 downto 0) ;
sum_x_out :out std_logic_vector (DIVISION_WIDTH -1 downto 0) ;
sum_y_out :out std_logic_vector (DIVISION_WIDTH -1 downto 0) ;
fit_num zout std_logic vector (DIVISOR_WIDTH -1 downto 0)
)
end color_process;
4) HirEAHR

Wl 5-9 fiR, BirEMERbRECHRRER. HHEAKXA:
Target_x=Sum_x/Fit_num

Target_y=Sum_y/Fit num

BRI O R AL IR 54,
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Sum x R g
{ Sum y 1 i
¢ Fit num : E
T ' |
i Position x it ;
rPosiﬁon y ; g
59 HixENIEH
Figure5-9 Illustration of Target Identification
®54 BFEMBEORSEX
Table5-4 Interface Signal Definition of Target Identification

5% Signal | #4i& Description 75 1) Direction | #(#EX%! Data type

position_x | K A7 BRI E x BB WA Std_logic_vector

Position_y | K (1467 ERBIBERAGALE y KR L TPAN Std_logic_vector

pelk e g WA Std_logic_vector

Sum_x WEGB>HETHAAx BIEZA | BA Std_logic_vector

Sum_y WE GB>RMET AR y B2/ | BA Std_logic_vector

Fit_num W G-B>HEMERERZA HA Std_logic_vector

Target x S5 HARALE M x k5 il Std_logic_vector

Target y S5 H AR y Aoy il Std_logic_vector

flag H b5 IR &AL, RER EH Std_logic

W BRI E LT

entity target position_confirm is
port

(

pelk ;in  std_logic;
position x  :in std logic vector (BIT WIDTH_X-1 downto0) ;
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position y :in std_logic vector (BIT WIDTH Y-1 downto0) ;

sum_x :in  std_logic vector (DIVISION_WIDTH-1downto 0) ;

sum_y :in  std_logic_vector (DIVISION_WIDTH-1 downto 0) ;

fit num :in std_logic_vector (DIVISOR_WIDTH-1 downto 0) ;

target x :out std_logic_vector (BIT_WIDTH X-2  downto0) ;

target y :out std_logic vector (BIT WIDTH Y-2  downto 0) ;

flag : out std_logic
) ;
end target_position_confirm;

5) Simplicity £&¢4 5 ModelSim {i X

BEE EDA fiRHIA &, EDA TRMFXHHFE, DfHEEX, HESA.
Simplicity &t L8R VHDL/ Verilog 2 &2 —, ModelSim &K
HEERAOKNGETIR.

% 5-5 =K A Synplify Pro 7.7 %44} Ei® VHDL BT & 4R,
BEBRBEOEAT 5%, BELTEHREN 120MHz, ERILBBKIMERE.

E 5-10 Fin B R EMA B R Matlab 74 ] BayerPattern #{3E T, ModelSim
T E SR & Frame_Valid R4 1 3] 0 FIBR3E, BI—MIGRE, SEANTRK
PR BRI EL ISk, TTLAE B target x b 154, target y 249 113, FR7E Matlab HH
PEER—H, EBZEAHREFF AR 52 B R BRI D) E -

A 5-11 4 Avalon S £ 1Y ModelSim {5 EL 455, 7 Niosll K2 B £ i f5 S,
RS bk B R AR 2 B T B R R R I N BE, HETLER,
Hxt bk avalon address 24 0 Bf, avalon data out %% F1HHBUAhH ) X 4R{H 154,
4 avalon_address % 1 B, avalon data out 3% 14 BI4NHI A0 Y ABHR{H 113,1X8, B
B 45 R BT avalon B £8451E45 Niosll #4bH 8% . Niosll B RFEXMLIRE
YE AR R

RI{R 4L E RTL TRE R MR =,
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& 5-5 Synplify Z &4 R
Table5-5 Synthesis Result using Synplify
ZaRHME Synplify pro 7.7
FTRZHE%E 314 of 5980 (5%)
BATES#E 120.7 MHz

o e vad 1 "
i pries stk alins i 15
fda/mdon of. 1
2/ wydn e nll
Ab o, ooy procsssorids/ayson sdd 10
00 oo Dcesol/daiavan en 1
e/ dalay '

_PAOLES0 A P0G
/tb_crqos_cdot (_processor/dut/target_x
+ ‘ Mtb_cmos_color_processor/dut/target_y

Bl 5-10 FiEstEn e
Figure5-10 Timing of Data Process
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A& 5-11 Avalon BBt 71

Figure5-11 Timing of Avalon Bus

5.2. 2 FREERR RIL ik
1) EPP 3 Of&5bhiX

i FPGA BB ABE N, 2FEAMAREIES PCHL, IHRTEML
WREKfE TS BAVERSD, BEEFTR. FORPCHEARE, £BE
BEHMER. = RH SPP. EPP. ECP =F T{Fi&xX: SPP 3CH#F i m $ififtkiX; EPP
SR B A%, HBOE M 5E b S00KB/s~2MB/s; ECP X HEMF Bk

B. XHEFH EPP MUk e s BB IR ifE k. HBEORHEDR 5-6 Fin.

#5-6 EPPR: O34
Table5-6 Interface Standards of EPP
Pin EPPE % In/Out Tike
1 Write Out SIEAER, BES: SIHWARE, EES
2—9 | Data InOut | WHEFELSL
11 Wait In BUREREFHES
14 DataStrobe Out PR, KER

42
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16 Reset Out BAES
17 AddressStrobe | Out HhbE%, KA
18-25 | Ground Out Bt

2) RENBET

WA 5-12 Fios, BAEBREESBD HEHIRE, RE—WRE. WEE
EEREMBRRENMRE. REBUHERES, HERR.

W 5-13 FiR, FOBHRETHIAER/E. FHFE. THEDRE. REX
6 PC B4

§ (| smEmREs §
; RE—hRAE SRRE §
§ ' id :
i sktrans i
: DB AR :

---------------------------------------------------------------------------------

5-12 REHE
Figure5-12 Hlustration of State Changing

! H
: :
; It OERRE :
5 s
; :
; :
] H
! ;
§ FOBHERE ;
E epp pd0 E
; I OBRERE :
' :
Kl 5-13 EPP REHE
Figure5-13 EPP State Diagram
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3) BBRERTREH

& 5-14 Bz, 12C #5180 MTOV032 TS RFITRE. HFRHI%E
KREFWEBRFES SRAM, H—MEIERETHR SFHFELNERFS. —BES
Bk, EPP ¥I28 3 f1 370 SRAM W BRI 15 1R EPP M R FRvE(E X4 PC Hl.
BB XEBREHMNEEERR 5T Fimr.

------------------------------------------------------------------------------------

-------------------

--------------------

i | cmmm | E
MT9V032
{ | mTovosz mpRE | ] i
§ | s
5 SRAM |« ; SRAM #2128 E g
i | EpPmmm | | FCPH

-----------------------------------------------------------------------------------

B 5-14 EBRXERRGEHE
FigureS-14 Architecture of Image Sample and Display

£ 5-7 Synplify report
Table5-7 Synplify report
SARHRE Synplify pro 7.7
B2 Bt 246 of 5980 ( 4%)
BK TSR 151.29 MHz

B 5-15 A EUS REFFERN B B . Matlab 4: ) BayerPattern 250305 75 i
RIS ED T HEA B R, EITTLLE H, pixel data 3% 0 &4 9 EAEIR
Ak, HnWe 0% 1, BBREIESFHES SRAM .
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5-15 RN AR
Figure5-15 Timing of Sample and Store

1 5-16 % PC FrHHSIIFE, 3 PCMHATE, Fo3IESME LK 1
.

5-16 I'C B
Figure5-16 Timing of ’C
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5.2.3 FFilf I°C IP ¥4

REHFRELETRA, MAXZHHBH linux RERERERBFFFERTE. &K
IR FE sourceforge.net H HAE MHHI AT Ht# A ZEBEMGIFRSH, 1B
X — M Z—OpenCores, EBN T RBEATF IP %, HIREIMRH L5
2 IP %, N TR AR A ERIEXEaRe P KRABBCHRGE, LR
—4 R ERE. .

AR HEET PC B3 MTIV032 M TEF X#AT R E, W SOPC KHiR
fit PC 19 TP 4%, BULTTLL¥ T OpenCores FHIZET Wishbone B E45HIRY
’CMaster IP BEEUE, BHE| Avalon Bz E¥®, % PC P BT AN T 3%
EHht TH8%): http://www.opencores.com/projects.cgi/web/i2c/overview

PC &#tmAE 5-17 Bin, BlFVEHRT., fsex., Be=EaTigy
WA, PC IP Bl Wishibone B4k H7E, T Wishbone B4%15 Avalon 7ERSFF
EEARFKAN, REESIHRMSERT UBHE] Avalon B&2Z L.

- SCL

WISHBONE 280 —>
| ) 1 svee [

5 P Pzl
' SDA

PR g g RS SR A |

B 5-17 PC 4#E
Figure5-17 I°C Architecture
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5.3 SOPC THBEHSIRE

5.3.1 N10S-11 RAb 28 % EHI

EERRERRBEHRIS G, R URE R EREH A SR E B RS,
M 5-18 iR, ARATEE BN P EHRAE B RELEER. PC#R, UART
B, PIO #idk. SRAM ¥5%i38. EPP BigA—AMRAERI Niosll %, &
Bl Avalon ZHEHELREKM, Hep, BGERELELREE 52.1 Wehk
FANA, PC ¥h3R7E 5.2.3 W ENABHIN 1L, UART ik, PIO i3k, SRAM
2188 . EPP 1R i Quartus IT AR, TR REHREEN Avalon T4
nEAEe .

NiosII 4 #4%
+ | cMos o EERRE : 5
| e LBAGR ‘ E
| o z
L ;; AVALON B&RZH#EH |— E
UART
; Bisk E
; y L 4 3 E
; PIO SRAM EPP ;
; Btk I Hitk 5
| ! :
i SRAM 5

o e e e e i 0 e o o - - - - - - -

Bl 5-18 RAThRESHIE
Figure5-18 System Function Architecture
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1) Avalon ¥4

P Bl B E BB R BRI ERS. ERACHRIE P &M
fe R P AR AL IR, DK RARNKBEMIE. W ARM AL SRR
FH AMBA B£. Altera IRERI WA LRZEMIF R, R T Avalon BE&HLH.
Avalon T¥ LR —FERTRBER LR (SOPC) ikl HABEBME MM
MIH LN, TR T & A2 HEROE SRBMMNFELR, SEHAATUER
FEMHE A i E R BB EERIE T Avalon BREHEE] Niosll REE L.

Avalon BEBTHRRURERER R, SHIZERRELLTMRML. KED
1554 Avalon B #FIS. Avalon ZZ# B L& FFEHE QL TE:

*

® ¢ ¢ 6 0 0 o

ERMERARRE R
FIES 4N E R & KBRE
BK# 4GB [ 3 4L2 ]
EEZ: 38

PR ik ik PR RS T
IR LS 81
iRz |
HENMRBRRBE AL

Avalon B&ANF T4 CPU S L. £ FPGA W8, RS ELBESH
RIS, Avalon RA—HATHIENANIKBLER . WE 5-19 Fros:
Avalon 7E4#) LR 2R TG HER LK (PCD, EAEFEEZENT TN
X2 BIEE S R EEEXR. HER K, AR FEMRTZ A LR 2ATE R,
MASREFMARE, XHEAKRET BRETERE.
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_________________________________________________________________________________

| Avalon ZZHREHIER

I Avalon Switch Fabric I I

Slaves

5-19 Avalon ZT#: 2K F
Figure5-19 Avalon Switch Fabric

2) 1#H SOPC M R Gk

fe4E 1) SOC Wit ik, T B P EA IS LU RAMR— /N — AN Fah g XK,
ERFEMAFFEH RN R EE, XN XA 5. Altera 2 F) 4 XX
MR, FRT —FMERIA, AP REN=E - RS, ZANTARE SOPC
Builder. SOPC Builder £ K #7E Quartus II #¢7+ T &+, B LR 5 @HbeE
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Figure5-21 NiosII Custom Result
# 58 WMiFHR
Table5-8 Compile Result
GiERA K [R) RIGFE 2007-9-14 B
Quartus Il fRZ& 7. 1BUILDER FULL VERSION
BAS NIOS-II
= e NioslI
BIRY CYCLONE
C2ig EP1C6T144C8
885t (LE) 1734/5980 (46%)
10 5|4 3098 (31%)
£ G) 0
RAM (BIT) 63712/92160 (69%)
PLL 0/2 (0%)
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# 59 BFLAR
Table5-9 Time Constraint

Type Actual Time
Worst-case tsu 8.972ns
Worst-case tpd 2.124 ns
Worst-case th 3.503 ns
Worst-case tco 8.088 ns
Total number of failed paths

Clock Setup: 'pclk_to_the _cmos_color'

76,03 MHz ( period=13.1521ns )

Clock Setup: 'line_valid_to_the_cmos_color’

Restricted to 275.03 MHz ( period=3.636ns )

Clock Setup: 'clk’

7758 MHz ( period=12.890 ns )

Clock Setup:
‘altera_internal_jtag~TCKUTAP

161.60 MHz ( period=6.188 ns )

Clock Hold: 'pclk_to_the_cmos_color’

N/A

5.3.2 NI0S-11 BB TR
1) RERHITRARE

5-22 7~ NiosI Bk AR AL FE 2R B9 FF R i#2, SOPC Builder 5% Niosll &
ZKEH, Quartusll ¥ EHLERES, &%, TH, Niosll IDE H TR E %
THRRGTTR. XTESEIMT SOPC HBAE—-EIEHTT RIGHRE, KETRE

&z,
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Windows XP THEZERIFET, REEEEX 10 O#ATIR, XENM ERRT
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Figure5-26 Serial Debug Interface of NiosII IDE
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MiE— Matlab {FHIiEF

% 07-6-2 9:59 --%
origimg=imread ('RGB.bmp', bmp')
[r, g b]=imread ('RGB.bmp', bmp") ;

[NumOfRow, NumOfColumn, clor]=size (origimg) ;
nolnfo=0; % This is used as a indicator

Nl=round (NumOfRow/2) ;

N2=round (NumOfColumn/2) ;

F1=floor (NumOfRow/2) ;

F2=floor (NumOfColumn/2) ;

0/,
/0

% Drop r and b info at every other pixel

% Note that even and odd rows are different
1y
%subplot (2, 2, 1) ;
%imshow (origimg) ;
a=0;

b=0;

sum_x=0;

sum_y=0;

sum_x_2=0;

sum_y 2=0;

fori=1:N1,

for =1:N2,

r (2*i-1, 2*j-1, 1) =nolnfo; % r=0 odd line
r (2%i-1, 2%-1, 2) =nolnfo; % g=0 odd line odd column
r (2%-1, 2%, 1) =nolnfo; % r=0odd line even column

r (2*%-1, 2%, 3) =nolnfo; % b=0 odd line even column

r (2*i, 2%-1, 1) =nolnfo; % r=0 even line odd column g stay
r (2%, 2%-1, 3) =nolnfo; % b=0 even line odd column
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r (2¥%i, 2%, 2) =nolnfo; % r=0 even line even column
r (2*%i, 2%, 3) =nolnfo; % b=0 even line even column
out (i, j) =0;
img (2*-1, 2%-1, 1) =255;
img (2%-1, 2%, 1) =255;
img (2*, 2%-1, 1) =255; % evenline odd column g
img (2*i, 2%, 1) =255; % even line even column b
img (2%*i-1, 2%-1, 2) =255;
img (2%-1, 2%, 2) =255;
img (2*i, 2%*-1, 2) =255;
img (2%, 2%, 2) =255;
img (2%-1, 2%-1, 3) =255;
img (2%-1, 2%, 3) =255;
img (2%, 2%-1, 3) =255;
img (2%, 2%, 3) =255;
img2 (2*i-1, 2%-1, 1) =255;
img2 (2%i-1, 2%, 1) =255;
img2 (2%, 2*-1, 1) =255; % even line odd column g
img2 (2*, 2%, 1) =255; % even line even column b
img2 (2%-1, 2%-1, 2) =255;
img2 (2%i-1, 2%, 2) =255;
img2 (2%, 2%-1, 2) =255;
img2 (2*i, 2%j, 2) =255;
img2 (2%i-1, 2%j-1, 3) =255;
img2 (2%-1, 2%, 3) =255;
img2 (2*i, 2%j-1, 3) =255;
img2 (2%, 2%, 3) =255;
if (r (2%i-1, 2%, 2) -r (2*i-1, 2%-1, 3) >60) % oldline G-B
img (2%-1, 2%, 1) =r (2%-1, 2%, 1) ;
img (2%-1, 2%-1, 1) =r (2%-1, 2%-1, 1) ;
img (2*i-1, 2%, 2) =r (2*i-1, 2%, 2) ;
img (2%i-1, 2%-1, 3) =gr (2%-1, 2%-1, 3) ;
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img (2*i-1, 2%, 3) =r (2%i-1, 2%, 3) ;
img (2*%i-1, 2%-1, 2) =r (2%-1, 2%-1, 2) ;
out (i, j) =r (2*i-1, 2%, 2) - (2*-1, 2%-1, 3) -60;
a=atl;
sum_x=sum_x+j;
sum_y=sum_y-+i;

end;

if (r (2%, 2%-1, 2) r (2%, 2%, 1) >15) % even line G-R
img2 (2*i, 2%, 1) =r (2%, 2%, 1) ;
img2 (2%, 2%-1, 1) =r (2%, 2%-1, 1) ;
img2 (2%, 2%, 2) =r (2%, 2%, 2) ;
img2 (2%, 2%-1, 2) =r (2%, 2%-1, 2) ;
img2 (2%, 2%-1, 3) =r (2%, 2%-1, 3) ;
img2 (2*i, 2%, 3) =r (2%, 2%, 3) ;
out2 (i, j) =r (2%, 2%-1, 2) -r (2%, 2%, 1) -30;
b=b+1;
sum_x_2=sum_X_2+j;
sum_y 2=sum_y 2-+i;

end;

end;

end;

target_x_2=floor (sum_x_2/b) ;
target_y 2=floor (sum_y 2/b) ;
target x=floor (sum_x/a) ;
target y=floor (sum_y/a) ;
position_x=2*floor (sum x/a) ;
position_y=2*floor (sum_y/a) ;
subplot (1, 2, 1) ;

imshow (img) ;

title (‘imagel G-B') ;

subplot (1, 2, 2) ;
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imshow (img2) ;

title (‘image2 G-R") ;

dimwrite (‘image2 new red Int.txt, double (r (:, :, 1) ), W, 0, 0) ;
dimwrite (‘image2 new green Int.txt', double (r (:, :, 2) ), W', 0, 0) ;
dimwrite (‘image2 new blue Int.txt', double (r (:, :, 3) ) , ', 0, 0) ;
dimwrite ('image2 bayer.txt', double (r (i, :, 3) + C:, & 1) 41 (2 5, 2) ),
\t, 0, 0)

[X, Y]=meshgrid (1:1:N2, 1:1:N1) ; % N2 x-axis N1 y-axis

out_tmp=double (out) ;
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BtR= BEGRELER IP XTE RIL H#id

-- Title : Color Process Block
-- Project : Machine Vision Project
-- File : cmos_color_processor.vhd

-- Author : Omnihua

-- Company : Department of Electrical and Automation

-- Last update :2007/07/09

-- Platform : modesim se plus 6.2b synplify 7.7 quartus II 7.1

-- Description : This file is part of the project 'Machine Vision Project'

-- Revisions :BETA

- Date Version  Author Description

--2007/07/09 0.9 Omnihua Created

--2007/09/13  0.9.1 Omnihua modify Add some timing description

LIBRARY IEEE ;

use ieee.std_logic _1164.all;

use ieee.std_logic_arith.all;

use ieee.std_logic unsigned.all;

package my pkgis

TYPE ram_array IS ARRAY (0TO23) OF STD_LOGIC_VECTOR (7 downto
0 ;

SUBTYPE unsigned char is integer range 0 to 255;

SUBTYPE unsigned 8bit is integer range 0 to 255;

SUBTYPE unsigned 9bit is integer range 0 to 511;

SUBTYPE unsigned_10bit is integer range 0 to 1023;

constant PIXEL WIDTH : integer =10;

constant DIVISOR WIDTH : integer =19;

constant DIVISION_WIDTH : integer =32;

constant BIT WIDTH X : integer =10;

constant BIT WIDTH_Y : integer =9;

constant HEIGHT BIN : std_logic_vector :="111100000";
constant WIDTH_BIN : std_logic_vector :="1011110000";
constant HEIGHT : integer =480;

constant WIDTH : integer =1752;

constant VALUE_ONE : std_logic_vector :="0000000001";
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constant DELAY : integer = WIDTH +4;
end my pkg;

LIBRARY IEEE ;

use ieee.std_logic_1164.all;
use ieee.std_logic arith.all;

use ieee.std_logic_unsigned.all;

use work.my_pkg.all;

entity cmos_color_processor is

port

(

pelk :in STD_LOGIC;
line_valid :in STD_LOGIC;
frame_valid :in  STD_LOGIC;
data_in :in std logic vector (PIXEL WIDTH -1 downto0) ;
Avalon_clk :in  std_logic;
Avalon_reset n :in  std_logic;
Avalon address  :in std_logic vector (1 downto0) ;
Avalon_en :in  std_logic;
Avalon_read :in  std_logic;
Avalon data out :outstd logic vector (31 downto0) ;
Avalon_irq_out : out std_logic --interrupt flag

) ;

end cmos_color_processor;

architecture behavior of cmos_color_processor is
signal position_x :std_logic vector (BIT_WIDTH X -1 downto 0) ;

signal position_y :std_logic vector (BIT_WIDTH_Y -1 downto 0) ;
signal target x :std_logic_vector (BIT_WIDTH_X -2 downto 0) ;
signal target y :std_logic_vector (BIT_WIDTH_Y -2 downto 0) ;

signal sum_x_connect :std logic vector (DIVISION _WIDTH -1 downto 0) ;
signal sum_y connect :std_logic vector (DIVISION_WIDTH -1 downto 0) ;
signal fit num_connect:std_logic_vector (DIVISOR_WIDTH -1 downto 0) ;
signal error : std_logic;

signal flag : std_logic;
signal flag_temp : std_logic;
signal irq_flag : std_logic;
signal irq_ack : std_logic;
signal Avalon_wacc : std_logic;
signal Avalon_racc : std_logic;
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-- registers for Avalon read
signal Avalon_status_reg : std_logic_vector (31 downto 0) ;
signal Avalon_target x_reg :std_logic vector (31 downto0) ;

signal Avalon_target y reg :std logic_vector (31 downto0) ;
--component color_process
component color_process is

port
(

pelk : in STD LOGIC;
line valid : in STD_LOGIC;
frame valid: in STD_LOGIC;
position x : in STD_LOGIC_VECTOR (BIT WIDTH_X -1 downto 0) ;
position y : in STD_LOGIC_VECTOR (BIT WIDTH_Y -1 downto 0) ;
data_in : in std_logic_vector (PIXEL WIDTH -1 downto 0) ;
sum_x_out : outstd_logic vector (DIVISION WIDTH -1 downto 0) ;
sum_y out : outstd logic vector (DIVISION WIDTH -1 downto 0) ;
fit add out : outstd logic vector (DIVISOR_WIDTH -1 downto 0)

) ;

end component ;

component position_determination is
port
(

pelk :in std_logic;
line_valid : in std_logic;
frame_valid: in std_logic;
position_x : out std_logic_vector (BIT WIDTH_X -1 downto 0) ;
position_y : out std_logic_vector (BIT_WIDTH_Y -1 downto 0)

)

end component;

component target _position_confirm is

port

(

pelk rin  std_logic;
position_x :in std logic vector (BIT WIDTH X-1 downto0) ;
position_y :in std_logic vector (BIT WIDTH Y -1 downto0) ;
sum_x :in std_logic_vector (DIVISION WIDTH-1 downto 0) ;
sum_y :in std_logic vector (DIVISION WIDTH-1 downto 0) ;
fit num  :in std_logic_vector (DIVISOR WIDTH-1 downto 0) ;
target x :out std_logic vector (BIT WIDTH_X-2 downto 0) ;
target y : out std_logic_vector (BIT WIDTH_Y-2 downto 0) ;

-



Mx

flag “:outstd_logic -- give a flag after division complete
) ;
end component;
begin
--singal connection
connect_position_determination:
position_determination
port map (pclk =>pclk, frame valid => frame_valid, line_valid =>line_valid,

position_x=>position_x, position_y=>position_y) ;

connect_color_process:
color_process
port map (pclk =>pclk, frame valid => frame valid, line valid =>line_valid,
position_x=>position_x, position_y=>position_y, data_in=> data_in,
sum_Xx_out=>sum_x_connect ,  sum_y out=>sum_y connect , fit add_out
=>fit_num_connect) ;

connect _target position_confirm:
target_position_confirm
port map (pclk=>pclk, position_x=>position_x, position_y=>position_y,
sum_x=>sum_x_connect, sum_y=>sum_y_connect, fit num=>fit_num_connect,
target x=>target x, target y=>target y, flag=>flag) ;
--generate write access signal
--Avalon_wacc<= Avalon_en and Avalon_we;
--generate read  access signal
Avalon_racc<= Avalon_en and Avalon_read;
process (Avalon clk)
begin
if (Avalon_clk'event and Avalon_clk ='1') then
irq_ack<="1";
if Avalon_racc ='l' then
irq_ack<='0";
case Avalon_address is
when "00" =>Avalon_data_out<=Avalon_target x_reg;
when "01" =>Avalon_data_out<=Avalon_target y reg;
when "10" =>Avalon_data_out<=Avalon_status_reg;
when "11" =>Avalon_data_out<= (others=>'0") ;
when others => Avalon_data_out<= (others=>'X") ;
end case;
end if;
end if;
end process;
—generate interrupt flag  automatic clear flag when read;
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process (Avalon clk)
begin ]
if Avalon_clk'event and Avalon_clk="1' then
if (Avalon_reset_n="0"or irq_ack='0') then
irq_flag<='0';
else
flag_temp<=flag;
if (flag='1' and flag_temp='0') then
irq_flag<="1";
end if;
end if;
end if;
end process;
process (Avalon_clk)
begin
if Avalon_clk'event and Avalon_clk="1" then
if (Avalon_reset n="0') then --synchronous clear
Avalon_irq_out<='0';
else
Avalon_irq out<=irq flag;
end if;
end if;
end process;
--assign the registers
Avalon_status reg (0) <=irq_flag;
Avalon_status reg (31 downto 1) <= (others=>'0") ;
Avalon_target x reg (BIT_WIDTH_X-2 downto 0) <=target x (BIT WIDTH_X-2
downto 0) ;
Avalon_target x_reg (31 downto BIT WIDTH_X-1) <= (others =>'0") ;
Avalon_target y reg (BIT_ WIDTH_Y-2 downto 0) <=target y (BIT_WIDTH_Y-2
downto 0) ;
Avalon_target y reg (31 downto BIT WIDTH_Y-1) <= (others =>'0") ;
end behavior; --architecture
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-- Title : Image EPP Test Program
-- Project : Machine Vision Project
-- File : Epp2Sram.vhd

-- Author : Omnihua

-- Company : Department of Electrical and Automation
-- Last update : 2007/09/09
-- Platform : modesim se plus 6.2b synplify 7.7 quartus 11 7.1

-- Description : This file is part of the project 'Machine Vision Project’

-- Revisions :BETA

-~ Date Version  Author Description
--2007/09/09 0.9 Omnihua Created
LIBRARY IEEE ; |

use ieee.std_logic_1164.all;
use ieee.std_logic_arith.all;
use ieee.std_logic_unsigned.all;

use work.my_pkg.all;

entity image2sram is

port

(

--MT9V032 interfaces
pclk, frame valid, line valid : instd_logic;
pixeldata :in std_logic_vector (7 downto 0) ;
exposure : out std_logic;
-- key control
key_capture ;in std_logic; _
led :out std logic_vector (7 downto0) ;
-- sram control signals;
nwe :out std_logic;
noe :out std_logic;
nce out std_logic;
addr :out std logic vector (18 downto 0) ;
data :inout std_logic_vector (7 downto 0) ;
-- EPP interfaces;
EPP_Write ;in std_logic;
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EPP_AddressStrobe iin std_logic;
EPP_DataStrobe iin std_logic;
EPP_Reset :in std_logic;
EPP Data :inout std_logic_vector (7 downto 0) ;
EPP Wait :out std_logic;
EPP_Dir :out  std_logic;
-- system reset signal
reset :in std_logic; --high active
--i2¢ interface
I2C Sda :inout  std_logic;
12C Scl :inout  std_logic;
I2C_Write ;in std_logic
) ;
end image2sram;

architecture behavior of image2sram is

type statesis (S_IDLE, S FRAME, S TRANSFER, S _WAIT) ;

type epp_statesis (EPP_IDLE, EPP_WAIT WRITE, EPP_WAIT READO,
EPP_READI1, EPP_WAIT READ1) ;

signal state: states;

signal epp_state:epp_states;

signal bufferl, buffer2: std_logic_vector (7 downto 0) ;

signal pixel _counter : std_logic vector (18 downto 0) ;

signal position_x : std_logic_vector (BIT_WIDTH_X -1 downto
0 ;

signal position_y : std_logic_vector (BIT_WIDTH_Y-1 downto
0 ;

signal frame valid_tmp : std_logic;

-- sram signals

signal sram_nwe : std_logic;

signal sram_noe : std_logic;

signal SRAM_Data : std_logic_vector (7 downto 0) ;

signal SRAM_Dataln : std_logic_vector (7 downto 0) ;

signal SRAM_RAddr :std_logic_vector (18 downto 0) ; --256K 32bit

signal SRAM_WAddr : std_logic_vector (18 downto 0) ;

signal SRAM_RAddrTmp : std_logic_vector (18 downto 0) ;

--EPP siganls

signal EPP_Wr : std_logic;

signal EPP_AS : std_logic;

signal EPP_DS : std_logic;

signal EPP_Rst © :std logic;
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signal EPP_DataOut : std_logic_vector (7 downto 0) ;
signal EPP_Dataln : std_logic_vector (7 downto 0) ;
signal EPP_DataTmp : std_logic_vector (7 downto 0) ;
--I2C signals

signal I2C_Led : std_logic_vector (7 downto 0) ;
signal error : std_logic;

begin

u2: image position
port map (pclk => pclk, frame_valid => frame_valid, line_valid =>line_valid,
position_x=>position_x, position_y=>position_y) ;

u3: i2¢_interface

port map (clk=>pclk, Reset =>Reset, led=>I2C_led, key_start=>'0',
key write=>12C_Write, key disp=>'0', key nxt=>'0', error=>error,
SCL=>I2C_Scl, SDA=>I2C Sda) ;

--i2¢ can work with sample concurrently

process (pclk, reset)
begin
if reset ='1" then
EPP_Wr<="1";
elsif pclk'event and pclk="1" then
EPP_Wr<=EPP_Write;
end if;
end process;

process (pclk, reset)
begin
if reset ='1' then
EPP_AS<='l';
elsif pclk'event and pclk="1" then
EPP_AS<=EPP_AddressStrobe;
end if;
end process;

process (pclk, reset)
begin
if reset ='1" then
EPP_DS<='1";
elsif pclk'event and pclk="1' then
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EPP_DS<=EPP_DataStrobe;
end if;
end process;

process (pclk, reset)
begin
if reset ='1’ then
EPP_Rst<='l';
elsif pclk'event and pclk='1" then
EPP_Rst<=EPP_Reset;
end if;
end process;

--Main state shift program

process (reset, pclk, line valid, frame valid)

begin

if reset ='1' then
state<=S_IDLE;
epp_state<=EPP_IDLE;
led<=X"11"; --state dictator
sram_nwe<='1"; -- disable sram
sram_noe<='l";
SRAM_RAddr<= (others=>'0") ;
SRAM_WAddr<= (others=>'0") ;
SRAM_RAddrTmp<= (others =>'0") ;
SRAM_Dataln<= (others =>'0") ;
SRAM_Data<= (others =>'0') ;
pixel_counter<= (others =>'0') ;
epp_dataout<= (others =>'0") ;
EPP_Dataln<= (others =>'0") ;
EPP DataTmp<= (others=>'0") ;
bufferl<= (others=>'0") ;
frame_valid_tmp<='0';
epp_wait<='0";
EPP_Dir<='0"; -- data from epp to fpga

elsif pclk'event and pclk ='1' then
ifline_valid="0' then
bufferl<= (others=>'0') ;
buffer2<= (others=>'0') ;
end if;
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if frame_valid="0' then
pixel_counter<= (others=>'0") ;
end if;
case state is
when S IDLE =>
state<=S IDLE;
EPP_Dir<='0";
ifkey capture ='1' then
state<=S_WAIT;
SRAM RAddr<= (others =>'0') ; --clear Read Register
end if;
when S WAIT => --wait for a new frame
frame valid tmp<=frame valid;
if frame_valid ='1' and frame_valid_tmp =0’ then

state<=S_FRAME;
SRAM Data (7 downto 0) <=pixeldata;
pixel_counter<=pixel counter+'1";
end if;
-- save the pixel data to sram
when S FRAME => --frame time
if line_valid ='1' then
sram_noe<='l";
sram_nwe<='l";
SRAM_ WAddr<=pixel counter (18 downto 0) ;
SRAM Data (7 downto 0) <=pixeldata;
pixel_counter<=pixel counter+'l’;
end if;
if pixel_counter =X"58200" then --40000 =256k --1067F ==
state<=S_IDLE;
sram_noe<="0'; -- enable sram output data
sram_nwe<='1";
state<=S_TRANSFER;
led<=X"33";
- EPP_Dir<="1";
end if;
-- transfer the pixel data from sram to epp
when S_TRANSFER =>
--EPP_Dir<='1"; -- read sram
state<=S_TRANSFER;
if (SRAM_RAddr=X"58200") then
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state<=S_IDLE;
led<=X"44";
end if;
case (epp_state) is
when EPP_IDLE =>
epp_state<=EPP_IDLE;
EPP_Wait<='0'";
if EPP_DS ='0' then
if EPP_Wr ="1" then -- read sram
EPP_Wait<='1";
EPP_DataOut<=data (7 downto 0) ;
epp_state<=EPP_WAIT READO;
else -- write sram
EPP_Wait<='1";
EPP_Dataln<=EPP_Data;
epp_state<=EPP_WAIT_ WRITE;
end if;
end if;
when EPP_WAIT WRITE => -- write sram
if EPP_DS ='1' then
EPP_Wait<='0';
epp_state<=EPP_IDLE;
end if;
-- Begin transfering data from sram to epp
when EPP_WAIT READ( =>
if EPP_DS =1 then
EPP_Wait<='0';
epp_state<= EPP_IDLE;
SRAM_RAddr<=SRAM_RAddr +'1';
led<=SRAM_RAddr (7 downto 0) ;
end if;
when others =>
epp_state<=EPP_IDLE;
end case;
when others =>
state<=S_IDLE;
end case;
end if;
end process;
-- assignepp signals , data from sram to epp
EPP_Data<=EPP_Dataout when (epp_state =EPP_WAIT READO or epp_state
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=EPP_WAIT READ1) else (others=>Z') ;
-- assign mt9v032 signals
exposure<='0";
-- assign sram signals
nwe<= (notpclk) when (state=S FRAME ) else'l’;
noe<=sram_noe;
--addr<=SRAM_WAddr when (sram_nwe='0') else (SRAM_RAddr) ;
addr<=SRAM_WAddr when (state=S FRAME ) else (SRAM_RAddr) ;
data<=SRAM Data when (state=S_FRAME ) else (others=>'Z') ;
nce<='0';

end behavior;
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MiF AR Visual Studio TEIZETIEF

void CEPPandLEDDIg::OnBnClickedButton3 () /27 E14
{

CString text_data;

inti, j;

BYTE addr=0;

BYTE tmp=0;

BYTE buf[240][376]={0, };

unsigned int count_times=0;

//reset epp

DIPortWritePortUchar (PORTBASE+2, addmask (PORTBASE+2, 0xOF) ) ;
for (i=0; i<240; i++)

for (j=0; j<376; j++)

{
bufli][j]=DIPortReadPortUchar (PORTBASE+4) ;

ount_times+=1;

}

// display the image

CWnd*  pPic=this->GetDigltem (IDC_IMG) ;

ASSERT (pPic) ;

CClientDC  dc (pPic) ;

CRect rect;

pPic->GetClientRect (rect) ;

CBitmap bitmap;

bitmap.CreateCompatibleBitmap (&dc, rect.Width () , rect.Height () ) ;
CDC m_dc;

m_dc.CreateCompatibleDC (&dc) ;

m_dc.SelectObject (&bitmap) ;

//draw rect

m_dc.Draw3dRect (rect, RGB (0, 0, 255) , RGB (255, 255, 0) ) ;
CPen GreenPen (PS_SOLID, 0, RGB (0, 255, 0) ) ;

for (i=0; i<240; i++) //bayer display
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for (j=0; j<376; j++)

{ if ( (i%2=0) && (j%2==1) ) //FHAT, BEFIG
{ m_dc.SetPixel (j, i, RGB (0x0, buf[i]j], 0x0) ) ;
t}elseif( (i%2 =1) && (j%2==1) ) /MBEIT, BEFIR
{ m_dc.SetPixel (j, i, RGB (buffi][j}, 0x0, 0x0) ) ;
ilse if ( (i%2==0) && (j%2=0) ) /[AHIT, AHHFIB
{ m_dc.SetPixel (j, i, RGB (0x0, 0x0, buffi][j]) ) ;
ilse//ﬁﬁﬁ‘v AEF G
{ m_dc.SetPixel (j, i, RGB (0x0, buf[i](j], 0x0) ) ;

}
}
dc.BitBIt (0, 0, rect.right-rect.left, rect.bottom-rect.top, &m_dc, 0, 0, SRCCOPY);

UpdateData (false) ;
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[1]% %, BENH.<<Three-Phase SPWM Wave Generator for Frequency Convertor

Based On DSP >>. S H A (7)) , ISSN 1673-3800, CN11-5255/TM, 2006, =5
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