RunLength
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B-3 2 s
B-3-d
B3 et eenree e
5-3-3
B-3-d
B-3-D

5-4

6-LRun Length

B2 e
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VHDL!

Windows

VHDL

1 Very Highspeed Integrated Circuit VHSIC Hardware Discription Language



—

(Static Huffman Coding)

2-1



(Adaptive Huffman Coding)

(Static dictionary based compression)

Dynamic dictionary based compression

(Run Length Encoding)

VHDL



BMP2

13 ” 13 O"
BMP
3
2 8bit TXT 4
2 BitMaP Windows
3 binary ASCII
4



BMP

bfType 2 byte BM
bfSize 4 byte byte
bfReservedl 2 byte
bfReserved2 2 byte
. byte

bfOffBits 4 byte
biSize 4 byte 40 (byte)
biwidth 4 byte
biHeight 4 byte
biPlanes 2 byte 1

L bit
biBitCount 2 byte
biCopmression | 4 byte
biSizelmage 4 byte byte
biXPixPerMeter | 4 byte 1m
biYPixPerMeter | 4 byte 1m
biClrUsed 4 byte
biCirlmportant | 4 byte




BMP 50x%
50 24bitBMP 8bit
bfType 01000010 biPlanes 00000000
bfType 01001101 biBitCount 00011000
bfSize 11101000 biBitCount 00000000
bfSize 00011101 biCopmression 00000000
bfSize 00000000 biCopmression 00000000
bfSize 00000000 biCopmression 00000000
bfReservedl 00000000 biCopmression 00000000
bfReservedl 00000000 biSizelmage 00000000
bfReserved2 00000000 biSizelmage 00000000
bfReserved2 00000000 biSizelmage 00000000
bfOffBits 00110110 biSizelmage 00000000
bfOffBits 00000000 biXPixPerMeter 00010000
bfOffBits 00000000 biXPixPerMeter 00010111
bfOffBits 00000000 biXPixPerMeter 00000000
biSize 00101000 biXPixPerMeter 00000000
biSize 00000000 biYPixPerMeter 00010000
biSize 00000000 biYPixPerMeter 00010111
biSize 00000000 biYPixPerMeter 00000000
biwidth 00110010 biYPixPerMeter 00000000
biwidth 00000000 biClrUsed 00000000
biwidth 00000000 biClrUsed 00000000
biwidth 00000000 biClrUsed 00000000
biHeight 00110010 biClrUsed 00000000
biHeight 00000000 biCirlmportant 00000000
biHeight 00000000 biCirlmportant 00000000
biHeight 00000000 biCirlmportant 00000000
biPlanes 00000001 biCirlmportant 00000000
3-2




BMP 4- 54Byte 432 bit

BfSize  4byte 3-2
1 “ 11101000” “ 00011101” “ 00000000"*  00000000"
“ 11101000 10 “ 232" “ 00011101 * 29"
“ 00000000" 10 “ 0

232+ (29% 256) = 7659

biXPixPerMeter biYPixPerMeter

BMP 1

biBitCount 3-2 “ 00011000” 1
24bit BiBitCount BMP

00000001 1bit
00000100 4bit | 16
00001000 8bit | 256
00011000 | 24bit | 1677

3-3

4bit
24bit 1
Red,Green,Blue 8
256 x 256 x 256 =16777216
16,777,216



24bit

24bit RGB5 8bit
24bitBMP
Red Green Blue Black white
00000000 00000000 11111111 00000000 11111111
00000000 11111111 00000000 00000000 11111111
11111111 00000000 00000000 00000000 11111111
00000000 00000000 11111111 00000000 11111111
00000000 11111111 00000000 00000000 11111111
11111111 00000000 00000000 00000000 11111111
34
3-4 24bit BMP 6
Red,Gerrn,Blue,White,Black 1 24bit BMP
3-5

00000000 11111111

00000000 11111111

00000000 11111111

3-5

5 Red Green Blue




3
24bit 1bit
24
BMP
2 BMP

2
01000010
01001101
11101000

24bit 50x50 00011101.........
4-1
4-1 7,656byte



DCT

6 Discrete Cosine Transform

5-1

(DCT?)

10



‘111111117

24bit
8bit
256
256
1bit

11

16,777,216
* 00000000”
1 bit BMP



24bit 8bit
1. 256
2.
RGB
0 255 1
Rx2® +Gx2°+B

R=255,G=255,B=255
16,777,215 2 1111111111111112211111211
2

(255),, = (11111111),
(255x 2°),, = (1111111100000000),
(255x 2'°),, = (111111110000000000000000),

RGB 8bit

256
256

12



Y (Green
A ( )

(x2,y2,22) Z (Blue)

(x1,y1,z1)(x2,y2,z2)

RGB

(x1,y1,z1)
X (Red
- (Red)
2
1. RGB 7

RGB

0.298912 x R+ 0.586611x G + 0.114478x B

128 128

13

Jx2=x1)? + (y2—- y1)? + (22 - Z1)?

128

RGB



5-1

50

5-2
5-3
5-4

N
N
N
(e8] o
N o
— N

RGB

14



0 255

5-3

0 255

15

5-2



RGB

4x 4

5-4

-
240

208

g0

5-6

4% 4

4% 4

16

5-7

255

5-7




Bayer Screw DotConcentrate

Bayer :128 1160

12 | 4 | 14| 6

15| 7 | 13| 5

o b
o RS
LR R A
L
o b
P SRS
o b

B B B M B M M MMM M B

5-1

164 1128

10 | 4 6 8

12 | O 2 |14

ALY
AT
VALY
AT
ALY
AT
ALY

U Y

e e e
EEXEEXREERRLEEELEERELER
CLEECLELEEELRLARELRLLLD
ELEEELELERELELERRLELEEE
CECLLERLLECLREELLERLLED
EEXEEXREERRLEEELEERELER
CECLLERLLECLRRELLERLLED

JIJIJIJIIJIdIdIdlddld,

i
SRR
rhhARARALLCLLLLLAARY
T

5-2

17



Screw (1) :160
13 7 6 12
8 1 0 5
9 2 3 4
14 | 10 | 11 5
sazzassasaszssamsannanaail FFFFFFFFFFFFFFFFFFFFFFFN
s
asssssssssssssssislf IR LA
By | MR | FrerrrrrerrERRTEERRIIRER
Idddddddddddddddddddddd !
IETTAITAITITITTY | Wietteisetsetseten | herrrremmnsmrer
5-3
Screw (2) 64
15 4 8 12
11 0 1 5
7 3 2 9
14 | 10 6 13

=

18




==
) =

19




1234 58 .
56(7 |8
9 1011 12
13[14]15[16

5-8
12)3|4al1]|2]3]4 5.9
sl6/ 7 8/5|6/7 8
a to/11 12| 8 101112 5.9
131415 161314 [15 |16
11234

5-9
5-5

0,2,5,8,11, 14 ,17, 21, 25, 29, 33, 37, 42, 46, 51,56,61,65,,
0,2,5,8,11, 14 ,17, 21, 25, 29, 33, 37, 42, 46, 51,56,61,65,,
0,2,5,8,11, 14 ,17, 21, 25, 29, 33, 37, 42, 46, 51,56,61,65,,
0,2,5,8,11, 14 ,17, 21, 25, 29, 33, 37, 42, 46, 51,56,61,65,,

11111111111111111

20

16

1,253
1,253
1,253
1,253

5-8



256

21

5-7




2
!
S
EREREREb e

Rt
L e

22




LT

1

)

1

(

v

Iy

e

Screw

5-9

23



(2)

Screw

MRS S,

Ferra e
Sivarrazaais

rraaar

ii

r s

angllan

10

5

24



DotConcentrate

g T AR A AR N AR AN AN AR AN AL e

BREtLuvaaaaanas e rm ke D T IR AT IIIINIINININIININIININIING

mEmEanaanaaaann i b e
e

Pl
whrkacr

5-11

5-7

Bayer

Bayer

Bayer

DotConcentrate

Screw

Bayer

DotConcentrate

)

(1) Screw (2

Bayer

Screw

Bayer

5-11

5-8

Screw

25



VHDL

Bayer 320x 240
24bit
bit
8bitRed ——P
8bit G —> >
it Green Bayer Type
8bit Blue Dither Filter
Clock —>
Reset ————— P
5-10
VHDL
5-10
Clock,Reset,RGB
VHDL 2
VHDL
VHDL
1
10
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256

16

28



Run Length

Run Length

Run Length

8bit

255

255

byte

8bit

29

Run Length

255

6-1

Run Length



Clock —P> —» shit
Run Length
Reset — b ——» 8bit
Encoder
8bitData >
6-1
2 8bit
byte BUF_A ,BUF_B
BUF_A BUF B
CNT_A 8bit 255
BUF_A BUF_A
BUF_B BUF_ A BUF B
1
BUF_ A BUF B BUF_B
BUF B BUF_A

30



8bit 255
255
CNT_A 255 255

6-2 2 3
8bit

10

1 lbyte
6-2 “ 0 3byte
3 “ 255 3byte
RLES 6-2
© 0" 3byte “ 255"  3byte 0x 3 255x 3
2 0
0,1,2, 2

8 Run Length Encoding
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6-1 240x 240 BMP

6-2 6-1 DotConcentrate

24bit 172,845byte

8bit ASCII

RLE 8bit 8bit
6-1 172,845 byte 1,728,450 byte 3,210,715 byte 185.8%
6-2 172,845 byte 1,728,450 byte 336,490 byte 80.53%
6-1

6-1 RLE
2 80.5%
2 RLE

33
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VisualBasic

VHDL

2



[1] [ 1 “ VHDL

[2] [ 1] “ VHDL

(3] [1°

[4] [1°

(5] [ 1°

[6] [ 1°

[7] [1°

[8]Jon Clark Craig[ ] “ Visual Basic4.0

[9] [ 1 “ Visual Basic

[10] [ T Visual Basic
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GUI
VisualBasic5.0

VHDL

-1 - ASCII

Private Sub Dirl_Change()
Filel.Path = Dirl.Path

[ Atemp -

ey s -] End Sub
[C=iline_webpack

CRRILL T L = \ . .
H'—'TOEK%O-?QEE1DQED1 ﬂ Private Sub Drivel _Change()
autoexec.bat i =Dri i
autoexecbat] a1 0oeD Dirl.Path = Drivel.Drive
autoexec.mti ﬂ End Sub

%f‘?

Private Sub Filel_Click()
If Right(Dirl.Path, 1) = "¥" Then
Fname = Dirl.Path & Filel.filename

Else
Fname = Dirl.Path + "¥" + Filel.filename

End If
End Sub

Commandl
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General

Dim LD As Byte

Dim a As Byte

Dim c As Long

Dim i As Long

Dim ansA As Currency
Dim ansB As Currency
Dim ansC As Currency
Dim ansD As Currency
Dim ansk As Currency
Dim ansF As Currency
Dim ansG As Currency
Dim ansH As Currency
Dim ansl As Currency

Dim ansJ As Currency

Dim Fname As String

Dim subA As Byte
Dim subB As Byte
Dim subC As Byte
Dim subD As Byte
Dim subE As Byte
Dim subF As Byte
Dim subG As Byte
Dim subH As Byte

Dim subl As Byte
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Command1l

Private Sub Command1_Click()
Command1l.Caption ="
If Fname ="" Then

ret = MsgBox(" ", 48,"
Else
Open Fname For Binary As #1
Do Until EOF(1)
Get#l,,a
izi+1
Loop
Close #1
Open Fname For Binary As #1
Open Fname & ".Bit" For Append As #2
Forc=1Toi-1Step1l
Get #1,, LD
SubA = LD Mod 2
If subA=1 Then
ansA=LD/2-05
Else
ansA=LD/2
End If
subB = ansA Mod 2
If subB =1 Then
ansB =ansA/2-0.5
Else
ansB = ansA/ 2
End If
subC = ansB Mod 2
If subC =1 Then
ansC=ansB/2-0.5
Else
ansC = ansB /2
End If
subD = ansC Mod 2

39




If subD =1 Then
ansD =ansC/2-0.5
Else
ansD =ansC /2
End If
SubE = ansD Mod 2
If SubE =1 Then
ansE =ansD/2-0.5
Else
ansE =ansD /2
End If
subF = ansk Mod 2
If subF =1 Then
ansF =ansg/2-0.5
Else
ansF =ansg /2
End If
subG = ansF Mod 2
If subG =1 Then
ansG =ansF/2-0.5
Else
ansG = ansF /2
End If
subH = ansG Mod 2
If subH =1 Then
ansH =ansG/2-0.5
Else
ansH =ansG /2
End If
Print #2, subH & subG & subF & subE & subD & subC & subB & subA
Next c
Close #1, #2
End If
Command1l.Caption ="
End Sub
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[T nIgiE Text2 17
0 0 0 0 “~ /
T O O O P
o oo o 0
oo o o
Command?2
Bayer ™ 7
Ratio M=
Sorew] L
Screw?
cRRSERIREER]
jlj Green Dogncentrate 1 / Commandl
ﬂM Blue %\ 1/
Picturel Picture3
Combol
Label4

Private Sub HScrolll_Change()
Cred = HScroll1.Value
Cgre = HScroll2.Value
Cblu = HScroll3.Value
lum = (0.298912 * Cred + 0.586611 * Cgre + 0.114478 * Cblu)
Picturel.BackColor = RGB(Cred, Cgre, Cblu)
End Sub
‘Hscroll2,3
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General

Dim Cred As Byte
Dim Cgre As Byte
Dim Cblu As Byte

Dim X As Long
DimY As Long

Dim i As Long
Dim j As Long

Dim lum
Dim SH As Byte

Dim SHred As Byte
Dim SHgre As Byte
Dim SHblu As Byte

Dim BSH(1 To 4, 1 To 4) As Byte
Dim MTX(1 To 4, 1 To 2) As Byte

Dim BX As Long
Dim BY As Long
Dim Bi As Long

Dim Bj As Long
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Command1l

Private Sub Command1_Click()
Picture3.BackColor = RGB(255, 255, 255)
BX=1
BY =1
For Bj =1 To 350 Step 1
For Bi =1 To 350 Step 1
If lum < BSH(1, 1) Then
Picture3.PSet (BX, BY), RGB(0, 0, 0)
Elself lum > BSH(1, 1) Or lum = BSH(1, 1) Then
Picture3.PSet (BX, BY), RGB(255, 255, 255)
End If
BX=BX+1
If lum < BSH(1, 2) Then
Picture3.PSet (BX, BY), RGB(0, 0, 0)
Elself lum > BSH(1, 2) Or lum = BSH(1, 2) Then
Picture3.PSet (BX, BY), RGB(255, 255, 255)
End If
BX=BX+1
If lum < BSH(1, 3) Then
Picture3.PSet (BX, BY), RGB(0, 0, 0)
Elself lum > BSH(1, 3) Or lum = BSH(1, 3) Then
Picture3.PSet (BX, BY), RGB(255, 255, 255)
End If
BX=BX+1
If lum < BSH(1, 4) Then
Picture3.PSet (BX, BY), RGB(0, 0, 0)
Elself lum > BSH(1, 4) Or lum = BSH(1, 4) Then
Picture3.PSet (BX, BY), RGB(255, 255, 255)
End If
BX=BX+1
Next Bi
BY=BY +1
BX=1
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For Bi =1 To 350 Step 1
If lum < BSH(2, 1) Then
Picture3.PSet (BX, BY), RGB(0, 0, 0)
Elself lum > BSH(2, 1) Or lum = BSH(2, 1) Then
Picture3.PSet (BX, BY), RGB(255, 255, 255)
End If
BX=BX+1
If lum < BSH(2, 2) Then
Picture3.PSet (BX, BY), RGB(0, 0, 0)
Elself lum > BSH(2, 2) Or lum = BSH(2, 2) Then
Picture3.PSet (BX, BY), RGB(255, 255, 255)
End If
BX=BX+1
If lum < BSH(2, 3) Then
Picture3.PSet (BX, BY), RGB(0, 0, 0)
Elself lum > BSH(2, 3) Or lum = BSH(2, 3) Then
Picture3.PSet (BX, BY), RGB(255, 255, 255)
End If
BX=BX+1
If lum < BSH(2, 4) Then
Picture3.PSet (BX, BY), RGB(0, 0, 0)
Elself lum > BSH(2, 4) Or lum = BSH(2, 4) Then
Picture3.PSet (BX, BY), RGB(255, 255, 255)
End If
BX=BX+1
Next Bi
BY=BY +1
BX=1
For Bi =1 To 350 Step 1
If lum < BSH(3, 1) Then
Picture3.PSet (BX, BY), RGB(0, 0, 0)
Elself lum > BSH(3, 1) Or lum = BSH(3, 1) Then
Picture3.PSet (BX, BY), RGB(255, 255, 255)
End If
BX=BX+1
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If lum < BSH(3, 2) Then
Picture3.PSet (BX, BY), RGB(0, 0, 0)
Elself lum > BSH(3, 2) Or lum = BSH(3, 2) Then
Picture3.PSet (BX, BY), RGB(255, 255, 255)
End If
BX=BX+1
If lum < BSH(3, 3) Then
Picture3.PSet (BX, BY), RGB(0, 0, 0)
Elself lum > BSH(3, 3) Or lum = BSH(3, 3) Then
Picture3.PSet (BX, BY), RGB(255, 255, 255)
End If
BX=BX+1
If lum < BSH(3, 4) Then
Picture3.PSet (BX, BY), RGB(0, 0, 0)
Elself lum > BSH(3, 4) Or lum = BSH(3, 4) Then
Picture3.PSet (BX, BY), RGB(255, 255, 255)
End If
BX=BX+1
Next Bi
BY =BY +1
BX=1
For Bi =1 To 350 Step 1
If lum < BSH(4, 1) Then
Picture3.PSet (BX, BY), RGB(0, 0, 0)
Elself lum > BSH(4, 1) Or lum = BSH(4, 1) Then
Picture3.PSet (BX, BY), RGB(255, 255, 255)
End If
BX=BX+1
If lum < BSH(4, 2) Then
Picture3.PSet (BX, BY), RGB(0, 0, 0)
Elself lum > BSH(4, 2) Or lum = BSH(4, 2) Then
Picture3.PSet (BX, BY), RGB(255, 255, 255)
End If
BX=BX+1
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If lum < BSH(4, 3) Then
Picture3.PSet (BX, BY), RGB(0, 0, 0)
Elself lum > BSH(4, 3) Or lum = BSH(4, 3) Then
Picture3.PSet (BX, BY), RGB(255, 255, 255)
End If
BX=BX+1
If lum < BSH(4, 4) Then
Picture3.PSet (BX, BY), RGB(0, 0, 0)
Elself lum > BSH(4, 4) Or lum = BSH(4, 4) Then
Picture3.PSet (BX, BY), RGB(255, 255, 255)
End If
BX=BX+1
Next Bi
BY =BY +1
BX=1
Next Bj
End Sub
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Command?2

Private Sub Command?2_Click() ‘Command3
BSH(1, 1) = 0 * Val(Combol.Text)
BSH(1, 2) = 8 * Val(Combol.Text)
BSH(1, 3) = 2 * Val(Combol.Text)
BSH(1, 4) = 10 * Val(Combol.Text)
BSH(2, 1) = 12 * Val(Combol.Text)
BSH(2, 2) = 4 * Val(Combol.Text)
BSH(2, 3) = 14 * Val(Combol.Text)
BSH(2, 4) = 6 * Val(Combol.Text)
BSH(3, 1) = 3 * Val(Combol.Text)
BSH(3, 2) = 11 * Val(Combol.Text)
BSH(3, 3) = 1 * Val(Combol.Text)
BSH(3, 4) = 9 * Val(Combol.Text)
BSH(4, 1) = 15 * Val(Combol.Text)
BSH(4, 2) = 7 * Val(Combol.Text)
BSH(4, 3) = 13 * Val(Combol.Text)
BSH(4, 4) =5 * Val(Combol.Text)
Text2.Text = BSH(1, 1)

Text3.Text = BSH(1, 2)
Text4.Text = BSH(1, 3)
Text5.Text = BSH(1, 4)
Text6.Text = BSH(2, 1)
Text7.Text = BSH(2, 2)
Text8.Text = BSH(2, 3)
Text9.Text = BSH(2, 4)
Text10.Text = BSH(3, 1)
Textl1l.Text = BSH(3, 2)
Textl2.Text = BSH(3, 3)
Text13.Text = BSH(3, 4)
Text14.Text = BSH(4, 1)
Text15.Text = BSH(4, 2)
Text16.Text = BSH(4, 3)
Text17.Text = BSH(4, 4)
End Sub
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. Formi M= E3
Baver B
Baver
A==
Screwil)
Screw ) tio ﬂ——
SRRGERIEEE
DotConcentrate _
File Path
||::¥sa mpleb m;\
Command1l

General

| — | Label2

—— | Combol

Command2 7

Private Sub Textl Change()
OFname = Textl1.Text
End Sub
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Dim n As Long
Dim o As Long

Dim p As Byte

Dim x As Byte

Dim y As Byte

Dim WCD As Byte '
Dim BCD As Byte*
Dim tmp As Byte

Command1l

Private Sub Command1_Click()

Command1l.Caption ="

Open OFname For Binary As #1

Fori=1To54 Step 1

Get #1, , HAR
Hed(i) = HdR
Next i

WH =2~ 24 * Hed(22) + 2 ~ 16 * Hed(21) + 2 ~ 8 * Hed(20) + Hed(19)
HI =2~ 24 * Hed(26) + 2 ~ 16 * Hed(25) + 2 ~ 8 * Hed(24) + Hed(23)
ReDim lum(0 To WH, 0 To HI) As Byte '

ReDim Dot(0 To WH, 0 To HI) As Byte'
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Forj=1To HI
For k=1 To WH Step 1
Get #1, , Cblu
Get #1, , Cgre
Get #1, , Cred
lum(k, j) = (0.298912 * Cred + 0.586611 * Cgre + 0.114478 * Cblu)
Next k
Next j
Close #1

y=1
Form=1ToHI Step 1
Forl=1ToWH Step 1
If BSH(X, y) > lum(l, m) Then
Dot(l, m)=0
Else
Dot(l, m) =1
End If
If x =4 Then
x=1
Elself x <> 4 Then
X=x+1
End If
Next |
Ify=4Then
y=1
Elselfy <> 4 Then
y=y+1
End If

Next m
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WCD =0
BCD = 255

Open SFname For Binary As #2

Forp=1To54
Put #2, p, Hed(p)

Next p

Foro=1To HI Step 1
Forn=1ToWH Step 1

If Dot(n, 0) =1 Then

Put #2, , BCD
Put #2, , BCD
Put #2, , BCD
Else
Put #2, , WCD
Put #2, , WCD
Put #2, , WCD
End If
Next n
Next o
Close #2

52




Command?2

Private Sub Command?2_Click()’Command3
Label2.Caption = "Bayer"

SFname = "bayer.bmp"

BSH(1, 1) = 0 * Val(Combol.Text)
BSH(1, 2) = 8 * Val(Combol.Text)
BSH(1, 3) = 2 * Val(Combol.Text)
BSH(1, 4) = 10 * Val(Combol.Text)
BSH(2, 1) = 12 * Val(Combol.Text)
BSH(2, 2) = 4 * Val(Combol.Text)
BSH(2, 3) = 14 * Val(Combol.Text)
BSH(2, 4) = 6 * Val(Combol.Text)
BSH(3, 1) = 3 * Val(Combol.Text)
BSH(3, 2) = 11 * Val(Combol.Text)
BSH(3, 3) = 1 * Val(Combol.Text)
BSH(3, 4) = 9 * Val(Combol.Text)
BSH(4, 1) = 15 * Val(Combol.Text)
BSH(4, 2) = 7 * Val(Combol.Text)
BSH(4, 3) = 13 * Val(Combol.Text)
BSH(4, 4) =5 * Val(Combol.Text)
End Sub
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-4 VHDL Bayer

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL,;

entity Dither is
Port (rgb_red : in std_logic_vector(7 downto 0);

rgb_green : in std_logic_vector(7 downto 0);
rgb_blue : in std_logic_vector(7 downto 0);
CLK :in std_logic;
RST : in std_logic;
dth_out : out std_logic;
test_out : out std_logic_vector(11 downto 0));

end Dither;

architecture RTL of Dither is

signal int_lum :integer range 0 to 2550;
signal int_red :integer range 0 to 255;
signal int_green :integer range 0 to 255;
signal int_blue :integer range 0 to 255;

subtype Bayer is integer range 0 to 2240; --subtype

type mtx1 is array (1 to 4)of Bayer; --Dither
type mtx2 is array (1 to 4)of Bayer,;
type mtx3 is array (1 to 4)of Bayer;
type mtx4 is array (1 to 4)of Bayer,;
constant bayerl : mtx1 :=(0,1280,320,1600); --
constant bayer2 : mtx2 :=(1920,640,2240,960);
constant bayer3 : mtx3 :=(480,1760,160,1440);
constant bayer4 : mtx4 :=(240,1120,2080,800);

begin
process(CLK,RST)begin

if(RST="1"then
null;

elsif(CLK'event and CLK="1")then
int_red<=CONV_INTEGER(rgb_red);
int_green<=CONV_INTEGER(rgb_green);
int_blue<=CONV_INTEGER(rgb_blue);

Bayer

int_lum<=(int_red * 3) + (int_green * 6) + int_blue; --
test_out<=CONV_STD_LOGIC_VECTOR(int_lum,12):

for y in 0 to 59 loop
for iin 0 to 79 loop
if (int_lum>bayer1(1)) then
dth_out<='0";
else
dth_out<="1"
end if;
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if (int_lum>bayer1(2)) then
dth_out<='0";
else
dth_out<="1";
end if;
if (int_lum>bayer1(3)) then
dth_out<='0";
else
dth_out<="1";
end if;
if (int_lum>bayer1(4)) then
dth_out<='0";
else
dth_out<="1";
end if;
end loop;
for iin O to 79 loop
if (int_lum>bayer2(1)) then
dth_out<='0";
else
dth_out<="1";
end if;
if (int_lum>bayer2(2)) then
dth_out<='0"
else
dth_out<='1";
end if;
if (int_lum>bayer2(3)) then
dth_out<='0"
else
dth_out<="1";
end if;
if (int_lum>bayer2(4)) then
dth_out<='0"
else
dth_out<="1";
end if;
end loop;
for iin O to 79 loop
if (int_lum>bayer3(1)) then
dth_out<='0";
else
dth_out<='1";
end if;
if (int_lum>bayer3(2)) then
dth_out<='0";
else
dth_out<='1";

end if;
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if (int_lum>bayer3(3)) then
dth_out<='0";
else
dth_out<="1";
end if;
if (int_lum>bayer3(4)) then
dth_out<='0";
else
dth_out<="1";
end if;
end loop;
foriin O to 79 loop
if (int_lum>bayer4(1)) then
dth_out<='0";
else
dth_out<="1";
end if;
if (int_lum>bayer4(2)) then
dth_out<='0";
else
dth_out<="1";
end if;
if (int_lum>bayer4(3)) then
dth_out<='0"
else
dth_out<='1";
end if;
if (int_lum>bayer4(4)) then
dth_out<='0"
else
dth_out<="1";
end if;
end loop;
end loop;
end if;
end process;

end RTL;
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LIBRARY ieee;
USE ieee.std_logic_1164.ALL;
USE ieee.numeric_std.ALL,;

ENTITY testbench IS
END testbench;

ARCHITECTURE behavior OF testbench IS

COMPONENT dither
PORT(
rgb_red : IN std_logic_vector(7 downto 0);
rgb_green : IN std_logic_vector(7 downto 0);
rgb_blue : IN std_logic_vector(7 downto 0);
CLK : IN std_logic;
RST : IN std_logic;
dth_out : OUT std_logic;
test_out : OUT std_logic_vector(11 downto 0)
);
END COMPONENT;

SIGNAL rgb_red : std_logic_vector(7 downto 0);
SIGNAL rgb_green : std_logic_vector(7 downto 0);
SIGNAL rgb_blue : std_logic_vector(7 downto 0);
SIGNAL CLK : std_logic;

SIGNAL RST : std_logic;

SIGNAL dth_out: std_logic;

SIGNAL test_out : std_logic_vector(11 downto 0);
constant STEP :time :=20ns;

BEGIN

uut: dither PORT MAP(
rgb_red =>rgb_red,
rgb_green =>rgb_green,
rgb_blue => rgb_blue,
CLK => CLK,
RST => RST,
dth_out => dth_out,
test_out => test_out

);

-- *** Test Bench - User Defined Section ***
tb : PROCESS --CLK Pals
BEGIN
CLK<='0";
wait for STEP;CLK<="1";
wait for STEP;
END PROCESS;
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process --RST pals

begin
RST<="1";
wait for STEP*2;RST<="0;
wait;

end process;

process
begin
wait for STEP *1;rgb_red<="11111111";rgb_green<="11111111"
rgb_blue<="11111111",
wait for STEP *5;rgb_red<="00000000";
wait for STEP *5;rgb_green<="00000000";
wait for STEP *5;rgb_blue<="00000000";
wait for STEP;

end process;
-- *** End Test Bench - User Defined Section ***

END;
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Synthesis Report

Synthesizing Unit <dither>.

Related source file is C:/xilinx_webpack/bin/Dither/Dither.vhd.
Found 1-bit register for signal <dth_out>.

Found 12-bit register for signal <test_out>.

Found 12-bit comparator greater for signal <$n0002> created at line 125.
Found 8x2-bit multiplier for signal <$n0003> created at line 40.
Found 8x3-bit multiplier for signal <$n0005> created at line 40.
Found 11-bit adder carry out for signal <$n0006> created at line 40.
Found 10-bit adder carry out for signal <$n0007>.

Found 8-bit register for signal <int_blue>.

Found 8-bit register for signal <int_green>.

Found 12-bit register for signal <int_lum>.

Found 8-bit register for signal <int_red>.

Summary:

inferred 49 D-type flip-flop(s).

inferred 2 Adder/Subtracter(s).

inferred 2 Multiplier(s).
inferred 1 Comparator(s).

Unit <dither> synthesized.

HDL Synthesis Report

Macro Statistics
# Registers
8-bit register
12-bit register
1-bit register
# Adders/Subtractors
11-bit adder carry out
10-bit adder carry out
# Multipliers
8x2-bit multiplier
8x3-bit multiplier
# Comparators

12-bit comparator greater
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Performance Summary Report

Design: dither

Device: XC95144-7-PQ100

Speed File: Version 3.0

Program: Timing Report Generator: version E.32
Date: Thu Jan 31 20:14:05 2002

Performance Summary:

Clock net 'clk’ path delays:

Clock Pad to Output Pad (tCO) : 4.5ns (1 macrocell levels)
Clock Pad ‘clk' to Output Pad 'dth_out' (GCK)
Clock to Setup (tCYC) : 72.5ns (6 macrocell levels)
Clock to Q, net 'int_red_2.Q' to DFF Setup(D) at'int_lum_10.D' (GCK)
Setup to Clock at the Pad (tSU) : 6.5ns (0 macrocell levels)
Data signal 'rst' to DFF D input Pin at 'int_ Ium 11.D'

Clock pad ‘clk’
(GCK)

Minimum Clock Period: 72.5ns
Maximum Internal Clock Speed: 13.7Mhz
(Limited by Cycle Time)
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-5 VHDL Run Length Encoder

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL,;

entity RLE_Enc is
Port (CLK : in std_logic;
RST : in std_logic;
IN_D : instd_logic_vector(7 downto 0);
OUT_D : out std_logic_vector(7 downto 0);
OUT _R : out std_logic_vector(7 downto 0));
end RLE_Enc;

architecture RTL of RLE_Enc is

signal BUF_A,BUF_B : std_logic_vector(7 downto 0);
signal CNT_A: std_logic_vector(7 downto 0);

begin
process (CLK,RST) begin
if (RST="1") then
CNT_A <="00000000";
elsif (CLK'event and CLK="'1") then
BUF _A<=IN_D;
if (BUF_A =BUF_B) then
if CNT_A="11111111") then
OUT_R <="11111111";
OUT_D <=BUF_A;
CNT_A <= "00000000";
else
CNT_A<=CNT_A+'1,
end if;
else
OUT R <=CNT_A;
OUT _D <= BUF _B;
CNT_A <="00000000";
BUF B <= BUF_A;
end if;
end process;

end RTL;
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LIBRARY ieeeg;
USE ieee.std_logic_1164.ALL;
USE ieee.numeric_std.ALL,;

ENTITY testbench IS
END testbench;

ARCHITECTURE behavior OF testbench IS

COMPONENT rle_enc
PORT(
CLK : IN std_logic;
RST : IN std_logic;
IN_D : IN std_logic_vector(7 downto 0);
OUT_D : OUT std_logic_vector(7 downto 0);
OUT_R: OUT std_logic_vector(7 downto 0)
)i

END COMPONENT;

SIGNAL CLK : std_logic;

SIGNAL RST : std_logic;

SIGNAL IN_D : std_logic_vector(7 downto 0);
SIGNAL OUT _D: std_logic_vector(7 downto 0);
SIGNAL OUT_R: std_logic_vector(7 downto 0);
constant STEP : time := 20ns;

BEGIN

uut: rle_enc PORT MAP(
CLK => CLK,
RST => RST,
IN_D=>IN_D,
OUT_D => OUT_D,
OUT R=>0UT_R

);

-- *** Test Bench - User Defined Section ***
tb : PROCESS -- CLOCK PALS
BEGIN

CLK <='0%;

wait for STEP; CLK <="1";

wait for STEP;

-- wait; -- will wait forever
END PROCESS;

process -- RESTE PALS
begin
RST <="1";
wait for STEP*2; RST <='0';
wait;
end process;
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process

begin
wait for STEP *5; IN_D <="00000000";
wait for STEP * 5; IN_D <="11111111";

wait for step;
end process;
-- *** End Test Bench - User Defined Section ***

END;

Synthesis Report

Synthesizing Unit <rle_enc>.
Related source file is C:/xilinx_webpack/bin/RLE_Enc/RLE_Enc.vhd.
Found 8-bit register for signal <out_d>.
Found 8-bit register for signal <out_r>.
Found 8-bit comparator equal for signal <$n0007> created at line 25.
Found 8-bit adder for signal <$n0011> created at line 31.
Found 8-bit register for signal <buf_a>.
Found 8-bit register for signal <buf_b>.
Found 8-bit register for signal <cnt_a>.
Found 8 1-bit 2-to-1 multiplexers.
Summary:
inferred 40 D-type flip-flop(s).
inferred 1 Adder/Subtracter(s).
inferred 1 Comparator(s).
inferred 8 Multiplexer(s).
Unit <rle_enc> synthesized.

HDL Synthesis Report

Macro Statistics

# Registers :5
8-bit register :5

# Multiplexers 01
2-to-1 multiplexer 01

# Adders/Subtractors o
8-bit adder 01

# Comparators 01
8-bit comparator equal 01
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Performance Summary Report

Design: rle_enc

Device: XC95144-7-PQ100

Speed File: Version 3.0

Program: Timing Report Generator: version E.32
Date: Fri Nov 16 08:22:07 2001

Performance Summary:
Clock net 'clk’ path delays:

Clock to Setup (tCYC) : 8.0ns (1 macrocell levels)
Clock to Q, net 'buf_a 0.Q' to DFF Setup(D) at '‘buf_a_0.D' (GCK)
Target FF drives output net 'buf_a_0

Setup to Clock at the Pad (tSU) : 5.5ns (0 macrocell levels)
Data signal 'rst' to DFF D input Pin at buf a 0.D'

Clock pad ‘clk’
(GCK)

Minimum Clock Period: 8.0ns
Maximum Internal Clock Speed: 125.0Mhz

(Limited by Clock Pulse Width)
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-6 Run Length Encoder

. 7S H|
- — . .
|§E: EEHIMDCT3¥SHARE] =] Private Sub Drivel_Change()

Dirl.Path = Drivel.Drive

Hfiles ;I
=5 program End Sub
=5 RLEencode \I\

| & TESTPRG R4 \
Private Sub Dirl_Change()

\ Filel.Path = Dirl.Path
End Sub

Private Sub Filel Click()
If Right(Dirl.Path, 1) = "¥" Then
Fname = Dirl.Path & Filel.filename

Command1l Else

Fname = Dirl.Path & "¥" & Filel.filename
End If
End Sub

General

Dim Cnt As Long

Dim i As Long

Dim BufA

Dim BufB

Dim PrvA

Dim PrvCnt As Long

Dim AIICntB As Long

Dim EndCnt As Long

Dim Ans(1 To 8) As Currency
Dim ModAns(1 To 8) As Byte
Dim AAA

Dim BBB

Dim Fname As String
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Command1l

Private Sub Command1_Click()
Command1.Caption ="
If Fname ="" Then
ret = MsgBox(" " 48, "

Else
Cnt=0"
PrvCnt=0
AlICntA=0
AlICntB =0
Open Fname For Input As #1
Open Fname & ".RLE" For Append As #2
Do Until EOF(1)
i=i+1
Line Input #1, BufA
If BUufA Xor BufB Then
PrvA = BufB'
BufB = BuUfA'
PrvCnt=Cnt+1"'
AlICntB = AlICntB + PrvCnt
Cnt=0"
ModAns(1) = PrvCnt Mod 2
If ModAns(1) =1 Then
Ans(1)=PrvCnt/2-0.5
Else
Ans(1) =PrvCnt/ 2
End If
ModAns(2) = Ans(1) Mod 2
If ModAns(2) =1 Then
Ans(2) =Ans(1)/2-0.5
Else
Ans(2) = Ans(1) / 2
End If
ModAns(3) = Ans(2) Mod 2
If ModAns(3) =1 Then
Ans(3) =Ans(2)/2-0.5
Else
ANns(3) = Ans(2)/ 2
End If
ModAns(4) = Ans(3) Mod 2
If ModAns(4) =1 Then
Ans(4) =Ans(3)/2-0.5
Else
Ans(4) = Ans(3) / 2

End If
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ModAns(5) = Ans(4) Mod 2
If ModAns(5) =1 Then
Ans(5) =Ans(4)/2-0.5
Else
Ans(5) = Ans(4) / 2
End If
ModAns(6) = Ans(5) Mod 2
If ModAns(6) = 1 Then
Ans(6) =Ans(5)/2-0.5
Else
Ans(6) = Ans(5) / 2
End If
ModAns(7) = Ans(6) Mod 2
If ModAns(7) =1 Then
Ans(7) =Ans(6) /2 - 0.5
Else
Ans(7) = Ans(6) / 2
End If
ModAns(8) = Ans(7) Mod 2
If ModANns(8) =1 Then
Ans(8) =Ans(7)/2-0.5
Else
Ans(8) =Ans(7)/ 2
End If
AAA = ModAns(8) & ModAns(7) & ModAns(6) & ModAns(5);
& ModAns(4) & ModAns(3) & ModAns(2) & ModAns(1)
If PrvA=""Then
Else
Print #2, PrvA & " " & AAA
End If
Elself EOF(1) Then'
EndCnt = (i - AlICntB) + 1
ModAns(1) = EndCnt Mod 2
If ModAns(1) =1 Then
Ans(1) = EndCnt/2-0.5
Else
Ans(1) = EndCnt/ 2
End If
ModAns(2) = Ans(1) Mod 2
If ModAns(2) =1 Then
Ans(2) =Ans(1)/2-0.5
Else
Ans(2) =Ans(1) / 2
End If
ModAns(3) = Ans(2) Mod 2
If ModAns(3) =1 Then
Ans(3)=Ans(2)/2-0.5
Else
Ans(3) = Ans(2) / 2
End If
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ModAns(4) = Ans(3) Mod 2
If ModAns(4) =1 Then
Ans(4) =Ans(3)/2-0.5
Else
Ans(4) =Ans(3)/ 2
End If
ModAns(5) = Ans(4) Mod 2
If ModAns(5) =1 Then
Ans(5) =Ans(4)/2-0.5
Else
Ans(5) =Ans(4) /2
End If
ModAns(6) = Ans(5) Mod 2
If ModAns(6) =1 Then
Ans(6) =Ans(5)/2-0.5
Else
Ans(6) = Ans(5) / 2
End If
ModAns(7) = Ans(6) Mod 2
If ModAns(7) =1 Then
Ans(7) =Ans(6)/2-0.5
Else
Ans(7) = Ans(6) / 2
End If
ModAns(8) = Ans(7) Mod 2
If ModAns(8) =1 Then
Ans(8) =Ans(7)/2-0.5
Else
ANns(8) = Ans(7) / 2
End If

BBB = ModAns(8) & ModAns(7) & ModAns(6) & ModAns(5);
& ModAns(4) & ModAns(3) & ModAns(2) & ModAns(1)
Print #2, BUfA & " " & BBB
Else
Cnt=Cnt+1
End If
Loop
Close #1, #2
End If
Command1l.Caption ="

End Sub
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