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ADPCM VHDL

(WINDOWS)

(WINDOWS)



bit 44.1
44100

16 X 6



bit



Adaptive Differential Pulse Code Modulation

PCM ADPCM
ADPCM( PCM)
PCM
PCM ADPCM
Adaptive Transform Acoustic Coding
CCITT A-Law
CCITT G.711



CCITT p-Law
CCITT G.711

CELP code-excited linear prediction
CELP

MPEG1 Audio Layer-3
MPEG1 1/20 1/10

/16bit/44.1kHz  CD
128kbps

TwinVQ Transform-domain weighted interleave Vector Quantization
NTT MP3
CD 1/18 MP3



ATRAC

CCITT A-Law

CCITT p-Law

CELP

MP3

TwinVQ

ADPCM

PCM




byte

00 | 01]02|03]04]05][06]|07 08]09 [0A]0B]|0OC|0D|OE|OF

00 |52]49]46]46 57|41 |56 |45 ]66 |6D |74 |20

RIFF -8 WAVE fmt
01 |10]00]00]o0]01]00]02]00]44][AC]|00 |00 10 |B1]02]00
fmt 44100(
)
02 |o4lo0|10]00|64]61]74]61]| | | ] ]
16(bit )
bit
4 Byte RIFF
4 Byte
4 Byte WAVE WAVE
4 Byte fmt fmt
4 Byte Fmt 10 00 00 00
2 Byte
2 Byte 0200 0100
4 Byte 44100 44 AC 00 00
4 Byte 44100Hz16bit
44100%2*2=176400(10 B1 02 00)

2 Byte 16bit 2%2=4(0400)
2 Byte 16bit 10 00
4 Byte Data
4 Byte




0x0000

Unknown

0x0001

PCM

0x0002

MS ADPCM

0x0005

IBM CSVD

0x0006

A-Law

0x0007

p-Law

0x0010

OKI ADPCM

0x0011

IMA/DVI ADPCM

0x0012

MediaSpace ADPCM

0x0013

Sierra ADPCM

0x0014

ADPCM (G.723)

0x0015

DIGISTD

0x0016

DIGIFIX

0x0020

YAMAHA ADPCM

0x0021

SONARC

0x0022

TrueSpeech

0x0023

Echo Speechl

0x0024

AF36 (Audiofile)

0x0025

Apix

0x0026

AF10 (Audiofile)

0x0030

AC2 (Dolby)

0x0031

GSM 6.10

0x0033

ANTEX ADPCM

0x0034

VQLPC (Control Resources)

0x0035

DIGIREAL

0x0036

DIGIADPCM

0x0037

CR10 (Control Resources)

0x0040

ADPCM (G.721)

0x0101

IBM p-LAW

0x0102

IBM A-LAW

0x0103

IBM ADPCM

0x0200

Creative Labs ADPCM

0x0300

FM TOWNS

0x1000

Olivetti GSM

0x1001

Olivetti ADPCM

0x1002

Olivetti CELP

0x1003

Olivetti SBC

0x1004

Olivetti OPR




bit bit
bit (unsigned) , bit
(signed) , )

239

128

a2767

32768
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Visual Basic

3-8hit

ADPCM

bit

3bit

8 32767(

11

bit

q

16bit



8,9, 10, 11, 12, 13, 14, 16, 17,19, 21, 23, 25, 28, 31, 34, 37, 41, 45,50, 55, 60, 66, 73,
80, 88, 97, 107, 118,130, 143, 157, 173, 190, 209, 230, 253, 279, 307,337, 371, 408,
449, 494, 544, 598, 658, 724, 796,876, 963, 1060, 1166, 1282, 1411, 1552, 1707,
1878, 2066,2272, 2499, 2749, 3024, 3327, 3660, 4026, 4428, 4871, 5358,5894, 6484,
7132, 7845, 8630, 9493, 10442, 11487, 12635, 13899,15289, 16818, 18500, 20350,
22385, 24623, 27086, 29794, 32767

bit
0000 or 1000 -1
0001 or 1001 -1
0010 or 1010 -1
0011 or 1011 -1
0100 or 1100 +2
0101 or 1101 +4
0110 or 1110 +6
0111 or 1111 +8
000 or 100 -1
001 or 101 -1
010 or 110 +2
011 or 111 +4

Visual Basic
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stepsize(1, 1) =8

stepsize(2,1) =9

stepsize(3, 1) = 10
stepsize(4, 1) = 11
stepsize(5, 1) = 12
stepsize(6, 1) = 13
stepsize(7, 1) = 14
stepsize(8, 1) = 16
stepsize(9, 1) = 17

ENC
stadr=
Combol.Text= Combol.Text/16

If ENC(Combol.Text - 2) =0 Then

Stadr = stadr - 1
Else
stadr = stadr + 2

If Combol.Text =3 Then
If ENC(Combol.Text —3) = 1 Then stadr = stadr + 2
Else
If ENC(Combol.Text - 3) = 1 Then stadr = stadr + 4
If ENC(Combol.Text - 4) = 1 Then stadr = stadr + 2
End If
End If

2bit -1
bit

13

bit



If stadrL <1 Then stadrL =1
If stadrL > 88 Then stadrL = 88

bit

sabun =

old =

decode =

LO

stepsize=

N= N/16

sabun = stepsize+ 2" +

N-1

3" (stepsizex L(N —k) + 2<)

k=1
decode = old + sabun x —1-™)

Visual Basic

stepsize(stadr, N) = stepsize+ 2"

14



Forl=1To 88
stepsize(l, 2) = stepsize(l, 1) ¥ 2
stepsize(l, 3) = stepsize(l, 1) ¥4
stepsize(l, 4) = stepsize(l, 1) ¥ 8
stepsize(l, 5) = stepsize(l, 1) ¥ 16
stepsize(l, 6) = stepsize(l, 1) ¥ 32
stepsize(l, 7) = stepsize(l, 1) ¥ 64
stepsize(l, 8) = stepsize(l, 1) ¥ 128

Next |

Visual Basic
ENCL = (Combil.Text bit)
Combol.Text = Combol.Text /16
sabun =
decode =

stadr =

Foril=1To Combol.Text- 1
sabun = sabun + stepsize(stadr, i1) * ENCL(Combol.Text-il- 1)
Next il
sabun = sabun + stepsize(stadr, Combol.Text)
If ENCL(Combol.Text - 1) = 1 Then sabun = sabun * -1

decode = decode + sabun

If decode > 37267 Then decode = 37267
If decode < -37267 Then decode = -37267

15



STEPSIZE(STEPADR)

subtype STEPU is std_logic_vector(15 downto 0);
type STEPSZ isarray (0 to 87) of STEPU;
constant STEPSIZE : STEPSZ := (
*(0000000000001000",

*(0000000000001001",

*(0000000000001010",

);
variable STEP: std logic_vector(15 downto 0);
variable STEPADR : integer range 0 to 87 :=0;

if (N=3) then
case A((N-2) downto (N-3)) is
when"10" =>K = 2;
when"11" =>K = 4;
when others => K :=-1,
end case;
else
case A((N-2) downto (N-4)) is
when "100" => K = 2;
when "101" => K :=4;
when "110" => K :=6;
when"111" =>K :=8§;
when others => K :=-1;
end case;
end if;

16



bit bit bit

forl'in2to N loop
if (A(N-1)="1") then
if (1I=2) then
SAB = STEP;
else
SAB := SAB + (ZERO(I-3 downto 0) & STEP ( 15 downto I-2));
end if;
endif;
end loop;
SAB := SAB + ("000" & STEP (15 downto 3));

17




=+iwave — default aLl M_

File Edit GCurzor Zoom Bookmark  Format  Window

=E& sBR LK lof H®GQQ@  EF EEERSR

22764

e

200 400 EO0 200 1nz

0 pz

+ A I Y |

|

i
I_mn_m_”_ﬂ_“ trrrbrrrrrrrrerlbrrrrrrrrerbrrrrrerrerbrrrerrrrrrbrrrrrrrrrtbrrrrrrrrrbrrrrrrrrrbrrrrrrrrrbrrrrrrrrrbrrrrrrr ______-
]

96 ps to 1163 ps
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clk

nyuuryoku
syuturyoku
sabun
stepsize
3
Clk nyuuryoku syuturyoku sabun Stepsize
1 1001 32766 3 8
2 1001 32763 3 8
3 1000 32762 1 8

sabun=8x0+4x0+2x1+1x1=3

sabun=3x(-1) =-3
syuturyoku = 32766 — 3= 32763

sabun=8x0+4x0+2x0+1x1=1

sabun=1x(-1)=-1
syuturyoku = 32763—1= 32762

19




Visual Basic

16hit —
ADPCM
bit bit
X= bit
D=
Stepsize =
D x 2N
stepsize 10

ADPCM

20

3-8hit

ADPCM



Visual Basic
ENC
diff=
stadr=
Combol.Text= Combol.Text/16

Foril=1To Combol.Text- 1

If diffL >= stepsize(stadr, i1) Then ENC(Combol.Text - i1 - 1) = 1: diff = diff -
stepsize(stadr, i1)
Nextil

bit

D:= (not X(15) & X(14 downto 0));
HANTEI := ('1' & D) - ('0' & GENZALI);
if (HANTEI(16)="1") then
D :=D - GENZAI;
L(N-1) :='0;
else
D := GENZAI - D;
L(N-1) :="1;
end if;

21



forlin2to N loop
HANTEI := ('1' & D) - (ZERO(N-2 downto 0) & STEP(15 downto N-2));
if (HANTEI(16) ='1) then
L(N-1) :="1}
D := HANTEI (15 downto 0);
else
L(N-1):='0}
end if;

end loop;

bit bit
output

22

bit



==+t wave — default . =10 x|

Eile Edit Curzor Zoom Bookmark Format  Window
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i
I ps 2010 400 B0 800 1 hs
_”_m ps o =

4 L3 4_ v—

0 ps to 1154 ps e

I
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CLK ENCODE sabun stepsize ADPCM IN
1 1111 15 8 1231 520
2 1111 31 17 1200 329
3 1111 68 37 1132 295
sabun = stepsize+ 2" +

N-1

Z(stepsizex L(N —K)+ Zk_l)

k=1
D =329-1231=-902
ENCODE = D =+ stepsize=-902/17 = -53
ENCODE ENCODE

1BIT
111

sabun = stepsize+ 2" +

N-1

3 (stepsizex L(N —k) + 2%)

k=1

sabun =31

ADPCM =1231-31=1200

24




1111

D =295-1200 = -905
ENCODE = D -+ stepsize=-905/37=-24
ENCODE ENCODE
1BIT
111

sabun = 68
ADPCM =1200-68=1132

1111

25



Visual Basic

Visual Basic 1.5Ghz
1x 100
Visual Basic
ADPCM bit 16bit
bit
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bit

i
7 apad ] 66T s 1478
378 1984
22060 12458
bit
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bit

bit
bit
bit bit
4pit bit
bit
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[1]
[2]
[3]
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Basic VHDL

(General) (Declarations)

Option Explicit

Dim| AsLong

Dimil AsInteger

Dim stepsize(1 To 88, 1 To 8) As Integer
Dim SizeB(1 To 4) AsByte
Dim Size AsLong

Dim WAVL(1To 2) AsByte
Dim WAVR(1 To 2) AsByte
Dim WAVLTEN AsLong
Dim WAVRTEN AsLong
Dim decodel. AsLong

Dim decodeR AsLong

Dim tempL As Integer

Dim tempR As Integer

Dim sizesyutokulL As String
Dim sizesyutokuR As String
Dim syokilL (1 To 16) AsByte
Dim syokiR(1 To 16) As Byte
Dim syutuL As String

Dim syutuR As String

Dim diffL AsLong

Dim diffR AsLong

Dim stadrL As Integer

Dim stadrR As Integer

Dim ENCL(0 To 7) AsByte
Dim ENCR(0 To 7) AsByte
Dim Lsabun AsLong

Dim Rsabun As Long

Dim OpenForms As Integer
Dim temp2L As String

32




Dim temp2R As String

Dim yomikomiL As String
Dim yomikomiR As String
Dim decodewavsize AsLong
Dim decodesize AsLong
Dim decsyutulL AsLong
Dim decsyutuR As Long
Dim nagasa As Integer

Dim hexmael. AsLong

Dim hexmaeR As Long

Dim hexL As String

Dim hexR As String

Dim hexsize As String

Dim headhexsize As String
DimDECL(0 To 7) AsByte
Dim DECR(0 To 7) As Byte
Dim hexsyutu As String
Dim hexyou As Byte

syokilL(16) =0
syokiR(16) =0
stadrL =1
stadrR =1

Forl=1To88
stepsize(l, 2) = stepsize(l, 1) ¥ Text3.Text
stepsize(l, 3) = stepsize(l, 1) ¥ Textd. Text
stepsize(l, 4) = stepsize(l, 1) ¥ Text5. Text
stepsize(l, 5) = stepsize(l, 1) ¥ Text6.Text
stepsize(l, 6) = stepsize(l, 1) ¥ Text7.Text
stepsize(l, 7) = stepsize(l, 1) ¥ Text8.Text
stepsize(l, 8) = stepsize(l, 1) ¥ Text9.Text

Next |
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Open “in.wav” For Binary Access Read As#1
‘wav
Get #1, 41, SizeB(1)
Get #1, 42, SizeB(2)
Get #1, 43, SizeB(3)
Get #1, 44, SizeB(4)
Size = SizeB(1) + (SizeB(2) * 256) + SizeB(3) * 65536 + SizeB(4) * 16777216
Text2.Text = Size

Forl =45To Size+ 45 Step 4

Lsabun=0

Rsabun=0

Foril=0To Combol.Text- 1
ENCL(i1) = 0: ENCR(i1) =0

Next il

OpenForms = DoEvents
Textl.Text=1

Get #1, |, WAVL(1)

Get#1, | + 1, WAVL(2)
Get #1, | + 2, WAVR(1)
Get #1, | + 3, WAVR(2)

sizesyutokuL = WAVL(2)
sizesyutokuR = WAV R(2)
WAVLTEN = (sizesyutokuL * 256) + WAVL(1)
If WAVLTEN >= 32769 Then WAVLTEN = WAVLTEN - 65536: syokiL(16) =1
WAVRTEN = (sizesyutokuR * 256) + WAVR(2)
If WAVRTEN >= 32769 Then WAVRTEN = WAVRTEN - 65536: syokiR(16) = 1




If 1 =45 Then

Else

diffL = diffL -

diffR = diffR -

decodel. = WAVLTEN
decodeR = WAVRTEN

Foril=1To15
If i1 =1 Then tempL = Abs(WAVLTEN): tempR = Abs(\WAVRTEN)
syokiL (i1) = tempL Mod 2: tempL = tempL ¥ 2
syokiR(i1) = tempR Mod 2: tempR = tempR ¥ 2

Nextil

Foril=16To1l Step-1
syutuL = syutuL & syokil (i1)
SyutuR = syutuR & syokiR(i1)
Nextil

diffL = WAVLTEN - decodeL
diffR = WAVRTEN - decodeR
If diffL <0 Then ENCL(Combol.Text - 1) = 1: diffL = diffL * -1
If diffR <0 Then ENCR(Combol.Text - 1) = 1: diffR = diffR* -1

Foril=1To Combol.Text- 1

If diffL >= stepsize(stadrL, i1) Then ENCL(Combol.Text-il-1) =1:
stepsize(stadrL, il)

If diffR >= stepsize(stadrR, i1) Then ENCR(Combol.Text-il1- 1) =1:
stepsize(stadrR, i1)
Nextil

Foril=Combol.Text-1To O Step -1
syutuL = syutuL & ENCL(i1)
syutuR = syutuR & ENCR(i1)

Nextil
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Foril=1To Combol.Text- 1
Lsabun = Lsabun + stepsize(stadrL, i1) * ENCL(Combol.Text - il - 1)
Rsabun = Rsabun + stepsize(stadrR, i1) * ENCR(Combol.Text - il - 1)
Nextil

Lsabun = Lsabun + stepsize(stadrL, Combol.Text)

If ENCL(Combol.Text - 1) = 1 Then Lsabun = Lsabun * -1
Rsabun = Rsabun + stepsize(stadrL, Combol. Text)

If ENCR(Combol.Text - 1) = 1 Then Rsabun = Rsabun * -1
decodel = decodel + Lsabun

decodeR = decodeR + Rsabun

If decodel > 37267 Then decodel = 37267

If decodeR > 37267 Then decodeR = 37267

If decodel < -37267 Then decodel = -37267

If decodeR < -37267 Then decodeR = -37267

If Combol.Text =3 Then

If ENCL(Combol.Text - 2) =0 Then
stadrlL = stadrL - 1

Else
stadrL = stadrL + 2
If ENCL(Combol.Text - 3) = 1 Then stadrL = stadrL + 2
End If
Else
If ENCL(Combol.Text - 2) =0 Then
stadrL = stadrL - 1
Else
stadrL = stadrL + 2
If ENCL(Combol.Text - 3) = 1 Then stadrL = stadrL. + 4
If ENCL(Combol.Text - 4) = 1 Then stadrL = stadrL + 2
End If
End If
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If stadrL <1 ThenstadrL =1
If stadrL > 88 Then stadrL = 88

If Combol.Text =3 Then

If ENCR(Combol.Text - 2) =0 Then
stadrR = stadrR - 1

Else
stadrR = stadrR + 2
If ENCR(Combol.Text - 3) = 1 Then stadrR = stadrR + 2
End If
Else
If ENCR(Combol.Text - 2) =0 Then
stadrR = stadrR - 1
Else
stadrR = stadrR + 2
If ENCR(Combol.Text - 3) = 1 Then stadrR = stadrR + 4
If ENCR(Combol.Text - 4) = 1 Then stadrR = stadrR + 2
End If
End If

If stadrR <1 ThenstadrR=1

If stadrR > 88 Then stadrR = 88

If | =49 Then

Open "syutuL .txt" For Output As#2
Print #2, syutuL;

Close #2
syutuL =
Open "syutuR.txt" For Output As #2

Print #2, syutuRr,;

Close #2

SyutuR =""

If (1 Mod 10000) - Combol.Text < 0 Then
Open "syutuL.txt" For Append As#2
Print #2, syutuL;
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Close #2
syutuL =
Open "syutuR.txt" For Output As #2
Print #2, syutuR,;

Close #2

SyutuR =""

End If

If (1 Mod 10000) - Combol.Text < 0 Then
Open "syutuL.txt" For Append As#2
Print #2, syutuL;

Close #2

syutuL =""

Open "syutuR.txt" For Append As #2
Print #2, syutuR,;

Close #2

SyutuR =""

End If

End If

Next |
Open "syutuL.txt" For Append As#2
Print #2, syutuL;
Close #2
syutuL =""
Open "syutuR.txt" For Append As#2
Print #2, syutuR,;
Close #2
SyutuR =""

Close #1

End Sub
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Forl=1To88
stepsize(l, 2) = stepsize(l, 1) ¥ Text3.Text
stepsize(l, 3) = stepsize(l, 1) ¥ Text4. Text
stepsize(l, 4) = stepsize(l, 1) ¥ Text5. Text
stepsize(l, 5) = stepsize(l, 1) ¥ Text6.Text
stepsize(l, 6) = stepsize(l, 1) ¥ Text7.Text
stepsize(l, 7) = stepsize(l, 1) ¥ Text8.Text
stepsize(l, 8) = stepsize(l, 1) ¥ Text9.Text

Next |

yomikomiL =""

yomikomiR =""

Lsabun=0

Rsabun=0

decsyutuL =0

decsyutuR =0

stadrL =1

stadrR=1

decodesize = FileLen("syutuL .txt")

decodewavsize = (decodesize - 16 + Combol.Text) * (4 / Combol.Text)

Open “out.wav” For Binary Access Write As#3
Open "syutuL .txt" For Input As#1
yomikomiL = Input(16, #1)

Open "syutuR.txt" For Input As#2
yomikomiR = Input(16, #2)

Forl=2To 16

decsyutul = decsyutul + Mid(yomikomiL, I, 1) * (65536 / (2" 1))
Next |
If Mid(yomikomilL, 1, 1) = 1 Then decsyutuL = decsyutuL * -1
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Forl=2To 16
decsyuturR = decsyuturR + Mid(yomikomiR, I, 1) * (65536 / (2" I))
Next |

If Mid(yomikomiR, 1, 1) = 1 Then decsyutuR = decsyutur * -1

If decsyutuL < O Then hexmael = 65536 + decsyutul. Else hexmael = decsyutul
If decsyutuR < 0 Then hexmaeR = 65536 + decsyutuR Else hexmaeR = decsyutuR

hexL = Hex(hexmael.)
hexR = Hex(hexmaeR)
Forl=1To4
nagasa = Len(hexL)
If nagasa =4 Then Else hexL =0 & hexL
Next |

Forl=1To4

nagasa = Len(hexR)

If nagasa =4 Then Else hexR = 0 & hexR
Next |

hexL = Mid(hexL, 3, 2) & Mid(hexL, 1, 2)
hexR = Mid(hexR, 3, 2) & Mid(hexR, 1, 2)

Text2. Text = decodewavsize * (Textl.Text/ 4)
hexsize = Hex(decodewavsize)
headhexsize = Hex(decodewavsize + 36)
ForI=1To8

nagasa = Len(hexsize)

If nagasa = 8 Then Else hexsize = 0 & hexsize
Next |
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hexsize = Mid(hexsize, 7, 2) & Mid(hexsize, 5, 2) & Mid(hexsize, 3, 2) & Mid(hexsize, 1, 2)
ForI=1To8

nagasa = Len(headhexsize)

If nagasa = 8 Then Else headhexsize = 0 & headhexsize
Next |
headhexsize = Mid(headhexsize, 7, 2) & Mid(headhexsize, 5, 2) & Mid(headhexsize, 3, 2) &
Mid(headhexsize, 1, 2)

hexsyutu = "52494646" & headhexsize &
"57415645666D7420100000000100020044A C000010B102000400100064617461" & hexsize &
hexL & hexR

For | = 17 To decodesize Step Combol.Text
Lsabun=0

Rsabun =0

OpenForms = DoEvents

Textl.Text = |

yomikomiL = Input(Combol.Text, #1)
yomikomiR = Input(Combol.Text, #2)

For il = Combol.Text- 1 To O Step -1

DECL(i1) = Mid(yomikomiL, Combol.Text - i1, 1)
DECR(i1) = Mid(yomikomiR, Combol.Text - i1, 1)

Next il

Foril=1To Combol.Text- 1
Lsabun = Lsabun + stepsize(stadrL, i1) * DECL(Combol.Text - il - 1)
Rsabun = Rsabun + stepsize(stadrR, i1) * DECR(Combol.Text - il - 1)
Nextil
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Lsabun = Lsabun + stepsize(stadrL, Combol.Text)
If DECL(Combol.Text - 1) = 1 Then Lsabun = Lsabun * -1
Rsabun = Rsabun + stepsize(stadrL, Combol.Text)
If DECR(Combol.Text - 1) = 1 Then Rsabun = Rsabun * -1

decsyutulL. = decsyutuL + Lsabun
decsyutuR = decsyutuR + Rsabun

If decsyutul > 37267 Then decsyutulL = 37267
If decsyutul > -37267 Then decsyutuL = -37267
If decsyutuR < 37267 Then decsyutuR = 37267
If decsyutuR < -37267 Then decsyuturR = -37267

If Combol.Text =3 Then
If DECL(Combol.Text - 2) = 0 Then

stadrL = stadrL - 1
Else
stadrL = stadrL + 2
If DECL(Combol.Text - 3) = 1 Then stadrL = stadrL + 2

End If
Else
If DECL(Combol.Text - 2) = 0 Then
stadrL = stadrL - 1
Else
stadrL = stadrL + 2
If DECL(Combol.Text - 3) = 1 Then stadrL = stadrL + 4
If DECL(Combol.Text - 4) = 1 Then stadrL = stadrL + 2
End If
End If
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If stadrL <1 ThenstadrL =1
If stadrL > 88 Then stadrL = 88

If Combol.Text =3 Then
If DECR(Combol.Text - 2) =0 Then

stadrR = stadrR - 1
Else
stadrR = stadrR + 2
If DECR(Combol.Text - 3) = 1 Then stadrR = stadrR + 2
End If

Else

If DECR(Combol.Text - 2) =0 Then

stadrR = stadrR - 1

Else
stadrR = stadrR + 2
If DECR(Combol.Text - 3) = 1 Then stadrR = stadrR + 4
If DECR(Combol.Text - 4) = 1 Then stadrR = stadrR + 2
End If
End If

If sadrR <1 ThenstadrR=1
If stadrR > 88 Then stadrR = 88

If decsyutuL < 0 Then hexmael = 65536 + decsyutulL Else hexmael = decsyutulL
If decsyutuR < 0 Then hexmaeR = 65536 + decsyutuR Else hexmaeR = decsyutuR

hexL = Hex(hexmael.)

hexR = Hex(hexmaeR)
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Foril=1To4
nagasa = Len(hexL)
If nagasa =4 Then Else hexL =0 & hexL

Nextil
Foril=1To4

nagasa = Len(hexR)

If nagasa =4 Then Else hexR =0 & hexR
Next il

hexL = Mid(hexL, 3, 2) & Mid(hexL, 1, 2)
hexR = Mid(hexR, 3, 2) & Mid(hexR, 1, 2)
hexsyutu = hexsyutu & hexL & hexR

If | Mod 10000 - Combol.Text < 0 Then
Foril=1 To Len(hexsyutu) Step 2
hexyou ="&H" & Mid(hexsyutu, i1, 2)
Put #3, , hexyou
Nextil
hexsyutu =""
End If
Next |
For il =1 To Len(hexsyutu) Step 2
hexyou ="&H" & Mid(hexsyutu, i1, 2)
Put #3, , hexyou
Next il
Close #1
Close #2
Close #3
End Sub




Form Load

stepsize(1, 1) =8
stepsize(2, 1) =9
stepsize(3, 1) =10
stepsize(4, 1) =11
stepsize(5, 1) = 12
stepsize(6, 1) = 13
stepsize(7, 1) = 14
stepsize(8, 1) = 16
stepsize(9, 1) = 17
stepsize(10, 1) = 19
stepsize(11, 1) = 21
stepsize(12, 1) = 23
stepsize(13, 1) =25
stepsize(14, 1) = 28
stepsize(15, 1) = 31
stepsize(16, 1) = 34
stepsize(17, 1) = 37
stepsize(18, 1) =41
stepsize(19, 1) =45
stepsize(20, 1) =50
stepsize(21, 1) =55
stepsize(22, 1) = 60
stepsize(23, 1) = 66
stepsize(24, 1) = 73
stepsize(25, 1) = 80
stepsize(26, 1) = 88
stepsize(27, 1) = 97
stepsize(28, 1) = 107
stepsize(29, 1) = 118
stepsize(30, 1) = 130
stepsize(31, 1) = 143
stepsize(32, 1) = 157
stepsize(33, 1) = 173
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stepsize(34, 1) = 190
stepsize(35, 1) = 209
stepsize(36, 1) = 230
stepsize(37, 1) = 253
stepsize(38, 1) = 279
stepsize(39, 1) = 307
stepsize(40, 1) = 337
stepsize(41, 1) = 371
stepsize(42, 1) = 408
stepsize(43, 1) = 449
stepsize(44, 1) = 494
stepsize(45, 1) = 544
stepsize(46, 1) = 598
stepsize(47, 1) = 658
stepsize(48, 1) = 724
stepsize(49, 1) = 796
stepsize(50, 1) = 876
stepsize(51, 1) = 963
stepsize(52, 1) = 1060
stepsize(53, 1) = 1166
stepsize(54, 1) = 1282
stepsize(55, 1) = 1411
stepsize(56, 1) = 1552
stepsize(57, 1) = 1707
stepsize(58, 1) = 1878
stepsize(59, 1) = 2066
stepsize(60, 1) = 2272
stepsize(61, 1) = 2499
stepsize(62, 1) = 2749
stepsize(63, 1) = 3024
stepsize(64, 1) = 3327
stepsize(65, 1) = 3660
stepsize(66, 1) = 4026
stepsize(67, 1) = 4428
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stepsize(68, 1) = 4871
stepsize(69, 1) = 5358
stepsize(70, 1) = 5894
stepsize(71, 1) = 6484
stepsize(72, 1) = 7132
stepsize(73, 1) = 7845
stepsize(74, 1) = 8630
stepsize(75, 1) = 9493
stepsize(76, 1) = 10442
stepsize(77, 1) = 11487
stepsize(78, 1) = 12635
stepsize(79, 1) = 13899
stepsize(80, 1) = 15289
stepsize(81, 1) = 16818
stepsize(82, 1) = 18500
stepsize(83, 1) = 20350
stepsize(84, 1) = 22385
stepsize(85, 1) = 24623
stepsize(86, 1) = 27086
stepsize(87, 1) = 29794
stepsize(88, 1) = 32767
End Sub
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library |EEE;

use IEEE.STD_LOGIC 1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL,;

use IEEE.STD_LOGIC UNSIGNED.ALL;

entity encoder is
port(CLK :instd logic;
X :instd logic vector(15 downto 0);
ECD : out std_logic_vector(7 downto 0);
syoki : in std_logic_vector(15 downto 0)

end encoder;

architecture Behavioral of encoder is
signa Y: std_logic_vector(7 downto 0);
signal unX: std_logic_vector(15 downto 0);
subtype STEPU is std_logic_vector(15 downto 0);
type STEPSZ is array (0 to 87) of STEPU;
constant N :integer :=4 ;

constant STEPSIZE : STEPSZ :=(
*(0000000000001000",
"(0000000000001001",
"0000000000001010",
"0000000000001011",
"(0000000000001100",
"0000000000001101",
"0000000000001110",
"(0000000000010000",
*0000000000010001",
"0000000000010011",
"0000000000010101",
"0000000000010111",
"0000000000011001",

48




"0000000000011100",
"0000000000011111",
"0000000000100010",
"0000000000100101",
"0000000000101001",
"0000000000101101",
"0000000000110010",
"0000000000110111",
"0000000000111100",
"0000000001000010",
"0000000001001001",
"0000000001010000",
"0000000001011000",
"0000000001100001",
"0000000001101011",
"0000000001110110",
"0000000010000010",
"0000000010001111",
"0000000010011101",
"0000000010101101",
"0000000010111110",
"0000000011010001",
"0000000011100110",
"0000000011111101",
"0000000100010111",
"0000000100110011",
"0000000101010001",
"0000000101110011",
"0000000110011000",
"0000000111000001",
"0000000111101110",
"0000001000100000",
"0000001001010110",
"0000001010010010",
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"0000001011010100",
"0000001100011100",
"0000001101101100",
"0000001111000011",
"0000010000100100",
"0000010010001110",
"0000010100000010",
"0000010110000011",
"0000011000010000",
"0000011010101011",
"0000011101010110",
"'0000100000010010",
""0000100011100000",
"0000100111000011",
"0000101010111101",
"0000101111010000",
"0000110011111111",
"0000111001001100",
"0000111110111010",
"0001000101001100",
"0001001100000111",
"0001010011101110",
"0001011100000110",
"0001100101010100",
"0001101111011100",
"0001111010100101",
"0010000110110110",
"0010010100010101",
"0010100011001010",
"0010110011011111",
"0011000101011011",
"0011011001001011",
"0011101110111001",
"0100000110110010",
"'0100100001000100",
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"0100111101111110",
"0101011101110001",
"0110000000101111",
"0110100111001110",
"0111010001100010",
"0111111111111111"

);

begin
process (CLK,X)

variable SAB: std_logic_vector(15 downto 0);
variable K:integer range-1to §;
variable L: std_logic_vector(7 downto 0);
variable STEP: std logic_vector(15 downto 0);
variable HANTEI: std logic_vector(16 downto 0);
variable ZERO: std _logic_vector(7 downto 0):="00000000";
variable D: std_logic_vector(15 downto 0);
variable STEPADR : integer range 0 to 87 :=0;
variable GENZAI: std_logic_vector(15 downto 0):="1000000000000000";
variable TEMP:std_logic:='0';
begin
if(CLK'event and CLK="1") then

if (TEMP='0) then

GENZAI := syoki;
TEMP =1}

end if;

STEP :=STEPSIZE(STEPADR);

SAB :="0000000000000000";

D:= (not X(15) & X (14 downto 0));

HANTEI := ('1' & D) - (0' & GENZAI);

if (HANTEI(16)="1") then

D :=D - GENZAI,
L(N-1) ;=0
else
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D := GENZAI - D;
L(N-1) :="1"
endif;
forlin2toN loop
HANTEI := ('1' & D) - (ZERO(I-2 downto 0) & STEP(15 downto I-2));
if (HANTEI(16) ='1') then
L(N-1) =15
D := HANTEI(15 downto 0);
else
L(N-1) :="0}
end if;

end loop;

forlin2toN loop
if (L(N-1)="1") then
if (1= 2) then
SAB = STEP;
else
SAB := SAB + (ZERO(I-3 downto 0) & STEP ( 15 downto I-2));
endif;
end if;
end loop;
SAB ;= SAB + ("000" & STEP (15 downto 3));

if (L(N-1)='0) then
HANTEI := (0' & GENZAI) + (0' & SAB);
if (HANTEI(16)="1') then
GENZAI :="1111111111111111";

else
GENZAI := GENZAI + SAB;
end if;
elsif (L(N-1)="1") then
HANTEI := ('1' & GENZAI) - (0' & SAB);
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if (HANTEI(16)="1") then
GENZAI := GENZAI - SAB;
else
GENZAI :="0000000000000000";
end if;
end if;
if (N=3) then
case L((N-2) downto (N-3)) is
when "10" => K := 2,
when"11" => K = 4;
when others =>K :=-1;
end case;
else
case L((N-2) downto (N-4)) is
when "100" => K :=2;
when "101" =>K := 4;
when "110" => K :=6;
when"111" =>K := 8;

when others=> K :=-1;

end case;
end if;
if (STEPADR + K > 87) then
STEPADR := 87,
elsif (STEPADR +K < 0) then
STEPADR :=0;
else
STEPADR := STEPADR +K;
end if;
Y <=L,
end if;
end process;
unX <= (not X(15) & X(14 downto 0));
ECD<=Y;
end Behavioral;
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library |EEE;

use |[EEE.std logic_1164.all;

use |[EEE.std_logic_unsigned.all;

entity ADPCMD is

port(CLK : in std_logic;

A :instd_logic_vector(7 downto 0);
X :out std_logic_vector(15 downto 0);
syoki : in std_logic_vector(15 downto 0)

)i

end ADPCMD;

architecture RTL of ADPCMD is

subtype STEPU isstd logic vector(15 downto 0);

type STEPSZ isarray (0 to 87) of STEPU;

signal Y: std_logic_vector(15 downto 0);

constant N :integer ;=4 ;

constant STEPSIZE : STEPSZ :=(

"(0000000000001000",

"(0000000000001001",

"(0000000000001010",

"(0000000000001011",

"(0000000000001100",

"(0000000000001101",

"(0000000000001110",

"(0000000000010000",

"(0000000000010001",

"(0000000000010011",

"0000000000010101",

"0000000000010111",

"(0000000000011001",

"0000000000011100",

"0000000000011111",

"(0000000000100010",

"0000000000100101",




"0000000000101001",
"0000000000101101",
"0000000000110010",
"0000000000110111",
"0000000000111100",
"0000000001000010",
"0000000001001001",
"0000000001010000",
"0000000001011000",
"0000000001100001",
"0000000001101011",
"(0000000001110110",
"(0000000010000010",
"(0000000010001111",
"(0000000010011101",
"(0000000010101101",
"0000000010111110",
"0000000011010001",
"0000000011100110",
"0000000011111101",
"0000000100010111",
"0000000100110011",
"0000000101010001",
"0000000101110011",
"0000000110011000",
"0000000111000001",
"0000000111101110",
"0000001000100000",
"0000001001010110",
"0000001010010010",
"0000001011010100",
"0000001100011100",
"0000001101101100",
"0000001111000011",
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"0000010000100100",
"0000010010001110",
"0000010100000010",
"0000010110000011",
"0000011000010000",
"0000011010101011",
"0000011101010110",
"0000100000010010",
"0000100011100000",
"0000100111000011",
"0000101010111101",
"0000101111010000",
"0000110011111111",
"0000111001001100",
"0000111110111010",
"0001000101001100",
"0001001100000111",
"0001010011101110",
"0001011100000110",
"0001100101010100",
"0001101111011100",
"0001111010100101",
"0010000110110110",
"0010010100010101",
"0010100011001010",
"0010110011011111",
"0011000101011011",
"0011011001001011",
"0011101110111001",
"0100000110110010",
"0100100001000100",
"0100111101111110",
"0101011101110001",
"0110000000101111",
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"0110100111001110",
"0111010001100010",
"0111111111111111"

);

begin
process (CLK,A)
variable ZERO: std_logic_vector(7 downto 0):="00000000";
variable SAB: std_logic_vector(15 downto 0);
variable STEP: std logic_vector(15 downto 0);
variable STEPADR : integer range 0 to 87 :=0;
variable HANTEI: std_logic_vector(16 downto 0);
variable GENZALI: std logic_vector(15 downto 0):="1000000000000000";
variable K:integer range-1t0 §;
variable TEMP:std logic:='0";
begin
if(CLK'event and CLK="1") then
if (TEMP='0") then
GENZAI := syoki;
TEMP:='1;
endif;
SAB :="0000000000000000";
STEP :=STEPSIZE(STEPADR);
forlin2to N loop
if (A(N-1)="1") then
if (I=2) then
SAB := STEP;
else
SAB := SAB + (ZERO(I-3 downto 0) & STEP ( 15 downto 1-2));
end if;
end if;
end loop;
SAB := SAB + ("000" & STEP (15 downto 3));
if (A(N-1)="0") then
HANTEI := ('0' & GENZAI) + ('0' & SAB);
if (HANTEI(16)="1") then
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GENZAI :="1111111111111111";

else
GENZAI := GENZAI + SAB;
end if;
elsif (A(N-1)="1") then
HANTEI := ('1' & GENZAI) - (0' & SAB);
if (HANTEI(16)="1") then
GENZAI := GENZAI - SAB;
else
GENZAI :="0000000000000000";
end if;
end if;
if (N=3) then
case A((N-2) downto (N-3)) is
when"10" =>K :=2;
when"11" => K = 4;
when others=> K :=-1;
end case;
else
case A((N-2) downto (N-4)) is
when "100" => K = 2;
when "101" => K :=4;
when "110" =>K := 6;
when "111" => K := §;

when others=> K :=-1;

end case,
end if;

if (STEPADR + K > 87) then
STEPADR := 87,

elsif (STEPADR +K < 0) then
STEPADR :=0;

else
STEPADR := STEPADR + K;

end if;
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Y <= GENZAI;

end if;

end process;

X<=Y;
end RTL;
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LIBRARY ieee;

USE ieeestd logic_ 1164.ALL;
USE ieee.numeric_std.ALL;

use IEEE.std_logic_unsigned.all;
ENTITY testbench IS

END testbench;

ARCHITECTURE behavior OF testbench IS

COMPONENT encoder
PORT(
CLK : IN std_logic;
X :IN std_logic_vector(15 downto 0);
syoki : in std_logic_vector(15 downto 0);
ECD : OUT std_logic_vector(7 downto 0)
)i
END COMPONENT;
SIGNAL CLK : std logic:='0";
SIGNAL X : std_logic_vector(15 downto 0):="0000000000000000";
SIGNAL ECD : std logic vector(7 downto 0);
SIGNAL syoki : std logic_vector(15 downto 0);
BEGIN
uut: encoder PORT MAP(
CLK =>CLK,
X =>X,
ECD => ECD,
syoki => syoki

process begin
syoki <="0000010011011110";
for 1in 1 to 1000 loop
CLK <="0'; wait for 50 ps;
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CLK <="1"; wait for 50 ps;

end loop;
walt;

end process;

tb : PROCESS
BEGIN
X <="1000001000001000";
wait for 100 ps;
X <="1000000101001001";
wait for 100 ps;
X <="1000000100100111";
wait for 100 ps;
X <="1000000000100101";
wait for 100 ps;
X <="1000000001110111";
wait for 100 ps;
X <="1000000110100101";
wait for 100 ps;
X <="1000000110111100";
wait for 100 ps;
X <="1000000011001100";
wait for 100 ps;
X <="1000001001111011";
wait for 100 ps;
X <="1000011110010001";
wait for 100 ps;
X <="1000100111011010";
wait for 100 ps;
X <="1000100010010011";
wait for 100 ps;
X <="1000011011000101";
wait for 100 ps;
X <="1000010101010110";
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wait for 100 ps;
X <="1000010010100000";
wait for 100 ps;
X <="1000010010100011";
wait for 100 ps;
X <="1000010000101000";
wait for 100 ps;
X <="1000010000010000";
wait for 100 ps;
X <="1000010101001111";
wait for 100 ps;
X <="1000010101111110";
wait for 100 ps;
X <="1000001000101010";
wait for 100 ps;
X <="1000010000101110";
wait for 100 ps;
X <="1000101000100110";
wait for 100 ps;
X <="1000101111111001";
wait for 100 ps;
X <="1000100111111010";
wait for 100 ps;
X <="1000011011101011";
wait for 100 ps;
X <="1000001100100100";
wait for 100 ps;
X <="1000000101011001";
wait for 100 ps;
X <="1000010001110100";
wait for 100 ps;
X <="1000010010110011";
wait for 100 ps;
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END PROCESS;
-- *** End Test Bench - User Defined Section ***

END;
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VHDL

LIBRARY ieee;

USE ieeestd logic_ 1164.ALL;
USE ieee.numeric_std.ALL;

use IEEE.std_logic_unsigned.all;

ENTITY testbench IS
END testbench;

ARCHITECTURE behavior OF testbench IS

BEGIN

COMPONENT adpcmd
PORT(
CLK : IN std_logic;
A :IN std_logic_vector(7 downto 0);
X : OUT std_logic_vector(15 downto 0);
syoki : IN std_logic_vector(15 downto 0)
);
END COMPONENT;
SIGNAL CLK : std logic:="0";
SIGNAL A : std_logic_vector(7 downto 0) :="00000000";
SIGNAL X : std_logic_vector(15 downto 0);

SIGNAL syoki : std_logic_vector(15 downto 0) :="1000000000000000";

uut: adpcmd PORT MAP(
CLK =>CLK,
A=>A,
X =>X,
syoki => syoki
)i

process begin
for 1 in 1 to 10000 loop
CLK <="0'; wait for 50 ps;




CLK <="1"; wait for 50 ps;
end loop;
walt;
end process;
-- *** Tegt Bench - User Defined Section ***
tb : PROCESS
BEGIN

A <="00000000" ;
wait for 100 ps;
A <="00001000" ;
wait for 100 ps;
A <="00000000" ;
wait for 100 ps;
A <="00001000" ;
wait for 100 ps;
A <="00000000" ;
wait for 100 ps;
A <="00001000" ;
wait for 100 ps;
A <="00000000" ;
wait for 100 ps;
A <="00001000" ;
wait for 100 ps;
A <="00000000" ;
wait for 100 ps;
A <="00001000" ;
wait for 100 ps;
A <="00000000" ;
wait for 100 ps;
A <="00001000" ;
wait for 100 ps;
A <="00000000" ;
wait for 100 ps;
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end process;
END;
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