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[Mpoueccop umndposon obpabotkn curHanos(MUOC) unu
LndppoBoun curHanbHbIn npoueccop (anrn. digital signal
processor, DSP) — cneunannsnpoBaHHbIN MUKPOMPOLECCOP,
npeagHasHa4YeHHbIn Anst 06padboTKn oundppoBaHHbLIX CUTHANOB
(0ObIYHO, B pexmnme pearibHOro BpeMeHN).



TunoBble 3agauu
undpoBon obpaboTKn curHanos

1) LndopoBas donnstpauums:

- PUNBLTPbI C KOHEYHLIMW UMIYNbCHBIMU
xapaktepuctmkamm (KUX);

- PUNLTPbI C DECKOHEYHBIMU NMIMYNbCHBIMU
xapaktepuctukamm (bNX).
2) CnekTparbHbIn aHann3 (QUCKpeTHoe
npeobpasoBaHue Pypbe (OI1PD), BenBret-
npeobpasoBaHns).
3) KoppensaunoHHbIN aHanms.
4) UndopoBon CUHTE3 HENPEPBLIBHLIX CUrHaNoB.
5) NponopunoHanbHoe aBToMaTU4YeCcKoe yrnpasrieHne
(MANO-perynaropsbl).



CkajisipHoe Npou3Be/ieHe BEKTOPOB
(cymMmMa mo3j1eMeHTHBIX IPOM3BeAeHMI)

5= > %) (D),

x(i), y(i) — 2JIEMEHTBI LIEJIOYUCICHHBIX MaCCHBOB
x[0.. N-1], y[0..N-1];
N — njmHa MacCUBOB.



KoppeJasaunoHHbIN aHAJIU3

() = %Z x(n)y(n + j) = % Z x(n— j)y(n),

X(n - j) —AUCKPETHBIN OTCYET 3aJICPKAHHOIO CUTHAJNA X (1 - T);

y(n) - TUCKPETHBIN OTCUYET CUTHAJIA Y(1);

N — KOTM4eCTBO MPUHUMAEMBIX BO BHUMAHHUE OTCUYETOB
IIOCJIEIOBATEIIbHOCTEMN X, V.

Jns 3agau [IOC peanbHOT0 BpeMEHH HEOOXOAUMO BBIYHCIATH
MOCJIEI0BATEILHOCTD 3HaUeHuM 7(0) .. ¥(N) 3a BpeMs MOCTYIUICHUS
N OTCYETOB BXOJIHBIX CUTHAJIOB



HepekypcuBHbin cpunitp (KUX)

y(n) = 3 h(m)x(n—m)

x(n) g |x(n-1)| x(n—2) ________ 1 | x(n—N+1)
h(0 h(1) h(N-1)
wn)
3 -




PekypcuBHbin chunbtp (BUX)
N M
y(n) = 2 bx(n =)= X a,y(n—k)

b
x(n) W(n)
(X)— ;
7] b, —d, 7]
x(n-1) —@— —@— y(n-1)
7! b, 2 —a, 7!
x(n—2) —@—» ~—®— y(n-2)
7! by —AaMm 7!
wo (X~ X))




OuckpetHoe npeobpasoBaHme Pypbe (OMNDP)

X(k) = 13 i) o),

rae X(k) — KoMIUIeKcHas k- TapMOHHKA YaCTOTHOTO CIIEKTPa;
X(n) —QUCKPETHBIN OTCYET KOMIUIEKCHOT'O CUTHANAa X(7);
W(kn) = exp[-(j2nk-n)/N] — KOMIUIEKCHBIE KOS PUIINEHTHI;
n =20 ... N-1 — HoMep oTcUeTa CUrHamna;
k= 0... N-1 — HOMep rapMOHUKH YaCTOTHOTO CIIEKTpa;

N = 2" — yucJI0 OTCUETOB.



O6nactu npumeHenuna LUCII

ObpaboTKka 3ByKOBbIX CUTHAIOB,

pacno3HaBaHue peyu,

obpaboTka curHanoB B OpPYrMx 4YaCTOTHbIX AnanasoHax,
obpaboTka n3odbpaxxeHun,

pacno3HaBaHmne obpas3os,

nponopunoHanbHoe aBToMaTu4eckoe ynpasneHue
(perynupoBaHmne) B anekTponpuBoaax, npeobpasoBarenax
AJIEKTPOIHEPIUM U OPYrnx 3agadax).
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YnpaBneHue MHBEPTOpPOM

VDC

Push-Pull Converter Hm <

VBAT +
= -~
GND
<
GND
-

FET FET K K
Driver| | Driver D C

e

PWM PWM ADC ADC
or

Analog Comparator

k
dsPIC33FJ16GS504

ADC




KoHTyp aBTOMaTN4eCKOro ynpaBrieHus
MHBEPTOPOM

Current

Sinusoidal Reference Voltage

Error
(. f \ —>®—> PI
+ -

Reference oot

( ) Error P

S

Current
Feedback

Control

Output
e oY 5

SRVAVERPER S =S

Voltage Feedback

Duty
Cycle

AC Out

L)
AR

Output Filter




OcHoBHble ocobeHHocTu NMLUOC

CurHanbHble npoLeccopbl ONTUMU3UPOBAHbI MO
ObICTPOOENCTBUIO AS1S1 BbINONMHEHUSA:

1)onepaunmn «yMHOXeHUEe C HakonneHnem» (aHrn.
multiply-accumulate, MAC)

Y=Y+AxB,roeY, A, B— anemMeHTbl MaccuBoB;

2) ogHOBpPEMEHHOM BbIBOPKM KOMaHObl U ABYX OnepaHaoB ASS
bbicTporo BeinosriHeHnst komaHabl MAC. Ona atoro B LICI
NCNonb3yT MOoaNPULMPOBaHHYIO [[apBapaCKyt0 apXUTEKTYpPY
N ABe He3aBUCUMble obnacTn NnamMaTn, CO CBOUM KOMMIEKTOM
LUMH agpeca 1 AaHHbIX.
3) UMKoB C 3ag4aHHOW ANIMHOU (MCnosb30BaHUE LUMKITNYECKUX
bydepoB 6€3 NporpaMMHbIX CHETYMKOB LMKIA);
4) BBOOA U BbiBOAA KOOOB OTCYETOB CUrHaroB C
PaBHOMEPHOWU ANCKPETU3aLINEN.



NMonynapHbie mogenu LICI

Tl Inc.

TMS32010 1983 r. 16-pa3psgHbin LICI ¢ doukcnpoBaHHOM TOYKOW

Cemenctso TMS32C1x.

TMS32C2x 1867BM2T (aHanor TMS32C25)

Cemenctea TMS320C3x, TMS320C4x ¢ nnasatoLien TOYKON.
1867BLI6D (aHanor TMS32C30)

C28x Delfino ¢ nnasatoLwien Toykon,

C28x Piccolo, C28x ¢ donkcmpoBaHHOW TOYKOMN,

C240x

C5000 (C55x) 1867BL2T (aHanor TMS32C50)
1967BLU1T (aHanor TMS320C546A)

C6000 DSP (C66x, C674x)

C6000 DSP + ARM (66AK2x, OMAP-1LXx)

Analog Devices

ADSP-21xx

Blackfin

TigerSHARC 1967BH028 (aHanor ADSP-TS201)



LICIM 1892BM74 (“9nBuc”)
nnardopma «MYJIbTUKOP»

B] D] Ethemet
2 nopra VPIN VEOUT MAC 10/100

DSPO DSP1
ElLcore-28 ElLcore-28

MFBSP
2 nopta

CPU
MIPS32-

COBMECTUMBbIN

O
12C .
DSP2 DSP3
DMA ElLcore-28 ElLcore-28
UART
PLL [TRTTWDT

MopT namaTu SpaceWire

2 nopta

SRAM/FLASH/ IRQ

int32: 6400 Mon/c, 32 onepauun 3a 1 TaKT;
int16: 25600 Mon/c, 128 onepauun 3a 1 TakT;
int8: 38400 Mon/c, 192 onepaunu 3a 1 TakT.



MoaudunumnpoBaHHasa NapBapackaa apxuTeKkTypa

Data
Space

PSV Window
and Data RAM

Table Access

Gragram Peripherals

Flash Program
Bus 16-bit X

16-bit CPU }-<

16-bit Y




Apxutektypa dsPIC

Data Memory
(RAM)
32K x 16 bit

DSP: dual access
MCU: single access

1 3
I
L DSP
« - | .
i Engine
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<
> I—->WArray
— 16X 16 |ty

MCU
ALU

Address Path - -
MCU/DSP Data Path —

v One instruction set
v One register file
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«— Pre-fetch & Decode
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DSP Data Path
Program Data/Control Path

ws | '
> @5 1
o S 0 l
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x > 9

Q< Program

Memory
L 4M x 24 bit
24-bit PC
Control Linear




O6nacTe NnoNL30BaTENA

O6nacTb KOHUry paumm

¢ 0x000000

0x000004
0x000100

0x000104
0x000200

0x02AC00

0x800000

O0xF80000
0xF80010

0xFF0000

0xFF0004
0xFFFFFF

[MlamaTb nporpavMmm

BekTop cbpoca

BekTopbl NpepbiBaHui

AnNbTepHaTUBHLIE BEKTOPLI NPEepLIBaHUA /
MamaTte

NamsaTb nporpamm
nporpamm

HE peanu3oBaHo

Flash peructpel
KOHpUrypaumum

—

Peructpbl koHbuUrypaymm P

dsPIC33FJ256
DEVICE ID 256 kb
Flash



[TaMATb AQHHbIX

16 But
- o, TR
~ 0x0000 |
2kb < Peructpel SFR , 8 kb - obnacTe npaMoi
” 0x0800 g appecaumu

X -obnactb namaTu :
\ HesaBucuMble agpecHble

28 kb < ity / reHepaTopsbl

Y -obnacTte namaTu

> 0x7800
2kb = Leyxnoprtosasa namate DMA
"/ 0x8000
X - obnacTe namatu
32«6 {

C 6 5
N e dsPIC33FJ256
32 kb
SRAM

\
\ OxFFFF



Program Space Visibility

OxABCD

15
32K PSV

Window

G

OXFFFF

0x9000

0x8000

0x0000

Data Memory

— () —

Nepd

L

| 0x02 I

PSVPAG

EA<15>=1
and PSV =1

OxABCD

23 15 0

Program Memory

Ox017FFE

0x011000

0x010000

0x000000



Programmer’s Model

15 0

/ W0 | Divide Quotient
W1 Divide Remainder

w2
w3
w4 K
W Registers W5 > DSP OPERAND

W6 .
Registers
General Purpose < w7 g

i\

Data Registers w8
or w9 - DSP ADDRESS

Address Pointers W20 Registers
wi1 et

W12
WwWi3
wWi4 Frame Pointer
\_ W15 Stack Pointer 0
15 0
Stack Pointer Limit SPLIM

DSP Accumulators ACCA
(40-bit) ACCB

39 32 31 1615 0

OA | OB | SA | SB [0AB{SAB| DA DC'IPLI.‘IPLIIPLO ra| N|ov| z | c | Status Register




Addressing Modes

. Generic Addressing Modes:

+ Inherent — NOP, RESET, PUSH, POP, etc.
+ Literal (immediate) — MOV #0x1800, WO
+ Register — ADD W4, W5, W6
+ Memory Direct — ADD 0x500, WREG
+ Register Indirect with:
+ Pre-inc or Pre-dec — ADD W4, [++W3], [--W6]

+ Post-inc or Post-dec — MOV [W4++], [W8--]
+ Signed Literal Offset
+ Register Indexed = MOV [W4+W5], [W6]

» Special Addressing Modes:

+ Modulo (for circular buffers)
+ Bit Reverse (for FFT's)



[lpamaa agpecauus

- Anpec CJioBa AdHHbIX
OnpepenseT (< 8 KO)
ornepawluio Kak
6anToBYyHO

ADD.b 0x900, WREG

UHCTpYKUUMA J

Ecnu onpeneneH B MHCTPYKLUN,
pe3ynbTaT coxpaHaeTca B WREG (WO0)



[lpamaa agpecauusa perucTpos

¢ [ocTtyn K Habopy W perucTpos
— WO - W15 (0x0000 - 0x001F B namMATU AaHHbIX)

— [Noppoepxka gocTtyna K cnoBy 1 6anTy crnosa

—  Wcnonb3yeTcsa, koraa aaHHble Haxoaatca B W
perncrpax

© Hanpumep,
— IOR W2, W4, Wé

® [lobutosoe UJTN 3Ha4yeHuit W2 n W4, coxpaHeHue
pe3ynbTaTta B W6



KocBeHHasa agpecauus

¢ 3HauyeHus W peructpoB ABNSeTCS
yKasaTensaMn Ha NnaMATb

— Obecne4ymBaeT JOCTYMN KO BCEMY 0ObEMY agpecyemMom
namaTtu (64 Kb)

—  Pexum KocBeHHoW aapecaunn BO3MOXEH B
60NbLUNHCTBE UHCTPYKLINN

Lo BbINONHEHUSA UHCTpYKUUA PesynbTart
W4 = 0x0005 W4 = 0x0005
W5 =0x1000  ADD W4, [W5], [W6] (W5 =0x1000

W6 = 0x1100 W6 = 0x1100

[0x1000] = 0x0003 M»[OMOOO] = 0x0003
[0x1100] = OXF7FF | 0X0005 + [0x1000]= 0XU008-{ [0x1100] = 0x0008




KocBeHHasa aapecauus C npe- u
NOCT- MOAudUKaLnen

¢ [lo3BonfAeT U3SMEeHATb 3Ha4YeHUs yKasaTeneﬁ
(AeKpeMEeHT, UHKPEMEHT)
—  Cu-nogobHasn npe- n noct- moandurkauus ykasaTtenemn

—  WI3aMeHeHne 3Ha4YeHua ykasatenen Ha 1 npu gocTyne K
6anTy n Ha 2 Npu AOCTyne K CloBy

[o BbINONHEHUA UHCTpyKUMSA PesynbTrar
WO =0x200 WO =0x2002

W1 =0x2100 MOV [++WO0], [W1-~]| W1 =0x20FE
[0x2000] =[0x2002] [~ 0x2000+2 [0x2000] = OXEEEE

OxEEEE 0x2100 -2 [0x2002] = OXFFFF
[0x2002] = OxFFFF \ [0x20FE] = 0x1111
[0x20FE] = 0x1111 + [0x2100] = OxFFFF

[0x2100] = 0x2222




o KocBeHHas agpecauusa co

MASTERs

el CMELLEHNEM YKa3aTenA

¢ YKaszarenb opMUpyeTca NyTeM CNOXeHust
3HauyeHui AByx W perucrpos

= I_Ipm 3TOM 3HaveHuna W PeErMcTpoB HE MEHAKTCHA

0o BbiNONHEHUA PesynbTrar
UHCTpyKUMA

W4 = 0x200 W4 = 0x2000
W5 = 0x0004~ MOV [W4+W5], [W6++] w5 = 0x0004
W6 = 0x1000 ~— - W6 =0x1002
ad ] 0x2000 + 0x0004 —————_ | =
[0x2004] = 0x000A ot [0x2004] = 0x000A

[0x1000] = IS0 OXO0002 ——+[0x1000] = 0x000A
0xEEEE [0x1002] = OXFFFF

[0x1002] = OXFFFF




Habopbl MHCTPYKLUN

¢ Cucremy KOMaHz, MOXHO YCINOBHO pa3fenuTb
Ha cneaytowme Habopbl NHCTPYKLWNA:

— (MOVE) NHCcTpyKunn nepemeLlLeHns

— (MATH) Matematu4eckne MHCTpYKLnK
— (LOGIC) JI'lornyeckne MHCTpYKLUUN

— (SHIFT /ROTATE) UHCcTpYyKUUn casura
— (BIT) butoBble MHCTpYKLUK

— (STACK) UHcTpyKumn paboTbl CO CTEKOM

— (PROGRAM FLOW) UHcTpyKUMKM ynpaBneHus
X040M nporpamMmmsl

— (CONTROL) HCcTpyKuun ynpasneHuns
— (DSP) DSP nHctpykuum (Tonbko ana dsP/C)



Anpo DSP

Enable

X Data Bus

]/L— 40-bit Accumulator A (s
K!‘— 40-bit Accumulator B § 2l 16
o
S 0
3w
(4
40
40 16
7> A
40 N
' Be
40 =
@ &
Sign Extend
)
: e
o =
© " 4
© 1 32 R 16
© i 2 | >
Q 33 3
o 5
N
17-bit 16, |16
Multiplier/Scaler
Operand Pre-processing
v
Al Rj t
From W Array To W Array




UHcTpykuuu agpa MAC

MAC

a=a+bxc

YMHOXeHHe IBYX onepaH/ios,
nobasneHue pesynbrara

K aKKyMyITOpY

MSC

a=a—bxc

YMHOXeHHe [BYX OonepaH/ios,
BblUMTaHKe pe3ynbTara
U3 akKymynsTopa

MPY

a=bxc

YMHOXeHHe [ByX onepaHios,
COXpaHeHue pesynbrara
B aKKYMyNsTOP

MPY.N

a=—-—bxc

YMHOXeHHe [BYX onepaHios,
WHBEPCHA, COXPaHeHHe
pe3ynbTarta B aKKyMynsTop

ED

a=(b—c)’

BbiuMcneHue eBknuaoBOH
METPUKH, COXPaHeHue
pe3ynbTarta B aKKyMynsTop

EDAC

a=a+(b—c)

BbiuucneHue esknuaoBou
METPHKH, floDaBneHue
pe3ynbTarta K akKyMynsTopy




Single Cycle MAC Instruction

FIR Filter Tap = 1 instruction cycle (33 ns)

« Sample Instruction Syntax
+ MAC W4*W5, A, [W8]+=2, W4, [W10]-=6, W5, W13

) A

Source - prefetch prefetch
operand Destination source destination
registers accumulator
X X Other Acc.
prefetch prefetch Write-back
source destination destination
N 2 N o
b L

Basic Syntax Optional Arguments



3HaueHne W4 yMHOKaeTcs Ha 3HaueHre W5,
pe3yJIbTaT YMHOKeHUS TOOABIAETCA K aKKY -
myssitopy ACCA;

peructp W4 3arpy:xaeTcsi 3HaueHHeM I10 YKa-
3aTento W8 (ykaszaTellb MOJIKeH YKa3bIBaTh Ha
anpec B cermeHTe X O3Y);

® ykaszarejib W8 yBeJIlnunBaeTcs Ha 2;

® peructp W5 3arpyskaercs 3HaueHueM I10 YKa-
3aresito W10 (ykaszaTesib 10JUKeH YKa3bIBaTh
Ha ajipec B cerMeHTe Y O3Y);

® ykazaTtesb W10 yMeHbIIaeTcs Ha 2;

® 3HaueHHe akKyMyJsiTopa ACCB coxpansercd
1o ykazarejo W13;



Linknuyeckun oydep (MoaynbHasa agpecauus)

[W10] [W8] LEN =4

YMODSRT XMODSRT
y1 x1
y2 X2

YMODEND y3 X3 XMODEND

XMODSRT = (unsigned int) arrayl;
XMODEND = (unsigned int) arrayl + 2*LEN - 1;
YMODSRT = (unsigned int) array?2;
YMODEND = (unsigned int) array2 + 2*LEN - 1;

MOV #0xCOAS8, w10 - set XMD = W8 and YMD = W10
MOV w10, MODCON  enable X & Y Modulus



BbluncneHne BKO

Ha3Ha4yeHne perncTpos:

w3 — (LEN-1)

w2 — yKasaTenb Ans maccmsa 3HadeHun oyHkumm R(n)
w1 — yKasaTtenb ans maccmea Y

w0 — yKasaTesnb ans maccmea X

B unkne BbldncneHna R[n]

W8 — ykazartenb ang maccusa X

W10 — ykasaTtenb gns maccmea Y

W4, W5 — xpaHeHune n3BrneyYeHHbIX COMHOXUTENEN

sub W3,#2, W6 ; W6 = LEN-3 (ans do loop )



[W8]

x(1)
X(2)
X(3)

[W8]
x(1)

x(2)
X(3)

WI[10]

y(1)
y(2)
y(3)

W[10]
y(3)

y(0)
y(1)

)'X(2) +y(3)
)'X(2) +y(2)
)'X(2) +y(1)
)'X(2) +y(0)
[WS8] WI[10]
x(1) y(0)
X(2) y(1)
X(3) y(2)
[W8] W[10]
X(1) y(2)
X(2) y(3)
X(3) y(0)



Lukn BbluucneHusa R[n]

DO w3, array loop , LMK obpaboTkn BCcex BXOAHbLIX BbIOOPOK

; o4nCTKa A, BblIbopka OTCYETOB , MOANdMKaALNSA yKasaTeneu

CLR a, [w8]+=2, w4, [w10]+=2, w5

REPEAT w6 * BbinonHeHune MAC (kpoMe fABYX NocrneaHux)
MAC w4*wb, a, [w8]+=2, w5, [w10]+=2, w5
MAC w4*w5, a, [w8]+=2, w4, [Ww10], Wb ; npeanocneanss MAC
MAC w4*w5, a ' nocneaHsiss MAC
. OKpYTMeHue 1 coxpaHeHue A B BbIXOOHOM Gydepe
array loop :
SAC.R a,[w2++] ' COXpaHEHWe pe3ynbraTa



Peanusauuna KUX-dounerpa

MaccuB koacphbuumeHToB Taps .section .xdata, data, xmemory
.section .psvconst, code

Bbydep 3anepxku Delay .section .ydata, data, ymemory
Ctpyktrypa FIRStruct
typedef struct
{
int numTaps; /[ Ymcno koaddpuumMeHToB
int *pTapsBase; /[ 6a3oBbIN agpec maccuBa KO3IMPDOULIMEHTOB
// nvnn 6a3oBbIN agpec cmellenuns (psvoffset)
int *pTapskEnd; /[ appec nocnegHero anemMeHTa maccuea
int tapsPage; /[ OXFFOO nnn Homep cTpaHuubl psvpage
int *pDelayBase; // 6a3oBbIN agpec bydepa 3aaepKKu
int *pDelayEnd,; /[ appec nocnegHero anemeHTa 6ydepa
int *pDelayPtr; /[ cTapTOBOE 3Ha4YeHWNe yKkasaTerns

} FIRStruct;



Linknuyeckun o6ycdep (MoaynbHasa agpecauuns)

[W10] [W8]
YMODSRT XMODSRT
0) b1
0 b2
YMODEND 0 b3 XMODEND
SetupPointers:
MOV [w3+oTapsEnd],w8
MOV w8, XMODEND ; XMODEND = KkoHe4HbI agpec KO3 PpUUmMeHToB
MOV [w3+oTapsBase],w8
MOV w8, XMODSRT : XMODSRT = 6a3oBbin agpec koadhdbuuneHToB
MOV [w3+oDelayEnd],w10
MOV w10, YMODEND : YMODEND = KoHeuHbIN agpec NUHUM 3a0EepPXKKN
MOV [w3+oDelayBase],w10
MOV w10, YMODSRT : YMODSRT = 6a30Bbit agpec NUHUK 3agepKKn
MOV #0xCOAS8, w10 : XMD = W8 and YMD = W10
MOV w10, MODCON ; paspewntb X & Y Modulus
DEC wO,w0 * WO CYETYUK LIMKIOB

MOV [w3+oDelayPtr],w10 ; YKasaTenb Ha TEeKYLLUN 3eMEHT JIMHUM 3a4epPXKKN



y(0) = b0-x(0) + b1-x(-
y(1) = b0-x(1) + b1-x
y(2) = b0-x(2) + b1-x
y(3) = b0-x(3) + b1-x
[W10] WI[8]
x(-1) b1

X(-2) b2

x(-3) b3

[W10] W[8]

x(-1) b1

x(2) b2

X(1) b3

1) + b2-x
0) +b2-x
1) +b2-x
2) +b2-x

/\/‘\/\/\
/\/\/\A

-2) + b3-x(-3)
-1) + b3-x(-2)
0) + b3-x(-1)
1) + b3-x(0)
[W10] W8]
X(-1) b1
X(-2) b2
x(1) b3
[W10] WI[8]
X(3) b1
X(2) b2
x(1) b3



Ha3HayeHUe perucTpos:

w3 — yKasaTesnb Ha cTpyKTypy FIR dounbetpa

w2 — yKasarterb Ha bydpep BXOOHbIX OTCYETOB
w1 — ykasarternb Ha bydep BbIXOAHbLIX OTCYETOB
w0 — KONIMYECTBO BbIXOAHbLIX OTCHYETOB

B unkne BblunucreHusa y[n]

W8 — ykasatenb ansa oydepa koadppuumeHToB

W10 — ykazartenb ansa oydepa NnuHUK 3agepKKn oTCHETOB X(N)
W5, W6 — xpaHeHune n3BnevyeHHbIX COMHOXUTENEN



Llukn BbluucneHus y[n]j

DO woO, b|OCkLOOp , LMKIT 06paboTKM BCeX BXOOHbIX BbIOOPOK
MOV [w2++],[w10] © COXpaHEeHue HOBOro oTcyeTa B Bydepe

; OUMCTKa A, BblbopKka koadduu. u BXOQHOro oTcyeTa, Mogndukauusa ykasarteneu

CLR a, [W8]+=2, w5, [w10]+=2, w6

REPEAT w4 * BbinonHeHune MAC (kpoMe fABYX NocrneaHux)
MAC w5*w6, a, [w8]+=2, w5, [w10]+=2, wb

MAC w5*w6, a, [w8]+=2, w5, [W10], W6 ; npeanocneanss MAC
MAC w5*w6, a ' nocneaHsiss MAC

, OKpyrrneHue u coxpaHeHue A B BbIXogHOM Bydepe

blockLoop:
SAC.R a,[w1++] ;ynpaensietca W3
MOV w10,[w3+oDelayPtr] ;06HOBMEHNe yKkasaTens



Peanusauua bUX-cpunbrpa

MaccuB koachduumeHTtoB Coefs .section .xdata, data, xmemory
.section .psvconst, code

Bbydepbl cocToaHUN
States1, States2 .section .ydata, data, ymemory

Ctpykrypa lIRTransposedStruct

typedef struct
{
int numSectionsLess1;// Yucno cekumn BTOporo nopsiaka
int *pCoefs; // ykasaTenb Ha maccmB KO PULMEHTOB
int psvpage; // OXFFOO nnn Homep cTpaHuubl NaMATH NporpamMmm
int *pStates1; /] ykazaTternb Ha bydep cocTosiHuiM 1
int *pStates2; // ykazaTternb Ha bydep cocTossHUN 2
int finalShift; /[ Yncrno paspsigoB casura ang Hopmanusaumm

} lIRTransposedStruct;



Ha3Ha4eHune perncTpos:

w3 — yKasaTenb Ha CTpykTypy BUX dpunestpa
w2 — yKasaTtesib Ha Oydoep BXOOHbIX OTCYETOB
w1 — ykasaTtenb Ha Oydep BbIXOOHbIX OTCYETOB
w0 — KONM4YeCTBO BbIXOOHbLIX OTCYETOB

B umkne BblvmncneHus y[nj

W4 — yucno cekunn -1

W9 — yncno casuroe anst Hopmanmaauum BeIXOAHbIX OTCYETOB
W3 - 4ncno BbIXOAHbIX OTCYETOB -1

W5 —koappuumeHT

W6 — cneayoLwmmn BXogHOW OTCHET

W8 — ykasatenb ans bydepa koadpununeHToB
W10 — ykasartenb ans bydepa coctosiHus states
W11 — ykasartenb ana dydepa coctosiHus states2

W5, W6, W7 — xpaHeHne COMHOXUTeneun



_lIRTransposed:
; COXpaHEHNe KOHTEKCTa
; UHMUManmsaumnsa pabovmx permctpos
; UHALManmsauns ykasaTernen
DO w0, transposeBlockLoop ; BHELLUHUI UMK (MO Yncry BbIGOPOK)

MOV [w3+0Coefs], w8 ; w8 = 6a30BbIN agpec Koaddwudl.
MOV [w2++], w6 ; W6 = cneaytoulas Bolbopka

MOV [w3+oStates1], w10  ; w10 = 6a3oBbIn agpec bydepa states1
MOV [w3+oStates2], w11 ; w11 = Ba3oBbIn agpec bydepa states2
MOV [w8++], wd ; BblDOpKa rnepBoro KkoapguumeHTta
LAC [w10], #1, a ; BblDOpKa COCTOAHUA ounbTpa




DO w4, transposeSectionLoop ; BHYyTpeHHUI LMK (NO YNCITYy CEeKLUMi)

MAC w5*w6, a, [w8]+=2, w5

LAC [w11], #1, b

SAC.Ra, #-1, w7

MAC w5*wo, b, [w8]+=2, wb

MAC w5*w7, b, [w8]+=2, w5

SAC.R Db, # -1, [w10++]

MPY wb5*w6, b, [w8]+=2, wd

SAC.Ra, #-1, wo

LAC [w10], #1, a

MAC w5*w7, b, [w8]+=2, w5
transposeSectionLoop:

SAC.R b, #-1, [w11++]

LAC wo, a
SFTAC a, w9 ; apndmMeTU4eCKUin caBur

transposeBlockLoop:
SAC.R a, [w1++]

, BOCCTaHOBJ1IEHNE KOHTEKCTA



JIuckperHoe npeodpasosanue Pypnbe

1 N-1 5 1 N-1
— x(n)e J-MIK / N_— Zx(n)[cos(fz mnk /N)—jsin( 27k /N)]
N n=0 N n=0

X(k) =



8-Ttoueunoe JIIID (N=8)

N-1 —j2nnk N -1 —j2n
XK =1 3 xnje N =12 x(n)wynk W =e N

n=0 n=0
X(0) = xOWg0  +x(W g0 +x(2W g0 +x@B)W 0 +x(@)W 0 +x(5)W 0 +x(6)W 0 +x(7)W 5O
X(1) = X(OWg0  +x(NWg! +x(2Wg2 +x(3)Wg3 +x(4W 4 +x(5)W g% +x(6)W g8 +x(7)W 47
X@2)= | x(0OWg? +x(1)Wg2 +x(2Wg* +xB)Wg8 +x(4W 8 +x(5)W 10+ x(6)W 12+ x(7)W ;14
X@B)= | x(OWg? +x()Wg2 +x(2Wg8 +x(3)W g% +x(4W 512+ x(5)W g%+ x(6)W 518 + x(7)W 21
X(@d)=| x(0Wg0 +x(1Wg* +x(2W g8 +x(3)W 12+ x(4)W 516+ x(5)W 520 + x(6)W 524 + x(7)W 28
XGB)= | x(OWg? +x(W g% +x(2W 10+ x@B)W 513+ x(4)W 20 + x(5)W g2 + x(6)W 30 + x(7)W 3°
X6)=| x(0Wg0 +x(1)Wgb +x(2)W 12+ x(3)W 518+ x(4)W 524 + x(5)W 30 + x(6)W 536 + x(7)W 442
X(7)= | x(0Wg0 +x(1)Wg7 +x(2JW 14+ x(3)W 521 + x(4)W 528 + X(5)W 535 + x(6)W 542 + x(7)W 449

NZYMHO)KGHMI;i C KOMIUJ1eKCHbIMUX YnCinamMm

1 " .
N He yuyTeHHbIM MaclwTabHbIN KOo3chchuumeHT



CUMMETPUYHOCTD: WNr"'N/2

W

N

r



X(0) o—— ——o0 X(0)
2-TOYEYHOE
PA3BUEHME nno
x(1) O——— HA —o0 X(4)
2.
PR TOYEYHBIE L i
ane 2-TOYEYHOE
PA3BUEHVE ane
X(3) o——— HA L———o X(6)
A-
o | TOYEYHBIE L 5
X nno 2-TOYEYHOE i
PA3BUEHVE ane
X(5) O—— HA ———o0 X(5)
2.
TOYEYHBIE |
S ane 2-ToyeyHog| = X©®
ane
X(7) O—— ——0 X(7)




Onepauus «6abo4yka»

O A=a+b

= (3 — r
B=(a-b)W,_

YMNPOLWEHHOE NPEOCTABJIEHUE
a O > O A=a+b

b O > > {) = oy r
B =(a—b)W,



AnropuTtm 8-toyeyHoro blP

CTAOUA 1 CTAOUA 2 CTAOUA 3

> > o X(0)
> t1 o X(4)
> > o X(2)
38 > 8 X(6)

-1

\’/‘

-1

L 5

. ,
> | ‘v’/ > | ><_\»_:X(1)
1 | 0

/\1\

>

-1

-1 -1
W2
x(6) © > »8 3 — > o X(3)
LN e W' ><_L
x(7) © > »8 >3 > - X(7)

0

8
OTtcueTthl cnekTpa B OUT-
peBepCUBHOM nopsifgke




ynOpFIJJ,O‘-IVIBaHVIe AN1eMeHTOB MacCuBa

(buT-peBepcHan agpecauus)

W [lecATUYHOE YNCNO: 0 1 2 3 4 5 & 7
W [IBOUYHbIA 3KBMBaneHT: 000 | 001 | 010 | 011 | 100 | 101 | 110 | 111
W [1B. c peBepcupoBaHuem: 000 | 100 | 010 | 110 | 001 | 101 | 011 | 111
B [JecATUYHbLIN 3KBUBanNeHT: 0 4 2 6 1 5 3 7




CTpyKTypa AaHHbIX

int output[64]; // BbIXOQHOM MaccuB ounbeTpa
int i; /[ nepeMeHHas uukna

#define FFT_BLOCK LENGTH 64 /[ AnnHa Gnoka
#define LOG2 BLOCK LENGTH 6 // log2(64) — KonnyecTBO cTagumn

// paboume maccusbl anroputma blld
fractcomplex fftinputOutput[FFT_BLOCK LENGTH] //maccuB BbIOOpPOK
_YBSS(FFT_BLOCK_ LENGTH * 2 * 2);

fractcomplex twiddleFactors[FFT_BLOCK LENGTH/2] //maccuB koadhdoumul.
_XBSS(FFT_BLOCK _LENGTH * 2);

fractional preFilterFFTMag[FFT _BLOCK LENGTH]; // mogynn rapmMoOHUK
fractional postFilterFFTMag[FFT_BLOCK LENGTH]; // mogynn rapmMoHuK



PyHKUunm nporpammbl (API)

[IRTransposedinit(&Filter); [ImHnunanmnaaumsa CTpykTypbl dounstpa

TwidFactorlnit (LOG2_BLOCK LENGTH, &twiddleFactors[0], 0);
[IvHnymMann3aums maccuBa KoadoULUNEHTOB

[IRTransposed(64, output, composite, &Filter); KUX cdounetp

FFTComplexIP(LOG2 BLOCK LENGTH, fftinputOutput, twiddleFactors,
COEFFS_IN_DATA); /[ ctaguum blNo
BitReverseComplex(LOG2_BLOCK_ LENGTH, fftinputOutput);

/[ nepecTaHOBKa 311EMEHTOB
SquareMagnitudeCpIx(FFT_BLOCK_ LENGTH, fftinputOutput,
preFilterFFTMag); // BblMUCHEHNE KBagpaTa Moaynemn



Ctpyktypa cteHaa Starter Kit for dsPIC DSC

dsPIC33F DSC

OUTPUT
COMPARE

LOW PASS
FILTER

DCl & |2C™

AUDIO CODEC

12-bit ADC

ANTI-ALIASING |,

FILTER

SPI

SERIAL FLASH
MEMORY

*—|_.| HEADPHONE |
AMPLIFIER HEADPHONES
J6
«—— LINE
PRE-AMPLIER [* /<—— MIC

J7



NMNepudgepumnuHbie moaynu dsPIC



Moaynb cpaBHeHuA B pexume LLUAM

MNpepbiBaHue

T

1 Jloruka - - —>—] OCFx
| CpaBHeHUS R

SJOCFA/B

OCM<L2:0>
CpaBHeHUe on
peXxxuma
T 1
Timer2/3

TMR2 | TMR3 | Bbi6op Taiimepa




REGISTER 15-1: OCxCON: OUTPUT COMPARE x CONTROL REGISTER
uU-0 u-0 R/W-0 U-0 u-0 u-0 uU-0 uU-0
— - OCSIDL - - — - -
bit 15 bit 8
U-0 u-0 uU-0 R-0, HC R/W-0 R/W-0 R/W-0 R/W-0
- - — OCFLT OCTSEL OCM<2:0>
bit 7 bit 0
bit 13 OCSIDL: Stop Output Compare in Idle Mode Control bit

bit 4

bit 3

bit 2-0

1 = Qutput Compare x halts in CPU Idle mode
0 = Output Compare x continues to operate in CPU Idle mode

OCFLT: PWM Fault Condition Status bit
1 = PWM Fault condition has occurred (cleared in hardware only)
0 = No PWM Fault condition has occurred (this bit is only used when OCM<2:0> = 111)
OCTSEL: Output Compare Timer Select bit

1 = Timer3 is the clock source for Compare x

0 = Timer2 is the clock source for Compare x

OCM<2:0>: Output Compare Mode Select bits

111 = PWM mode on OCx, Fault pin enabled
110 = PWM mode on OCx, Fault pin disabled
101 = Initialize OCx pin low, generate continuous output pulses on OCx pin

100 = Initialize OCx pin low, generate single output pulse on OCx pin
011 = Compare event toggles OCx pin
010 = Initialize OCx pin high, compare event forces OCx pin low
001 = Initialize OCx pin low, compare event forces OCx pin high

000 = Output compare channel is disabled




CTtpyktypHas cxema DMA

Ykasarens Ha 6ycep DMA Peructp nepucepum
o3Y
o3y lNepudpepusn
obLuero DMA Ynp.| 0|1 @ DMA
Ha3HaYeHUn

Tnpepblaauue ﬂ
srrsass e rama {}

LWWHA JAHHLIX X

ALPO
MCU

lNepudepusn lNepudepusn
[Nepudpepus @ DMA @ DMA




Pexumbl padbotsl DMA

OpHokpaTHas nepeaaya

— kaHan DMA HeobxoamMmo nepekoHgurypuposaTth AnS
npogonxeHus obmeHa

ABTOMaTU4€CKUA NOBTOP
— BO3BpaT yKasaTtensa Ha Havano 6ydgepa DMA

ABTOMaTU4YECKUN NnoBTOP C NOJIOBUHHBIM 3aroJiHeHUeM

~  MpepblBaHNe BO3HUKAET Npy NONOBUHHOM 3anonHeHun Gydepa
Pexum «ping-pong»

~  ucnonb3yeTtcs aga Bydepa

PeXum KocBeHHOW agpecauun nepudepum

— nepudepninHbin moavnbe hopMUpveT CMeLLeHne ANg vkasaTens
Ha%ycg)e% MHE aynb popmMupy L ansay

PeXxum gononHeHus
— ABTOMaTuyeckas nepegada nocne npuvema (ana SPI)



Pexumbl pabotbl DMA

OOHOKpaTHasA nepenava

DMASTAX
4 .
=
COUNT++
DMACNTx
4 " , I1pepbiBaHue,

3aBeplueHne paboTbl

DMASTAx == (DMASTAx + DMACNTX)



Pexumbl pabotel DMA

ABTOMaTU4YeCKUW NOBTOP

’ DMASTAX

=]
@COU‘NT-H-

\ » [pepbiBaHue

DMACNTxX <

- DMASTAxX == (DMASTAx + DMACNTX)



Pexumbl pabotel DMA

ABTOMaTU4YECKUN noBTop C
NOJNIOBUHHBIM 3aNOJIHEHUEM

—%  DMASTAx

& =
| o

COUNT++

DMACNTX < N > [pepbiBaHue

Ny

DMASTAx == (DMASTAx + DMACNTx / 2)

N

~ DMASTAX == (DMASTAx + DMACNTX)




Pexumbl pabotsl DMA

Pexum Ping-Pong

s DMASTAX

l | COUNT++

= [IpepbiBaHue, COUNT =0

N\

DMASTAX == (DMASTAx + DMACNTX)

. —— DMASTBX

I | COUNT++

——— [IpepbiBaHue

DMASTBx == (DMASTBx + DMACNTX)



DMAxCON: DMA CHANNEL x CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 uU-0 uU-0 u-0
CHEN SIZE DIR HALF NULLW - - -
bit 15 bit 8
u-0 u-0 R/W-0 R/W-0 u-0 uU-0 R/W-0 R/W-0
- o AMODE<1:0> — — MODE<1:0>
bit 7 bit 0
bit 15 CHEN: Channel Enable bit
1 = Channel enabled
0 = Channel disabled
bit 14 SIZE: Data Transfer Size bit
1 = Byte
0 = Word
bit 13 DIR: Transfer Direction bit (source/destination bus select)

1 = Read from DMA RAM address, write to peripheral address
0 = Read from peripheral address, write to DMA RAM address

bit 12 HALF: Early Block Transfer Complete Interrupt Select bit
1 = Initiate block transfer complete interrupt when half of the data has been moved
0 = Initiate block transfer complete interrupt when all of the data has been moved
bit 11 NULLW: Null Data Peripheral Write Mode Select bit
1 = Null data write to peripheral in addition to DMA RAM write (DIR bit must also be clear)
0 = Normal operation
bit 10-6 Unimplemented: Read as ‘0’
bit 5-4 AMODE<1:0>: DMA Channel Operating Mode Select bits
11 = Reserved
10 = Peripheral Indirect Addressing mode
01 = Register Indirect without Post-Increment mode
00 = Register Indirect with Post-Increment mode
bit 3-2 Unimplemented: Read as ‘0’
bit 1-0 MODE<1:0>: DMA Channel Operating Mode Select bits
11 = One-Shot, Ping-Pong modes enabled (one block transfer from/to each DMA RAM buffer)
10 = Continuous, Ping-Pong modes enabled
01 = One-Shot, Ping-Pong modes disabled
00 = Continuous, Ping-Pong modes disabled



PERIPHERALS WITH DMA SUPPORT

Peripheral IRQ Number
INTO 0
Input Capture 1 1
Input Capture 2 5
Output Compare 1 2
Output Compare 2 6
Timer2 7
Timer3 8
SPI1 10
SPI2 33
UART1 Reception 1
UART1 Transmission 12
UART2 Reception 30
UART2 Transmission 31
ADC1 13
ADC2 21
DCI 60
ECAN1 Reception 34
ECAN1 Transmission 70
ECAN2 Reception 55
ECAN2 Transmission 71




JTabopaTtopHasa pabota 6

/ICTpyKkTypa ana obpabotunka sOCPWMHandle

typedef struct sOCPWMHandle {

int * buffer1; /[* ykasaTtenb Ha Ping Pong buffer 1 */

int * buffer2; /[* ykasaTtenb Ha Ping Pong buffer 2 */

volatile int bufferlndicator; /* nHgukaTtop akTMBHOCTM DydrepoB ping pong */
volatile int isWriteBusy;  /* uHgukaTop, 4To Oydepbl 3aHATLI */

int currentFrameSize; [* pasmep Tekyulero kagpa  */

int newFrameSize; [* pasmep cneaytoulero kagpa */

int currentSamplelndex; /* nnaekc TekyLwen Beloopkn */
}OCPWMHandle;



/| PyHkunn API

void OCPWMInit (OCPWMHandle * pHandle,int * pBufferinDMA);
OCPWMInit (pOCPWMHandle, ocPWMBuffer);
/[l vunumanunsauna OCPWM
void OCPWMStart (OCPWMHandle * pHandle);
OCPWMStart (pOCPWMHandle); // 3anyck OCPWM

void OCPWMWrite (OCPWMHandle * pHandle,int *buffer,int size, unsigned
char gain);
OCPWMWrite (pOCPWMHandle,composite,FRAME_SIZE, gain);

int OCPWMIsBusy (OCPWMHandle * pHandle);
(OCPWMIsBusy(pOCPWMHandle)

void OCPWMStop (OCPWMHandle * pHandle); // He ucnonb3yetca

void __ attribute  ((__interrupt__,no_auto_psv)) DMA1Interrupt(void)
//oBbpaboTka npepbiBaHUsA oT kaHana DMA1



[* ®yHKumMa numyunanusauuun DMA1 n LLAM */

void OCPWMInit (OCPWMHandle * pHandle,int * pBufferinDMA)

{ thisOCPWM = pHandle;
pHandle->buffer1 = pBufferinDMA; /* YkaszaTtenun 6ydepoB "nuHr-nonHr" */
pHandle->buffer2 =(int *) (pBufferinDMA) + OCPWM_FRAME_SIZE;

DMA1CON = 0x2002; /* Word transfers */
/* From DMA to OC1RS*/
/* Interrupt when all the data has been moved*/
/* No NULL writes - Normal Operation*/
[* Register Indirect with post-increment mode*/
/* Continuous ping pong mode*/

DMA1REQ= 0x7; [* Timer 2 Interrupt®/

DMA1STA = (int)(pHandle->buffer1) - (int)& DMA_BASE;

DMA1STB = (int)(pHandle->buffer2) - (int)& DMA_BASE; DMA1PAD = (int
)J&OC1RS;

DMA1CNT = OCPWM_FRAME_SIZE - 1;

T2CON =0;
TMR2 =0;
PR2=0;



Il PyHKumna sknrodeHna moayna OCPWM

void OCPWMStart (OCPWMHandle * pHandle)

{

pHandle-> bufferindicator= 0;

pHandle-> currentSamplelndex = 0;

pHandle-> currentFrameSize = OCPWM_FRAME_SIZE;
pHandle-> newFrameSize = OCPWM_FRAME_SIZE;
pHandle-> isWriteBusy =0;

_DMA1IF = 0;

_DMA1IE =1,

DMA1CONDbits.CHEN = 1; /* Enable the DMA1 Channel */

PR2 = OCPWM_MAX_PWM_ PERIOD; /* PWM Period */

OC1RS = ((OCPWM_MAX_ PWM_PERIOD)/2);/* Initial Duty Cycle at 50% */
OC1R = ((OCPWM_MAX_ PWM_PERIOD)/2);

OC1CON= OCPWM_OCCON_WORD:; /* Turn module on*/
T2CONDbits. TON =1; [* Enable Timer2 */



/| PyHkuma soiBoaa UMM curHana
void OCPWMWrite (OCPWMHandle * pHandle,int *data,int size, unsigned char gain)
{
int *dest; // ykazaTtenb Ha bydep
int i
unsigned int sample;
unsigned int pwmDutyCycle;
[* if the buffer indicator bit is 1, then write buffer 1 else use buffer2 */
dest = (pHandle->bufferlndicator) ? pHandle->buffer1 : pHandle->buffer2;
if (size >OCPWM_FRAME_SIZE) {size = OCPWM_FRAME_SIZE; }
for(i = 0; i < size ; i++) { /* Compute Duty cycle values for every input sample ¥/
sample = data[i] - (OCPWM_LOWEST _INPUT_VALUE);
pwmDutyCycle = ((sample * OCPWM_MAX PWM_PERIOD))
/OCPWM_INPUT_RANGE;
if ( pwmDutyCycle > OCPWM_MAX_ PWM_PERIOD ) {
pwmDutyCycle = OCPWM_MAX PWM_PERIOD - 1; }
if ( pwmDutyCycle <= 0) { pwmDutyCycle = 1; }
dest[i] = (pwmDutyCycle*gain)/16;

}

pHandle->newFrameSize = size; /[* Update the frame size*/
__asm___ volatile("disi #0x4"); /* disable Interrupts */
pHandle->isWriteBusy = 1;

__asm___ volatile("disi #0x0"); [* enable Interrupts */



I/l PyHKUMA aHanNn3a COCTOAHUA KaHana BbiBoAa

int OCPWMIsBusy (OCPWMHandle * pHandle)

{
return(pHandle->isWriteBusy);

}

//O6paboTuuk npepbiBaHua DMA1

int value = 0;
void __ attribute  ((__interrupt__,no_auto _psv)) DMA1Interrupt(void)
{
_DMA1IF = 0;
thisOCPWM->bufferindicator *= 1; /* Flip the indicator bit */
thisOCPWM->isWriteBusy = 0;/* New frame is available */



/| TnaBHaAa hyHKUMA nporpaMmmbl
int main(void)
{
[* OnepaTopbl HACTPOWKM TAaKTOBOro reHepaTopa Ha 4YactoTy 40MHz. */
___builtin_write_ OSCCONH(0x01); [*BHyTpeHHun FRC ¢ PLL*/
__builtin_write_ OSCCONL(0x01);
while (OSCCONDits.COSC != 0b01);/*OxngaHue nepeknoyeHns n saxsarta*/
while(!lOSCCONDbits.LOCK);
OCPWMiInit (pOCPWMHandle,ocPWMBUuffer); // nunymannsaumns OCPWM
OCPWMStart () OCPWMHandle); // saanyck OCPWM

SASKInit(); /InHMymanmnsauuns NnopToB
gain = 16;
while(1) //OCHOBHOW LMKN NS KaXaoro kagpa

{ I Oxupanune goctynHoctn OC gnsa HoBoro kagpa™/
while (OCPWMIsBusy(pOCPWMHandle));
[* 3anuck Kagpa Ha BbiBO4™/
OCPWMMWrite (pOCPWMHandle, composite, FRAME_SIZE, gain);
if((CheckSwitchS1()) == 1) //xkoppekunsa ycuneHmns
{if (gain < 17) gain = ++gain; }
if((CheckSwitchS2()) == 1)
{if (gain>0) gain =--gain; }



AHanoro-uncdpoBoun npeodpaszoBaTtenb
(pexxum 12 pa3psanos)

Vrer+ [ X

VREF- m

ANO E—
AN1 m—

AN15 m——

saxn induj

CHO

S/H

L
@oeyIa)U| sng

Conversion |,
Control
|
' +
AD C 16 word Data
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ADxCON1: ADCx CONTROL REGISTER 1

R/W-0 u-0 R/W-0 R/W-0 u-0 R/W-0 R/W-0 R/W-0
ADON - ADSIDL ADDMABM - AD12B FORM<1:0>
bit 15 bit 8
bit 15 ADON: ADC Operating Mode bit
1 = ADC module is operating
0 = ADC is off
bit 14 Unimplemented: Read as ‘0’
bit 13 ADSIDL: Stop in Idle Mode bit
1 = Discontinue module operation when device enters Idle mode
0 = Continue module operation in Idle mode
bit 12 ADDMABM: DMA Buffer Build Mode bit
1 = DMA buffers are written in the order of conversion. The module will provide an address to the DMA
channel that is the same as the address used for the non-DMA stand-alone buffer
0 = DMA buffers are written in Scatter/Gather mode. The module will provide a scatter/gather address
to the DMA channel, based on the index of the analog input and the size of the DMA buffer
bit 10 AD12B: 10-Bit or 12-Bit Operation Mode bit
1 = 12-bit, 1-channel ADC operation
0 = 10-bit, 4-channel ADC operation
bit 9-8 FORM<1:0>: Data Output Format bits

For 10-bit operation:

11 = Signed fractional (DOUT = sddd dddd 4do0 0000, where s = NOT.d<9>)
10 = Fractional (DOUT = dddd dddd dd00 0000)

01 = Signed integer (DOUT = ssss sssd dddd dddd, where s = NOT.d<9>)
00 = Integer (DOUT = 0000 00dd dddd dddd)

For 12-bit operation:

11 = Signed fractional (DOUT = sddd dddd dddd 0000, where s = NOT.d<11>)
10 = Fractional (DOUT = dddd dddd dddd 0000)

01 = Signed Integer (DOUT = ssss sddd dddd dddd, where s = NOT.d<11>)
00 = Integer (DOUT = 0000 dddd dddd dddd)




R/W-0

R/W-0 R/W-0 uU-0 R/W-0 R/W-0 R/W-0 R/C-0
HC HS HC, HS

SSRC<2:0> — SIMSAM ASAM SAMP DONE

bit 7

bit 0

bit 7-5

bit 3

bit 2

bit 1

bit 0

SSRC<2:0>: Sample Clock Source Select bits

111 = Internal counter ends sampling and starts conversion (auto-convert)

110 101 100 =Reserved :
011 = MPWM interval ends sampling and starts conversion

010 = GP timer (Timer3 for ADC1, Timer5 for ADC2) compare ends sampling and starts conversion
001 = Active transition on INTO pin ends sampling and starts conversion
000 = Clearing sample bit ends sampling and starts conversion
SIMSAM: Simultaneous Sample Select bit (only applicable when CHPS<1:0> = 01 or 1x)
When AD12B = 1, SIMSAM is: U-0, Unimplemented, Read as ‘0’
1 = Samples CHO, CH1, CH2, CH3 simultaneously (when CHPS<1:0> = 1x); or
Samples CHO and CH1 simultaneously (when CHPS<1:0> = 01)
0 = Samples multiple channels individually in sequence

ASAM: ADC Sample Auto-Start bit

1 = Sampling begins immediately after last conversion. SAMP bit is auto-set
0 = Sampling begins when SAMP bit is set

SAMP: ADC Sample Enable bit

1 = ADC sample/hold amplifiers are sampling

0 = ADC sample/hold amplifiers are holding

If ASAM = 0, software may write ‘1’ to begin sampling. Automatically set by hardware if ASAM = 1.
If SSRC = 000, software may write ‘0’ to end sampling and start conversion. If SSRC # 000,
automatically cleared by hardware to end sampling and start conversion.

DONE: ADC Conversion Status bit

1 = ADC conversion cycle is completed
0 = ADC conversion not started or in progress
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//[KOHCTaHTbI

#define ADC_CHANNEL_FCY 40000000

#define ADC_FSAMP 8000  /* Sampling Frequency */
#define ADC_BUFFER_SIZE 128 /* This is the size of each buffer®/
#define ADC_CHANNEL_DMA BUFSIZE (ADC_BUFFER_SIZE*2)

/ICTpyKTypa obpaboTumka npepbiBaHusa ot moayna AL

typedef struct sSADCChannelHandle {
int * buffer1;
int * buffer2;
volatile int bufferindicator;
volatile int isReadBusy;

}ADCChannelHandle;



/| PyHkunn API

void ADCChannellnit (ADCChannelHandle * pHandle,int * pBufferinDMA);
void ADCChannelStart (ADCChannelHandle * pHandle);

void ADCChannelRead (ADCChannelHandle * pHandle,int *buffer,int size);
int ADCChannellsBusy (ADCChannelHandle * pHandle);

void ADCChannelStop(ADCChannelHandle * pHandle);

/| KoHcTaHTbl HacTpouku moaynsa AL

#define ADCON1VAL 0x0744 /* 12 bit ADC with signed fractional format
* Triggered by Timer 3 and auto start
* sampling after conversion complete. */

#define ADCON2VAL 0x0000 /* Avdd and AVss voltage reference,
* use channel 0 with no scan*/

#define ADCON3VAL 0x0010 /* Tad is 16 Tcy */
#define ADCHSVAL 0x0000 /* ANO input on channel 0 */
#define ADPCFGVAL OxFFFE /* ANO input is Analog */

#define ADCSSLVAL 0x0000 /* No channel scanning */



Il PyHKUuna nanumanunsaumm moaynsa ALUMN n kanana DMA

static ADCChannelHandle * thisADCChannel;

void ADCChannellnit (ADCChannelHandle * pHandle,int * pBufferinDMA)

{

[* This function will intialize the DMA */
/* DMAQO is used to read from the ADC */
thisADCChannel = pHandle;
pHandle->buffer1 = pBufferinDMA;
/* Assign the ping pong buffers for the ADC DMA*/
pHandle->buffer2 = (int *)((int)pBufferinDMA + ADC_BUFFER_SIZE);

DMAOCONDIts.SIZE = 0; /* Word transfers */

DMAOCONDits.DIR =0; /* From ADC1BUF to DMA */
DMAOCONDbits.HALF = 0; /* Interrupt when all the data has been moved */
DMAOCONDbits. NULLW = 0; /* No NULL writes - Normal Operation */
DMAOCONDits. AMODE = 0; /* Register Indirect with post-increment mode */
DMAOCONDits. MODE = 2; /* Continuous ping pong mode enabled */
DMAOREQDbits.FORCE = 0; /* Automatic transfer */

DMAOREQDbits.IRQSEL = 0xD; /* ADC conversion complete */



DMAOSTA = (int)(pHandle->buffer1) - (int)& DMA BASE;
DMAOSTB = (int)(pHandle->buffer2) - (int)& DMA BASE;

DMAOPAD = (int )J&ADC1BUFO;
DMAOCNT =ADC_BUFFER_SIZE - 1;

AD1CON1 =ADCON1VAL; /* Load the ADC registers with value */
AD1CON2 =ADCON2VAL; [* specified in 12bitADCDriver.h */
AD1CON3 = ADCON3VAL;

AD1CHSO = ADCHSVAL;

AD1PCFGLDbits.PCFGO = 0;

AD1CSSL = ADCSSLVAL;

TMR3 =0;
PR3 = (ADC_CHANNEL_FCY/ADC_FSAMP) - 1;



/| PyHKUumna BknoveHusa moaynsa AL
void ADCChannelStart (ADCChannelHandle * pHandle)

{

pHandle->bufferindicator = 0;

pHandle->isReadBusy =1

_ DMAQOIF = 0;

_DMAOIE = 1;

DMAOCONDits.CHEN = 1; /* Enable the DMA Channel */
AD1CON1bits.ADON = 1; /* Enable ADC module */
T3CONDIts.TON =1; [* Enable Timer 3 */

}

/| PyHKUmMA BbiKNoYeHusa moaynsa AL
void ADCChannelStop(ADCChannelHandle * pHandle)

{

_DMAOIE = 0; [* Disable the DMA interrupt  */
DMAOCONDits.CHEN = 0; /* Disable the DMA Channel  */
AD1CON1bits.ADON = 0; /* Disable ADC module */
T3CONDbIts.TON =0; /* Disable Timer 3 */



/| PyHKUMA aHANoroBoro BBoAa

void ADCChannelRead (ADCChannelHandle * pHandle,int *data,int size)

{

int *source;
int i

[* if the buffer indicator bit is 1, then use buffer 1 else use buffer2 */
[* Since the DMA ping pongs between these buffer, you must know */
/* which one to read. The bufferindicators keep track of this */

source = (pHandle->bufferlndicator) ? pHandle->buffer1 : pHandle->buffer2;
if (size > ADC_BUFFER_SIZE) size = ADC_BUFFER_SIZE;

for(i = 0; i < size; i++)
{
data[i] = sourceli];
}
__asm___ volatile("disi #0x4"); /* disable interrupts */
pHandle->isReadBusy = 1;
__asm___ volatile("disi #0x0"); /* enable interrupts */



/| ®DyHKUMA aHannM3a coCTOSIHUA KaHana BBoAaa

int ADCChannellsBusy (ADCChannelHandle * pHandle)
{

}

return(pHandle->isReadBusy);

Il PyHKUMA 0OpaboTumnKa npepbiBaHUA OT KaHana DMA

void __ attribute  ((__interrupt __,no_auto _psv)) DMAOInterrupt(void)
{

_DMAOIF = 0;
thisADCChannel->bufferlndicator *=1; /* Flip the indicator bit */
thisADCChannel->isReadBusy =0; /* New frame is available */



/[ OcHOBHOM MOAYNb NPOrpamMmmbl

_FGS(GWRP_OFF & GCP_OFF);

_FOSCSEL(FNOSC_FRC):

_FOSC(FCKSM_CSECMD & OSCIOFNC_ON & POSCMD_NONE):
_FWDT(FWDTEN_OFF):;

#define FRAME_SIZE 128 /[ annHa kagpa
#define BLOCK LENGTH 128 /[anvHa 6roka

[* BblaeneHne namatn ans 6ydoepoB, NnepeMeHHbIX U Apansepo  */

int adcBuffer [ADC_CHANNEL DMA BUFSIZE] _ attribute ((space(dma)));
int ocPWMBuffer [OCPWM_DMA BUFSIZE] _ attribute_ ((space(dma)));

int samples [FRAME_SIZE];

ADCChannelHandle adcChannelHandle; /| 06bsiBNeHNEe CTPYKTYypbl ApanBepoB
OCPWMHandle ocPWMHandle;
ADCChannelHandle *pADCChannelHandle = &adcChannelHandle;
/lykasaTenun Ha CTPYKTYpbl
OCPWMHandle *pOCPWMHandle = &ocPWMHandle;

extern FIRStruct LowPassFilter;
int FilterOut[BLOCK LENGTH]; /*Output array where filtered output will be stored */



/| TnaBHaaA (pyHKLMA NporpaMmmbl
int main(void)

{

[* HacTpownka TakToBOro reHepartopa Ha 4Yactoty 40MHz.
* Fosc= Fin*M/(N1*N2), Fcy=Fosc/2
* Fosc= 7.37M*43/(2*2)=80Mhz for 7.37M input clock */

PLLFBD=41; [* M=41+2*/
CLKDIVbits.PLLPOST=0; [*N1=2 */
CLKDIVbits.PLLPRE=0; [* N2=2 */
OSCTUN=0:; /lueHTpanbHaa Yactota 7.37MIl 'y,

__builtin_write. OSCCONH(0x01); [*BHyTpeHHnn FRC ¢ PLL*/
___builtin_write. OSCCONL(0x01);
while (OSCCONDIts.COSC != 0b01); /*OxunpgaHue nepeknoydeHns n 3axsarta*/
while(!OSCCONDits.LOCK);

ADCChannellnit (pADCChannelHandle,adcBuffer); //mHnumanusaunsa AL
OCPWMInit (pOCPWMHandle,ocPWMBuffer); //vHny. OCPWM

ADCChannelStart(pADCChannelHandle); // 3anyck ALl
OCPWMStart (pOCPWMHandle); // 3anyck OCPWM
FIRDelaylnit(&Filter); [InHnymanmnsaunsa punstpa

/[ OCHOBHOW LIMKN

}



/| OCHOBHOMW UUKN

while(1)
{

[* OxugaHue OOCTYNHOCTU KaHana BBoda Af1d HOBOro kagpa ™/
while(ADCChannellsBusy(pADCChannelHandle));

[* 3anonHeHne maccuBa samples */
ADCChannelRead (pADCChannelHandle,samples,FRAME_SIZE);

[* ®yHKkumna KUX-cdounerpa */
FIR(BLOCK_ LENGTH,&FilterOut[0],&samples|[0],&LowPasskFilter);

[* OxugaHue goctynHoctn OC anga HoBoro kagpa*/
while(OCPWMIsBusy(pOCPWMHandle));

[* 3anucbk Kagpa Ha BbIBOA */
OCPWMWrite (pOCPWMHandle,FilterOut,FRAME_SIZE);
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typedef struct sWM8510Handle

{
int * inputBuffer1; /* Ping Pong Input Buffer 1 */
int * inputBuffer2; [* Ping Pong Input Buffer 2 */
int * outputBuffer1; [* Ping Pong Output Buffer 1 */
int * outputBuffer2; /* Ping Pong Output Buffer2  */
volatile int currentSamplelndex; [* Tracks the sample being processed */
volatile int currentFrameSize; /* The size of the current frame being processed - 1%/
volatile int newFrameSize; [* The size of the new frame  */
volatile int * activelnputBuffer; [* The active ping pong input buffer */
volatile int * activeOutputBuffer; [* The active ping pong output buffer */
volatile int statusFlag; [* Tracks the state of the driver */

}WM8510Handle;



void WM8510Read(WM8510Handle * pHandle, int * data, int size)
{

int * source;
int samplelndex;

if((pHandle->statusFlag & WM8510DRV_GET_BUFFER_IND) == 0)
{ source = pHandle->inputBuffer2; }
else { source = pHandle->inputBuffer1; }

if (size > WM8510DRV_CODEC_FRAME)
{ size = WM8510DRV_CODEC_FRAME; }

for(samplelndex = 0; samplelndex < size; samplelndex++)
{ data[samplelndex] = source[samplelndex]; }

[* Set the read busy flag indicating that no buffers are
* available for reading*/

__asm___ volatile("disi #0x4"); /* disable interrupts */
pHandle->statusFlag |- WM8510DRV_SET READ BUSY,;
__asm___ volatile(



void WM8510Write(WM8510Handle * pHandle, int * data, int size)
{

int* destination;

int samplelndex;

if((pHandle->statusFlag & WM8510DRV_GET_BUFFER_IND) == 0)
{ destination = pHandle->outputBuffer2; }
else { destination = pHandle->outputBuffer1; }

if (size > WM8510DRV_CODEC_FRAME)
{ size = WM8510DRV_CODEC_FRAME; }

pHandle->newFrameSize = size;

for(samplelndex = 0; samplelndex < size; samplelndex++)
{ destination[samplelndex] = data[samplelndex]; }

[* Set the write busy flag indicating that no buffers are

* available for writing */

__asm___ volatile("disi #0x4"); /* disable interrupts */
pHandle->statusFlag [= WM8510DRV_SET WRITE_BUSY;
__asm___ volatile("disi #0x0"); /* enable interrupts */



int WM8510IsWriteBusy(WM8510Handle *pHandle)

{
return( ((pHandle->statusFlag & WM8510DRV_GET WRITE_BUSY)==0)?0: 1);

}

int WM8510IsReadBusy(WM8510Handle *pHandle)

{
return( ((pHandle->statusFlag & WM8510DRV_GET _READ BUSY)==0)7?0:1);

}



