AN13498
{EFREES# LPC553x/LPC55S3x Haf PowerQuad TS S4biE

FE IR —2022F5825H RIFZEIS
s B

1 PowerQuad 1A 1 PowerQuad AR oo 1

. . . _ . 2 PowerQuad % ........cccvvierenenene 2

EEBHBNIEER R ANLER R, BEHTESNAIEHTES 21 PowerQuad BGIHETHEE ............ 2

4032, XIETF Cortex M33 I MCU 3Eijt, {EMHERIAMNEITRIRTIEL 22 PowerQuad FISEERE.......... 3

BiE (NTERGOTER, SRERRE, SNMEEGED) | 23 PowerQuad BIPIRRMIEREN ......4

Arm® Cortex-M33 SRASRAR AR R AR IR R

{BEESIMEEET 4 DSP 2819, BETEMAE FAZIERTA 10 25 3.2 ;%%Ln?u G;Jl HHESIRRE. ..o 6

o - o 3.3 FIEMETIEE ..o, 7

204, FEROMIARRS: 34 OEEEHIEETEA........ 7

. WIFHERE (84 32 (HUESL) - DSP BRAELT MRS 35  HEREEIRERM oo 11

AR AHRFIR, 36  FIRTEREG oo, 14

- BIRFERITEEEN (B, BVBHRE—NREINEEE) 4 ;’AV;;;&“ ad 55 Arm CMSIS-DSP 5199
53 13750 | o /S

BB R BRI, S BITIE o 21

- REERNENESSIIEN FFT (REEEMINR) FBIIA PRI v 22

BIN/REEE, LIRRTH (Biquad) JERER<Z2EHITHEE.
RE& Arm Hig&H 79 Cortex-M RFIRIZHRAHIER) DSP B, BEELNENT DSP E (CMSIS DSP Lib) . HiEERIR
ERORT DSP IheeRt, TR BHaiSRERMANAR. BRBEPIRBAER CMSIS DSP, BEEEHEBENER
BHTIERL, MNERTTERTLBIRIIRE. MCU T NEIRINES, ERIEIMARNRENBEMERZ!T (WHE—SREEE) .
BXFE, PowerQuad BtEOETIAET .
AT 2 DSP M AFRIEFITERK:
. EEfEER
— JEMFEE, =AREIIEE, FFT (REREEMNEGR) , BTFRENIERE (FIRIR)
— BFEsHBREFICERSTFIERITE.
- BEIRG
— FATREDHTR FFT (HRUREEMTNE) |, X981, BRME (Mel-Frequency) REMEIREL (FERERIE) |
IEIEEE (FIRMR) , FAFIEEVELEHI DCT (BEIREEIR)
— FAFRMEREFROEL RS,
o FRERLEERIRREETRE
— %EfF MAC
— FTFRGMNTERY Logistic/Sigmoid Bl (RAEEIZE) , MFRIUTSHOTHIEEER.
= =) sl
— BFORENN FFT (REEENTE) |, AFEs0RINRET/Eitt =MK%,

h
P
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14, PowerQuad o RS ESTIF AT D EFAITETEK,

2 PowerQuad f@f4

2.1 PowerQuad BIitEIhaE
VER—NERES A HAIEELR, PowerQuad T2 EE M EHTIHHEES., B RSMItES|E:

+ BH]F|E

. BHREEIE
« ZHRREGIE
« MM IR JEIKEES 12
« FEFEIMERRSS |E
* FIR jEiK=852
+ CORDIC 5|2
% 15T PowerQuad BTSS0I TETIHAE,

%= 1. PowerQuad RYTE{HINEE

PowerQuad F&{4

ERFRINHATE, FRETEH CPU RYHE, AFEMIFRERE.

eS|

Lge

bt 34

1/x, In(x), sqrt(x), 1/sqrt(x), e"(x), €"(-x), (x1) / (x2), sin(x), cos(x)

b IRRRE S

arctan(x), arctanh(x)

iR

—Br IR RS

AIBSIRS

- FIRERES

* FIR JEiK=SIEE
- BX

« B

xapE

* GBI
D&
© B
. 3R
« IRIAIBHR (ZTTEIER)

HMREEEHR (SEHEBANF)
o SCEREREEEM 3T (SCEBRARFS)

o

FELTA.....

{SEFAEES# LPC553x/LPC55S3x Hhf PowerQuad #HHTEIEE4ME, S 1R, 20224F 58 25 H

MRS
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PowerQuad f&#{4

% 1. PowerQuad BYTEHIhEE (48)
%5 Thee S 22
o FRERERMN I

- SHEERETGR (ERERNFS)
« SCHERCRIETIR (SSRERNFS!)
 HEBERIIER

XLETREMIRY T SCIN S R B ARTEH,

2.2 PowerQuad BiE 40

PowerQuad 5 Arm Cortex-M33 t4MRESAEOEEMTE—REH, mTLABE N EREE<S (MCR #1 MRC) hE, 35,
PowerQuad REBigIHE ol fRIRIIES 17eekikE AHB B4k, 7 Cortex-M33 iz BETH AP RBI LMS St @] {RiE
R—HEEHSER. 52E 1,

B2, FEnRARRERTIHENREE. 8%, XF PowerQuad, Arm Cortex-M HiMbIEESZOF AHB MO BF(EEE
WwS/EE, M AHB EHIZOMEAN RAM FHUEONBTRIENTT.

Co-Processor Co-Processor Registers
Interface Interface 9

AHB Slave

AHB Master s
Private RAM

SRl ARy Interface Master

Private RAM

AHB Slave Interface Slave

1. PowerQuad RS£EN

* IH4LIERRTNRE
EEZF N ENRNSEFHIRE— N EAREERIEITIHER, BESMER Cortex-M HMERRZORERMA S
FREIER. HliN, KSHEEFIHTEINRERRRLUXM UL, XEThREE R RIETERIR,

EFEERE LPC553x/LPC55S3x Hifd PowerQuad HH{ T35 S4M R, FE1hR, 2022458 25H

JvizEES ) 3/24
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PowerQuad F&{4

« EUER/DMA Ihae

EX—REREHTIHE, BERES—ALUER, PowerQuad {ERZEIUT DMA RIS TURAMEMNEHEGE. AHB 5@
DHRERYRPIEIESRIRINGE. FEREIHREFIRZENIEIRERIIRE. =T PowerQuad FRTFXLETRERY, FEIREFL PowerQuad
ROEULSFRS, RMUTF DMARIGER. fEfa, EitEEaET, PowerQuad B4 B ahfERX LIS RN,

B MCUXpresso SDK B4 PowerQuad 12 TIRFIHER. ZIXKSFERFF I8 T EEHEOIRE (hbEssE<) 0
AHB EUBIRVE (TheES72ER) . Eit, WERAFEA SDK AP FFERFRER, NIFTEXONEHES R SFRINRE.

2.3 PowerQuad RIAfFAIREO
2 PowerQuad fIA—MRAEFITEREN, EREGENFEXELE. RTIEEERANTES(Z, FENARNFLIE
0O, PIEENMNAREX, 23 PowerQuad THEEHISUEEIRE K.
« WMAA (InputA) , IEEEIAEUESEE 1 A9ISET.
« BINB (InputB) , KERFEABMASUEEIA 2 RUIEEr. HIU0, HHTHEMFINAEER, EH Input B A EEEOIED
B—1 .
« IiEFY (Temp) 15%T, EMIRNAE, ZiGRNAFELENSRBYEHTTEER (BT REERENZIEFERKIE) .
ZREMNELAITEZRIIAE, FEZESRR. PowerQuad £7ETEISZR BN EI1B NFHEEEE,
BEINNEXEEENEENAIER:
« [FIREHRAE (32 iER, 16 fIEMRT 32 fLFM)
+ PowerQuad FrRRIEUES (BRTHRIBREEMTIREESRSIZLN, BRI HER)
« ERIGERL (PowerQuad BEFSTERHANTI PR 2 FEHIT4EM. )
AP LIS ESZIFNRFIIHEFZ] PowerQuad 1B IS 1FeeF, W 2 Firr.

£ 2. Power Quad BIAFELIBIEOSTFEE

brihi o 2R 1588 ihE =1 vi|=|

0x000 OUTBASE i X9 E L RW 0
78

0x004 OUTFORMAT W XIEAEUE RW 0
Bz

0x008 TMPBASE IR X a1t RW 0
78

0x00C TMPFORMAT IR R AR RW 0
Bz

0x010 INABASE N A XispoEnt RW 0
Si78

0x014 INAFORMAT BN A XIgHEE RW 0
&=L

FREETA......

{SEFAEES# LPC553x/LPC55S3x Hhf PowerQuad #HHTEIEE4ME, S 1R, 20224F 58 25 H
RIS 424
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PowerQuad DSP 75f5

7= 2. PowerQuad HIRELIBIEOSESS (45)

Hatik = 2L 431 EBE

0x018 INBBASE i\ B Xisif9EE RW 0
5178

0x01C INBFORMAT N B XEHIEEE RW 0
B

PowerQuad BILASMEHEH RAM R7Z (5 Cortex-M iz th AHB EigFH=) F1EH RAM 7E (M 0XE000_0000 FFHA,
16 KB) . FAIRMTEM RAM RfF, BT ERZREELLT PowerQuad, EItt PowerQuad SYBERIAIELREHAFHILR,
MTIE T PowerQuad SREXEUWEAIASE, THE, PowerQuad EEEHBFHITIIIHIEIXIBRER RAM W17, MTIAZ! 128 (ZAYH
Eitt, BEEEUERINEERITELIIEE, fli0 FFT (REEEMER) | FIR, SRFERES,
EREiZER RAMA, HFE:

« RIEMEREMTES ZREESERRNEFREIRINNT (REERERmASmERT) .

« EHERETHNMBHIELNZERE. (TUBELERRTFANSRAEEERR ESEER NI HERART) .

- THARTFARMHIEN. ERNERTEAZB/SARFEREFIEE.

X
=n
o

3 PowerQuad DSP 75§l

ATBEARRAIRNERET, N8 PowerQaud fERATAYEZA RN PowerQuad BJ API,
Z I LPCXpresso55S36 # LiE1T, kLA LCD FERLAER GUI. fEnflTEd, —MERATESRREEE— 1 RIRAIHRE
NRERR, B—HUTREBES, SEREFEEMT. B FIR, BES LCD FRR, BERINBEHEMENZELRS .

ARBIERET PowerQuad FUMIEREERMENG, BFEF FIR JERESTE. XETEEASE DSP MAFERER, (LR
(Arm CMSIS-DSP Lib) SEHIRY, BEELZEARNE, PowerQuad 5 Arm CMSIS-DSP RIMEREXTEVAR(E T PowerQuad B API

5 Arm CMSIS-DSP API BI1EREELER,

BXRTENENATISEAAEANBEICTINIE. BXFEZER, 52N PowerQuad UM #1 SDK IRFIFEFFLED.

ATLAREEMNTR A, FHENE T {ER PowerQuad AY API 197574, EHENERIERTHLER.

3.1 EHIMRIRE

=17 DSP RlZRl, FRERHING,

o HEE— LPCXpresso55S36,

o EFE— N LCDER (28 KSR TFT BF)

+ 1% LCD &3 LPCXpresso55S36 (J102, J132, J92, J122)

* 15 IP64 195 (RH 3 1EREEI J9 B D13 (FTF flexspi fEF3 JP64 RYSIHD 1 FOS1M) 2, LCD AY BK w/mibkiEZl J9 A9 D13, )

 {FH blhost.exe BUTF \docs\images BIMUYR bin SXHTEE! r1exspi NFH., B FE, BIRIR (LPC553x 11
LPC55S3x &% Fff) FEiARY, 1T blhost TE#H{T NOR FLASH BtE. BIRTIMENSEHITRIE. &3 FIHTING
AEFHBRME bin SZAEI BRI,

{SEFAEES# LPC553x/LPC55S3x Hhf PowerQuad #HHTEIEE4ME, S 1R, 20224F 58 25 H
RZFEZEIC 5/24
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2 3. YK bin SRR RiELE

BR{& bin 32§ B#rithiit

Wel2db.bin 0x08000000
MAdd24b.bin 0x08030000
MInv24b.bin 0x08060000
MMul24b.bin 0x08090000
Tab24b.bin 0x080C0000

« BRI TEZ LPC5536/LPC55S36 it HHIRERIREHFHIZET.
« EFRMHERER DSP £, i sw3 (USR) 1%,

3.2 HER GUI BESREE

AT RBEMAEFIEHE—ATREF, AERLTEFINT —MEESR. BILAME—NFEFRIR, FRRZEREAE
SHAO. FERESANOEBEPENESLA cropLedpisplayPagerunc (19, BRI, EEMNT—MNBTRBEAZHNEHEAE.

®E, MCU HNEIRIEI, EEINIREPIIGEE, REEREPIRY ISR PRNE. EEMEERENTN, FERESS
RPHERS| (ERRME) YIREENAYESS.

/* List of lcd display with tasks. */
void (*cAppLcdDisplayPageFunc[]) (void) =
{
task pg fft 128,
task pg fft 256,
task pg fft 512,
task pg mat add,
task _pqg mat inv,
task pg mat mul,
task pg fir lowpass,
task pg fir highpass,
task pg records
}i
int main (void)

{

while (1)
{

keyValue = App GetUserKeyValue(); /* keyvalue is used as the index of task. */

if (keyValue != keyValuePre) /* only switch task when keyvalue is changed. */

{

App DeinitUserKey(); /* disable detecting key when changing lcd display. */
(*cAppLcdDisplayPageFunc [keyValue]) (); /* switch to new page with new task. */
keyValuePre = keyValue;

App InitUserKey(); /* enable detecting key for next event. */

}
_ WFI(); /* sleep when in idle. would wake up when the key interrupt happens caused by

the touch screen. */

}
EBMESH, H2HIT PowerQuad HHELISTRH—MERANES, FNEXSR(ERITEAINTE. ARKNELERERELCD F
iR,

{SEFAEES# LPC553x/LPC55S3x Hhf PowerQuad #HHTEIEE4ME, S 1R, 20224F 58 25 H
RZFEZEIC 6/24
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3.3 HBIENEINEE

E SRR HE SIS TERENR, BRSO RESERET MR E. B8, LS JEFUEMNIERES,
BT MR RS AR, 2T S ET R BRI R TR TR SR R T R D,

TEHRBIch, YR syorick ERTSSVENITATEE, ACAIRTLASIEEIE E Arm Cortex-M MCU oh, ETRISEFS 24 it ERSe(EmT

AT, XF LPC5536/LPC55S36 i, HE SysTick HHATEAYRHMRIZITIE 98 MHz, &AIHATEHRES 171 ms,

/* Systick Start */

#define TimerCount Start () do { \
SysTick->LOAD = 0xXFFFFFF ; /* Set reload register # P\
SysTick->VAL = 0 8 /% Clear Counter */ \
SysTick->CTRL = 0x5 ; /% Enable Counting*/ \

} while (0)

/* Systick Stop and retrieve CPU Clocks count */

#define TimerCount Stop(Value) do { \
SysTick->CTRL =0; /* Disable Counting */ \ Value = SysTick->VAL;/* Load the SysTick Counter Value
*/ \ Value = OxFFFFFF - Value;/* Capture Counts in CPU Cycles*/\ } while (0)

ER7EER:

uint32 t calcTime;

TimerCount Start();
arm_cfft g31(&instance, gPQFftQ31InOut, 0, 1); /* Calculation. */
TimerCount Stop(calcTime) ;

printf ("calcTime: %d", calcTime);

3.4 HREEEMNITIRERLG
ZENPE =R E RN TR 128 /1, 256 1512 ). NHEER PowerQuad HEREEM TR S | ZEAYRR:
« PowerQuad BILATERE{4 3733 16/32/64/128/256/512 sRfla(EEM2rRi & g,

* 2 PowerQuad fRIEFEEM TS | ZIEHEREFEREMIMR (LU REBCRZER) i, Bi% UN BtLIgEmianAL
7. WRFEIFENNER, UEEFHERMAGIE (RN A KE) RN, FEEREEENHRINERIZEN
1N, 1RYE IDFT AT, XEMALLT, FBHEERIMIGEHIE.

o REREREMNTIES | ZNEERMAFTRIREE 27 7, FTLAFGEMAEET KLARRIEH.
o SCEEREL (1 API BFRBLL P ARIR) ISR (£ API BFRFBLUICARIR) BEXMASIERFIENEHRNTS
THEF,
o WIRFH x=x0, x1..xN-1 L%, WREFFRIBMAIAEBLAXN] ={x0, x1, ... xN-1}9FFH.
« WNRFEH x=x0, x1..xN-1 &2 (x0_real+i*x0_im) , (xl_real+i*x1_im) , ... (xN-1_real +i*xN-1_im) F=(9
S, NREPAPRNSEEBLL X[N] = {x0_real, x0_im, x1_real, x1_im, ...xN-1_real, xN-1_im}SF=EH.
s BHFYIUSHEEENTAFHEERTS, EPstimHiuRnmsaE.
X517 PowerQuad A5 |2 (EIFHUREEMTR) it, RBE INPUT A REMEROBFEA, M ouT REGERONAT
m., BXTGS |ZREGEEOFERAZNSRER, BEF 4.

{SEFAEES# LPC553x/LPC55S3x Hhf PowerQuad #HHTEIEE4ME, S 1R, 20224F 58 25 H
RZFEZEIC 7124
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% 4. REEEHTRS I ZMAFLIRIEOAE

RS
_ ; e | BN/ - ==
BE | B | B ;ﬂﬂg inputA | InputB | MIRIL | WK | EABA/ | L. | GPREG/
B | Thek | x® pet Kimix | KMk | Bk | BEE | whgmEnnee COMPR
EG?
Ina scal
S Fiets ex/
JEEE | o cerr | AHB | L | BNEHE | NA. | EHEgE | O NA | TR | X 2
Fix-32 er/
s Out_scal
er
Ina scal
SR Fix-16 -
REER | pq_rfft | AHB T O MNSEE | ONA | bseE | NA | TPRseEl L X 2
Fix-32 er/
s Out_scal
er
Ina scal
it ot =/
BEEN | Pq iffc | AHB | L | BIAEHE | NA. | BHEUE | NA | TP Xeom 1]
Fix-32 er/
e Out_ scal
er
Ina scal
SHE Fiets ex/
ix-16, Ay ALy
#$3% | Pa_cdct | AHB : BMNEUE | NA | BHEEE | NA | PPl b x 2
Fix-32 er/
Qfﬁ Out_scal
er
Ina scal
SR Fix-16 -
#$3% | Pq_rdct | AHB TV BMASIE | ONA | EEEE | ONA | TS e 2
Fix-32 er/
Qfﬁ Out_scal
er
Ina scal
Y Fiets ex/
) X-16, Ay AL
R | paider | AHB | oo | EABOE | NA | WHEOE | NA | ST Xom 2
1 Out_scal
er

SEEARY PowerQuad APl 5 CMSIS-DSP APl 325, CMSIS-DSP FBFAZEEXNINEN, HMAJLUEY PowerQuad LI
BEHRANETT,

{SEFAEES# LPC553x/LPC55S3x Hhf PowerQuad #HHTEIEE4ME, S 1R, 20224F 58 25 H
RZFEZEIC 8/24
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LA 128 mBIRER{EEM A

extern
extern
extern
extern
extern

PowerQuad DSP 75f5

g3l t gPQFftQ31In[APP PQ FFT SAMPLE COUNT MAX*2u];
g31 t gPQFftQ310ut [APP_PQ FFT SAMPLE COUNT MAX*2u];
g3l t gPQFftQ31InOut [APP PQ FFT SAMPLE COUNT MAX*2u];

float32 t gPQFftF32In[APP PQ FFT SAMPLE COUNT MAX*2u];
float32 t gPQFftF320ut[APP PQ FFT SAMPLE COUNT MAX*2u];

void task pg fft 128 (void)

{

arm cfft instance g31 instance;
uint32 t i;
uint32_t calcTime;

/* Create the input signal.
for

{

i)

i)

/* PowerQuad FFT can only operate fix-point number.

input data.

/* real part.
gPQFftF32In[i*2]

}

(i

*/
i < APP PQ FFT SAMPLE COUNT 128;

0;
=

+ 1.0f * arm cos £32(

/* low frequence */

+ 0.5f * arm cos £32(

/* high frequence */

gPQFftF32In[i*2] /= 3.0f;
/* imaginary part */
gPQFftF32In[i*2+1]

0.0f;

1.5f /* direct current.

/* make sure the value in

i++4)

*/
( 2.0f * PI / APP_PQ FFT PERIOD BASE)

*

*

(4.0f * 2.0f * PI / APP_PQ FFT PERIOD BASE)

(0, 1) */

*/

arm float to g31(gPQFftF32In, gPQFftQ31In, APP_PQ FFT SAMPLE COUNT 128%*2u);

for

{

(i

gPQFftQ31InOut [i]
v

gPQFftQ31In[i] >>

}

instance.fftLen APP PQ FFT SAMPLE COUN
TimerCount Start(); /* start timing. */
arm cfft g3l (&instance, gPQFftQ31InOut,
TimerCount Stop (calcTime) ;

for (i

{

Ou; i < APP PQ FFT SAMPLE COUNT

Ou; i < APP PQ FFT SAMPLE COUNT 128 * 2u; i++)

5u; /* powerquad fft engine can only accept 27-bit

T 128;

0, 1); #/

/* computing.

128 * 2u; i++)

gPQFftQ310ut[i] = gPQFftQ31InOut[i] « 5u; /* restore the data from 27-bit to 32-bit. */
}
arm g3l to float (gPQFftQ310ut, gPQFftF320ut, APP PQ FFT SAMPLE COUNT 128*2u);
arm _cmplx mag f32( gPQFftF320ut, gPQFftF32In, APP_PQ FFT SAMPLE COUNT 128);
/* Todo
* - Record the time.
* - Display the waveform.
=
}
arm _cfft g31 ()U%_UEH PowerQuad EIXEIJ&F?" PQ_TransformCFET ()/PQ_Trans formIFFT (),
void arm cfft g31(const arm cfft instance g3l *S, g3l _t *pl, uint8 t ifftFlag, uint8_t
bitReverseFlaqg)
(FFB S LPC553x%/LPC55S3x Ff] PowerQuad T8 248, & 1HR, 2022458 25 H
MFE%EIC 9/24
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assert (bitReverseFlag == 1);

g3l _t *pIn = pl;
g3l _t *pOut = pl;
uint32 t length = S->fftlen;

PQ DECLARE_CONFIG;
PQ BACKUP CONFIG;
PQ SET FFT Q31 CONFIG;

if (ifftFlag == 10U)
{
PQ TransformIFFT (POWERQUAD NS, length, pIn, pOut);
}
else

{
PQ TransformCFFT (POWERQUAD NS, length, pIn, pOut);

PQ_WaitDone (POWERQUAD NS) ;

PQ RESTORE CONFIG;

SRR, PO_TransformCFFT () EREECE PowerQuad SHFESLUKEMN/BHIINFRKE,; Z/BEH PowerQuad {3 CFFT 5
RETE. FoRIXLIRERE, PowerQuad FHAT{E.

[
=

void PQ TransformCFFT (POWERQUAD Type *base, uint32 t length, void *pData, void *pResult)
{

assert (pData) ;

assert (pResult) ;

base->OUTBASE = (int32_t)pResult;

base->INABASE = (int32_t)pData;

base->LENGTH = length;

base->CONTROL = (CP_FFT « 4) | PQ TRANS CFFT; /* Launch the computing task. */

HitE5TRE, 1nst_Busy £, FIFPALASER po waitDone () BREERZESRF PowerQuad SERiiTE.

void PQ WaitDone (POWERQUAD Type *base)
{
/* wait for the completion */
while ((base->CONTROL & INST BUSY) == INST BUSY)
{
_ WFE(); /* Enter to low power. */

LiETEr e, SHREEEMIELFIE LCD FIER FEE TR, E 2 Fir.

(FFB S LPC553x%/LPC55S3x Ff] PowerQuad T8 248, & 1HR, 2022458 25 H
RZFEZEIC 10/ 24
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2. PowerQuad MiEEEBMHEEHR 128/256/512 £

3.5 BRI
KEMENMIEREES B ) BRI, 3 5 B T AR R IO BAST R,

2 5. PowerQuad fEfFKEBE

PowerQuad 3| 1RMERN BX1T
& 16 x 16

PEAEA 16 x 16

141K3570 16 x 16

st xEpETEE 16 x 16
EESI=ra 256 T

e 9x9

¥E 16 x 16

48N 16 x 16

FEREERIZINE C | C ++IEFIRITIRETEREP. Eib, SRS 2x2 BEuRF AT B J79:

fEABEESH LPC553x/LPC55S3x Y PowerQuad HHTE={=S4M 8, $F 1R, 2022F 58 25H

RIS 11/24
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BABMNEIRRIFEER RSP, T

int MatA[4]
int MatB[4]

BX PowerQuad RIRERES IZRIRFMEIZORIMAIE, BENE6.

{1, 2, 3, 4};
{5, 6, 7, 817

= 6. FEMFS I ZERREFLIREORAE

BERX IRENThEE | | WAAEE Input A Input B X | IR SIg
E5i7] g | XEBZE | RiEmx i iz

FEPEANE Pg_mtx_add AHB FP, Fix-16, | %EfF M1 %EpE M2 FERIEE N.A. piS]ics
Fix-32 (Matrix)

ERERSE Pq_mtx_sub AHB FP, Fix-16, | %8F% M1 %E5E M2 ZEREFE | NA =]
Fix-32 (Matrix)

JEREIGIA | o mbx_had AHB FP, Fix-16, | %8fF M1 xapE M2 EEAEE | NA yiEliL

mFn Fix-32 (Matrix)

*EREFR Pg mtx_pro d | AHB FP, Fix-16, | %BF%E M1 %B8E M2 LEERIRME N.A. =i
Fix-32 (Matrix)

"ERE Pq_mtx_inv AHB FP, Fix-16, | %G M1 N.A. FERIBE 5% 1024 | 5565
Fix-32 Az (Matrix)

e E Pg mtx_tra n | AHB FP, Fix-16, | %% M1 N.A. FERIBE N.A. piS]ic
Fix-32 (Matrix)

FEPEAERY | Pq mtx scale | AHB FP, Fix-16, | BB M1 NA. (4852 | &E5R%EFFE | NA yia]c3
Fix-32 EFE (Matrix)

MISC &7
B8h)

AEmH Pq _vec_dot p | AHB FP, Fix-16, | & A [EB TEREER N.A. i

Fix-32 (Matrix)

TR, 8MESERT=MITE:
* task pq mat add () FBFHEREINE
* task_pqg_mat_mul () FFFEMETEGE
* task_pqg_mat_inv () FIFREREKIE

FRIREEEMNZHE—F, PowerQuad IRFNFEFSLHL T CMSIS-DSP API, LA task_pg mat_add () 9fl, BRAES
CMSIS-DSP API 8.

#define PQ MAT ROW COUNT MAX
#define PQ MAT COL COUNT MAX
/* A+ B =C. */
void task pg mat add(void)

{

l6u

arm matrix instance f32 matrixA;
arm matrix instance f32 matrixB;

arm matrix instance £32 matrixC;
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float32 t mDataA[PQ MAT ROW COUNT MAX] [PQ MAT COL COUNT MAX];
float32 t mDataB[PQ MAT ROW COUNT MAX] [PQ MAT COL COUNT MAX];
float32 t mDataC[PQ MAT ROW_COUNT MAX] [PQ MAT COL COUNT MAX];
uint32 t i, Jj;

uint32 t calcTime;

/* Initialize the matrix. */
for (i = Ou; i < PQ MAT ROW COUNT MAX; i++)

{
for (j = Ou; j < PQ MAT COL COUNT MAX; j++)

{

mDataA[i] [j] = 1.0f * i * PQ MAT ROW_COUNT_MAX + j;

mDataB[i] [j] = 1.0f * i * PQ MAT ROW COUNT MAX + j;

}

}

matrixA.numRows = PQ MAT ROW COUNT MAX; matrixA.numCols = PQ MAT COL COUNT MAX; matrixA.pData

(float32_t *)mDataA; matrixB.numRows = PQ MAT ROW_COUNT MAX; matrixB.numCols = PQ MAT COL_COUNT_MAX;

matrixB.pData = (float32 t *)mDataB; matrixC.numRows = PQ MAT ROW COUNT MAX; matrixC.numCols
= PQ MAT COL_COUNT_ MAX;
matrixC.pData = (float32 t *)mDataC;

/* Calc & Measure. */

TimerCount Start();

arm mat add f32(&matrixA, &matrixB, &matrixC);
TimerCount Stop(calcTime) ;

/* Todo

* - Record the time.

* - Display the waveform.
Y

}
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3.6 FIR jBaEHl
ZHIRERZEE— SR/ 8 FIR I8KEs.
PN TISR I RIRTIEAES
* task pq_fir_lowpass () BTREREKER, UERESESTHSIESFRRRRES.
* task_pq fir highpass () BT EEIIRKE, UEMESESTIRRESHIRESES.

EfsR, Matlab ST EIRRERAOMSL (RE) . AE#HA PowerQuad, BEHSHEIBMZHINIESHSIELE, BT
FERTHOEAIT L

RISESRIMES (1 kHz RIIEZIKR) MEES (15 kHz WIESRN) RORAEES. E 4 25, B SZImE.

1 I 1 1 I I 1

09 -
08 -
07 &
0.6 T

05 P .
04 | .

0.3 &

02 —
0.1 A

0 ! ! 1 ! ! 1
0 50 100 150 200 250 300 350

B 4. BaESHYRR

{SEFAEES# LPC553x/LPC55S3x Hhf PowerQuad #HHTEIEE4ME, S 1R, 20224F 58 25 H
MNFZEIC 14124




BE B

PowerQuad DSP 7=l

5. iR SIESHTE

£ MatLab FHEITLAUEBLAB I REL,

clear all

close all

Fs=48000;

T=1/Fs;

Lenght=320;

t=(0:Lenght-1) *T;
Input_signal=(sin(2*pi*1000*t)+0.5*sin(2*pi*l5000*t)+l.5)/3;
figure;

plot (Input signal);

res=fft (Input signal, Lenght);

figure;

f=((0:Lenght-1) /320*Fs) ;

plot (f,abs (res));

Cutoff Freg=6000;

Nyq Freg=Fs/2;

cutoff norm=Cutoff Freq/Nyq Freq;

order=31;

FIR Coeff=firl (order,cutoff norm, 'high'); % for high-pass
$FIR Coeff=firl (order,cutoff norm); % for low-pass
Filterd signal=filter (FIR Coeff,1,Input signal);
figure;

plot (Filterd signal);

fvtool (FIR Coeff,'Fs',Fs); % generate the coeff and display the diagram

IERERRS IR
- KA BiE/RE
- %L 32
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{4 Filter Visualization Tool - Figure 4: Magnitude Response (dB)
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Figure 4: Magnitude Response (dB)
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"4 Filter Visualization Tool - Figure 4: Magnitude Response (dB}
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4 Filter Visualization Tool - Figure 4: Impulse Response = G X
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void task pqg fir highpass(void)

{

uint32 t i;
uint32 t Fs=48000;

arm fir instance f32 S;
float32 t *inputF32, *outputF32;
uint32_t calcTime;

inputF32 = &gPQFirF32In[0];
outputF32 = &gPQFirF320ut[0];

/* Generate the wave. */
for (i = 0; i < FIR_INPUT LEN; i+t+)
{

gPQFirF32In[i] = 1.5

+ 0.5 * arm sin £32 (2*PI*15000*i/Fs)
+ arm_sin £32(2*PI*1000*i/Fs)

gPQFirF32In[i] /= 3.0f;
}
//

/* Call FIR init function to initialize the instance structure.

arm _fir init £32( &S,
NUM TAPS,

(float32 t *)&firCoeffs32 highpass([0],

&firStateF32[0],
FIR INPUT LEN );
PQ Init (POWERQUAD NS) ;
pg _config t pgConfig;

paConfig.inputAFormat = kPQ Float;
paConfig.inputAPrescale = 0;
paConfig.inputBFormat = kPQ Float;
pagConfig.inputBPrescale = 0;
paConfig.outputFormat = kPQ Float;
pagConfig.outputPrescale = 0;
paConfig.tmpFormat = kPQ Float;
paConfig.tmpPrescale = 0;
paConfig.machineFormat = kPQ Float;
paConfig.tmpBase = (uint32 t *)0xE0000000;
PQ SetConfig (POWERQUAD NS, &pgConfig);

/* move the taps into private RAM to improve the performance of operating memory.

PQ MatrixScale( POWERQUAD NS,

POWERQUAD MAKE MATRIX LEN (16, NUM TAPS / 16, 0),

1.0,

firCoeffs32 highpass,

EXAMPLE PRIVATE RAM );
PQ WaitDone (POWERQUAD NS) ;

/* In the next calculation, data in private ram is used.

paConfig.inputBFormat = kPQ Float;
paConfig.outputFormat = kPQ Float;
PQ SetConfig (POWERQUAD NS, &pqgConfig);

TimerCount Start();

PowerQuad DSP 7=l

*/

PQ FIR(POWERQUAD NS, inputF32, APP PQ FIR SAMPLE COUNT 240, EXAMPLE PRIVATE RAM, NUM TAPS,
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outputF32,PQ FIR FIR);
PQ7WaitDone (POWERQUAD NS) ;
//arm_fir £32 (&S, inputF32, outputF32, FIR INPUT LEN);
TimerCount Stop(calcTime) ;

/* Todo ...

* - Record the time.

* - Display the waveform.
=/

}

Liz{TH PowerQuad FEAHNITAYIEIKERERSLHIRS, FERIGERE LCD FL, W& 10 Ak,

10. PowerQuad FIR Sil/{EiEiERE

4 PowerQuad 5 Arm CMSIS-DSP BYTEEEXTEL
EERIREHR, 8ET7—/RE, BFE PowerQuad ] Arm CMSIS-DSP E{THEEMESEHHITHIR, I THLIRIIAF M,

fEiz{T DSP {E53RY, 181E RAM HRIE1T Arm CMSIS-DSP {3, i PowerQaud #&{EFREMR RAM, {RIEEIENAZISRSMRE.
11 BRTEFE.
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Draft — A draft status on a document indicates that the content is still
under internal review and subject to formal approval, which may result
in modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included in a draft version of a document and shall have no

liability for the consequences of use of such information.

Disclaimers

Limited warranty and liability — Information in this document is believed

to be accurate and reliable. However, NXP Semiconductors does not give
any representations or warranties, expressed or implied, as to the accuracy
or completeness of such information and shall have no liability for the
consequences of use of such information. NXP Semiconductors takes no
responsibility for the content in this document if provided by an information
source outside of NXP Semiconductors.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation -
lost profits, lost savings, business interruption, costs related to the removal or
replacement of any products or rework charges) whether or not such damages
are based on tort (including negligence), warranty, breach of contract or any
other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability towards
customer for the products described herein shall be limited in accordance with
the Terms and conditions of commercial sale of NXP Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to make
changes to information published in this document, including without limitation
specifications and product descriptions, at any time and without notice. This
document supersedes and replaces all information supplied prior to the
publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical

or safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
toresultin personal injury, death or severe property or environmental damage.
NXP Semiconductors and its suppliers accept no liability for inclusion and/or
use of NXP Semiconductors products in such equipment or applications and
therefore such inclusion and/or use is at the customer’s own risk.

Legal information

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their applications
and products using NXP Semiconductors products, and NXP Semiconductors
accepts no liability for any assistance with applications or customer product
design. It is customer’s sole responsibility to determine whether the NXP
Semiconductors product is suitable and fit for the customer’s applications and
products planned, as well as for the planned application and use of customer’s
third party customer(s). Customers should provide appropriate design and
operating safeguards to minimize the risks associated with their applications

and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default in the
customer’s applications or products, or the application or use by customer’s
third party customer(s). Customer is responsible for doing all necessary testing
for the customer’s applications and products using NXP Semiconductors
products in order to avoid a default of the applications and the products or of the
application or use by customer’s third party customer(s). NXP does not accept

any liability in this respect.

Terms and conditions of commercial sale — NXP Semiconductors products
are sold subject to the general terms and conditions of commercial sale,

as published at http://www.nxp.com.cn/profile/terms, unless otherwise agreed
in a valid written individual agreement. In case an individual agreement

is concluded only the terms and conditions of the respective agreement

shall apply. NXP Semiconductors hereby expressly objects to applying the
customer’s general terms and conditions with regard to the purchase of NXP
Semiconductors products by customer.

Export control — This document as well as the item(s) described herein may be
subject to export control regulations. Export might require a prior authorization

from competent authorities.

Suitability for use in non-automotive qualified products — Unless this

data sheet expressly states that this specific NXP Semiconductors product
is automotive qualified, the product is not suitable for automotive use.

Itis neither qualified nor tested in accordance with automotive testing

or application requirements. NXP Semiconductors accepts no liability for
inclusion and/or use of non-automotive qualified products in automotive

equipment or applications.

Inthe eventthat customer uses the product for design-in and use in automotive
applications to automotive specifications and standards, customer (a) shall use
the product without NXP Semiconductors’ warranty of the product for such
automotive applications, use and specifications, and (b) whenever customer
uses the product for automotive applications beyond NXP Semiconductors’
specifications such use shall be solely at customer’s ownrisk, and (c) customer
fully indemnifies NXP Semiconductors for any liability, damages or failed
product claims resulting from customer design and use of the product for
automotive applications beyond NXP Semiconductors’ standard warranty and
NXP Semiconductors’ product specifications.
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Translations — A non-English (translated) version of a document, including
the legal information in that document, is for reference only. The English
version shall prevail in case of any discrepancy between the translated and

English versions.

Security — Customer understands that all NXP products may be subject to
unidentified vulnerabilities or may support established security standards or
specifications with known limitations. Customer is responsible for the design
and operation of its applications and products throughout their lifecycles

to reduce the effect of these vulnerabilities on customer’s applications
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for compliance with all legal, regulatory, and security related requirements
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