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1 %@

— ROk DSPAr NS, H— 75 5 4 F —Digital signal processing, & K255 5 PAELT
J5 R R I LA P ES FH R, AR e fE L A A, HH B % B e i fi i
SERAE S BT R BRI —Fh 77k BAN N E 5 AP EE — Digital signal processor,
e FEH TR E OB RS, RET NG S AEEMS, R ESIIuEeE s
#:in, ARM®N 1% ()DSPJ& T Digital signal processor]—Ff, #& LAY %6 1 241 538 5 45
4, ML A R A5 S A3 gE, IAREE H I H .

Cortex®-M4 ADSPY 7 (I ZAE 5B 164 L E N Fefl 2N(MAC, or Multiply-and-Accumulate)
N ELFE 4 Z B PRIA(SIMD, or Single Instruction Multiple Data). DSP(Digital Signal Processing, %%
FAE SR h S KB EUEEHE, #HDSPIIZAESIsH RS AT IR EMCULL B 5 73
FASSHIRE S1. FIRFARM®$2 4 T CMSIS (Cortex Microcontroller Software Interface Standard) DSP
AR, WNEIALIE B REIMIDSPAE, BEF 2 H HEUFREUES, AP AT BITHA 2T
Fe4, AT AR BRI,

1.1 Cortex®-M4 #¥% f¥5 DSP KB E

T EL1-1F026 T 35 I Cortex®-M R F1) a2 1 be A%, 7] LA H Cortex®-MATE #5445 A i 41
Fevk. REOERRVE. MALE . B s S AP EA 5 4 DL R VT 8 AR Cortex®-M34 B & 1
e,

®
| mEREE | mfmEE | Dt | AR
Cortex®-M0+ PR T 7 7
Cortex®-M3 AR H I 7
Cortex®-M4 AR H H priy]

% 1-1 Cortex®-M R 5|z 28 L s

—MEARIIDSPAC RS, 1B W] LR VRN 4 9P 2K

150715 5 47 %% (Digital Signal Processor)

2. 807155 5 2% (Digital Signal Controller)

F—R— RN R ETE TR, HAR SR 4 2 s w5 S s ik, 2R
IERERS RS2 DL — IR AT A B 55, 7R RIS AR R BT 75 M E S 1 T — MR &
LMBFFPATIZE, TAHEFFRERN NN ], KIERBWEHERE ), HLRiITE
FePE LR R, —OR UL VA QNI HE 2R B A . KA IDSP A S s L, A
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BRI R S e, T2 B S AR B R SR S, T DM BT, A
VP SUBOK A R IO ZNAS W . ARV S DSPIE AT FR 38, i B R — A H BT K 16D £
FHE. V7 SRR A R R TR 755 20 2 o 5 T AL e B8 52
5 R R A S S AR TR, DU, IR T RN S A
55 3 9 D4 = 3 130 S5 5 40t AL ARM® Cortex®-MAJR 15— 45 %, 3 HLI
HARMAHI 2 (03 H, £75ARM® Cortex®-MAH A - 57 i) T KL AT LUSL .

1.2 NuMicro® M4 %&3%)] DSP ZhRES 4
1.2.1 FRE M (Multiply-and-Accumulate)

FefH B IN(MAC, or Multiply-and-Accumulate), 7E{5 5 AbFE & FIEHE, ANE MRz H
(1.1), BUEAEHE H (Convolution) 1A R K i 87 i3 45 (FIR)(1.2), 38 2 PR IE A 7 AR 4 (FFT)
Hh AR B ) butterflyiz 5.(1.3) & (1.4) AR AE & s s fH 2.

all al2 al3] [b11 b12 b13] [allxbll+al2Xxb21+al3xb31l .. ..
a2l a22 a23|x|b21 b22 b23|=|a21xb1l+a22%xb21+a23xb31 .. .| (L1)
a31 a32 a33] 1p31 32 b33 la31xb11+a32xb21 + a33 x b31
yln] = ¥k hlklx[n — k] (1.2)
Ylki] = X[ky] + X[k ] (1.3)
Y[k;] = (X[ki] = X[kz])e7® (1.4)

Cortex®-M4WNC B T —/N3261 [IMAC, ‘B REAE LA JE 1 B 52 o5 dt v S 5 Sy 3257 3l 3217 - N6 447 1)
B, SEWALI6AIRI6A HEE . ARM® Cortex®-M453yEE R B A S HIE SN TR
1-2, PLRENE SiaHE HiX i BREE — N N 58

BH RERX LR ZIIES
16X 16=32 Signed Multiply (SMUL) SMULBB, SMULBT,
SMULTB, SMULTT
16x16+32=32 Signed Multiply and Accumulate (SMLA) | SMLABB, SMLABT,
SMLATB, SMLATT
16x16+64=64 16-bit Signed Multiply with 64-bit SMLALBB, SMLALBT,
Accumulate (SMLAL) SMLALTB, SLMALTT
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16x32=32

16-bit by 32-bit signed multiply returning
32 MSB, i.e. word (SMULW)

SMULWB, SMULWT

(16%x32)+32=32

Q setting 16-bit by 32-bit signed multiply
with 32-bit accumulate (SMLAW)

SMLAWB, SMLAWT

(16x16)+(16x16)=32

Q setting sum of dual 16-bit signed multiply
(SMU-AD)

SMUAD, SMUADX

(16x16)-(16x16)=32

Dual 16-bit signed multiply returning
difference (SMU-SD)

SMUSD, SMUSDX

(16x16)+(16x16)+32=32

Q setting dual 16-bit signed multiply with
single 32-bit accumulator (SMLAD)

SMLAD, SMLADX

(16x16)-(16x16)+32=32

Q setting dual 16-bit signed multiply
subtract with 32-bit accumulate (SMLSD)

SMLSD, SMLSDX

(16x16)+(16x16)+64=64

Dual 16-bit signed multiply with single 64-
bit accumulator (SMLALD)

SMLALD, SMLALDX

(16x16)-(16x16)+64= 64

Q setting dual 16-bit signed multiply
subtract with 64-bit accumulate (SMLSLD)

SMLSLD, SMLSLDX

32x32=32 Multiply MUL
32+(32x32)=32 Multiply accumulate MLA
32-(32x32)=32 Multiply subtract MLS

32x32=64

Long signed/unsigned multiply

SMULL, UMULL

(32%x32)+64=64

Long signed/unsigned accumulate

SMLAL, UMLAL

(32x32)+32+32=64

32-bit unsigned multiply with double 32-bit
accumulation yielding 64-bit result

UMAAL

32+(32x32) = 32 MSB

32-bit multiply with 32-most-significant-bit
accumulate

SMMLA, SMMLAR

32-(32x32) =32 MSB

32-bit multiply with 32-most-significant-bit
subtract

SMMLS, SMMLSR

(32X 32)=32 MSB

32-bit multiply returning 32-most-
significant-bits

SMMUL, SMMULR

% 1-2 ARM® Cortex®-M4 5338 g/ 2 e 14E 44
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1.2.2 BEIBSZEIERM(SIMD, or Single Instruction Multiple Data )
] LA$R R Cortex®-MATE AT DSPIz S 15 2%, IX7ECortex®-M3 1 3R FF. fdi i Cortex®-
M4]SIMDYE 4, HA R R N(1.5), AT RLE—AN AN AT 1 58 a8 SR AR 2, 5K
se2 M6 s R . HAR A RIA &R L-2K KA SMUAD, SMUADX , SMLSD, SMLSDX...
&,

Sum = Sum + (ax c) + (b x d) (1.5)

1.2.3 B RIBHEB(FPU, or floating point unit)

ARM® Cortex®-M4t 45 754 |EEE-7T5440 30 (7% SIS B 07T, T S0KS V7 e (S S b ik |+
WEREEN MG, FR1-8F)% T RS S BN EE SRS, 7 LUE B F S B0 i
1EIHE, ARM® Cortex®-M44 2 fifused MACHS 4 LA kS 1 .

BRERREBHE 84 PATHZR
IR VADD.F32, VSUB.F32 1
el VMUL.F32 3
P R VMLA .F32, VMLS.F32, VNMLA F32, VNMLS.F32 3
Fused MAC VFMA.F32, VFMS.F32, VFNMA.F32, VFNMS.F32 3
IR VSQRT.F32 14
FRFR VDIV.F32 14

R 1-3 Pl RN E S SR AL

1.3 CMSIS DSP B¥ENE

% Cortex®-M4H [{IDSPIfiE, CMSIS-DSPEB4- 42t 7 481 60Fh T GE I DSP&VE, FEE 42K
~#1-4.

REOZH R BEBAE
Basic math functions A8 M TR . ) ZEXHEFIfr .. Ak,
Fast Math Functions fi,& CosineflSinefH LA & & 77 2/ B 7] .
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Complex math functions S EHOEM ., i EH. EELE.. E5

Filtering Functions WEER KRR BT8R . A PR e B g8 Ao 2k
Wi N JFE VY . Ak

Matrix functions BRI RTEIE 5 . IRAE PR AL B S
Transform Functions A SR A B0 AL AR S P2 80 A B 4% 7% A8
Controller Functions 12 PIDEH 25 ClarkeZs #: FlPark A% #i

Statistics Functions BB R/ME TRBUSHE . driE . 227 Hn-r

Support Functions B A A AU A 1 SR AN AL A S X

Interpolation Functions 05 B VA AE 5 Xk A (B

* 1-4 DSP MBUEN KRG AR
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2 nfafEFINuMicro® M4 &%) DSP A & CMSISE $EE

18 FINuMicro® M4 £ %1] DSPF5-4 Zhfg s =7 R K,

1.{# FICMSIS DSP] 8 %5 /%

2B e S e F R, RGN FEHIDSPIES .

3R HIES

AR E LA FCMSIS DSPITREE, HIFEFE N EE DR e, M o] DLE A T
KRB, RN EEEE ORI, v DA R PRI AT () 8] .

2.1 Cortex®-M4 DSP JFi575

FrENuMicro® M4 2 517 5 IIBSPH B8 45 41, 2 Cortex®-M4 DSP i & 7 A2 I JF 461,  HokY
2 7 B \Library\CMSIS\DSP_Lib\Source %1 & 2-1 . \Library\CMSIS\DSP_L ib\Examples i 73 A
ARMCHT LA FIDSPRITEBIRE R, T &% .

e o S
N W

@\_-}M | < Library » CMSIS » DSP_Lib » Source » - | 44 || Search Source I
Organize - Include in library « Share with = Mew folder == « [ .@.
. Nuvoton * MName Date modified Type
J BSP Library — .
. ARM 2016/3/7 T 0210 File folder
. M4515eriesBSP_v3.01.001 ) . _ .
. BasicMathFunctions 2016/3/7 50210 File folder
. Document _ i
= . CommonTables 2016/3/77 T+ 0210  File folder
J Libra -
CMEIS . ComplexMathFunctions 2016/3/77 0210  File folder
: ) . ControllerFunctions 2016/3/7 T=F02:10  File folder
. Documentation i _ i
. . . FastMathFunctions 2016/3/7 T 0210  File folder
| i _
- . FilteringFunctions 2016/3/7 T 0210  File folder
| Examples S :
; G++ 2016/3/7 50210 File folder
| Source S .
1 L , GCC 2016/3/7 0210  File folder |
J Include = . . _ i
= . MatrixFunctions 2016/3/9 0511  File folder
) I_ . StatisticsFunctions 2016/3/7 T5 0210  File folder
. Device ) S — .
- . SupportFunctions 2016/3/7 T 0210  File folder
. MuEdu - -
. . TransformFunctions 2016/3/7 T 0210  File folder
. SmartcardLib
. StdDriver
. UsbHostLib
J SampleCode
J ThirdParty — e T b
13 items

K] 2-1 Cortex®-M4 DSPRE B EERY KA B
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2.2 Keil fH NuMicro® M4 &%) DSP Zhf
® JFF/SDSPIhRE
a) &P Target Options, PJ#Z C/C++% [, Define i A\ ARM_MATH_CM4=1.

i kA Options for Target 'dsp_fft' ¢ = |

Device | Target | Output | Listing | Userl C/Ce+ lsn | Linker | Debug | Uities |

~ Preprocessor Symbols
I Define: JARM_MATH_CM4=1 I
Undefine: [

~ Language / Code Generation .

I~ Stict ANSIC Wamings:

Optimization: ||_eve|2(oz) v| [~ Enum Container always int IN Wamings 'I
[~ Optimize for Time [™ Plain Charis Signed [T Thumb Mode
[ Spit Load and Store Muttiple [~ Read-Only Postion Independent [~ No Auto Includes
[V One ELF Section per Function [~ Read-Write Posttion Independent [~ C99 Mode

b;ﬂ;;“ie l..\,.\..\..\Library\Device\Nuvomn\NUCSDSSmes\hdude:..\..\..\..\Lhary\CMSlS\hclude:..\..\..\..\ J

Misc
Controls
Compiler |- —cpu Cortex-M4 fp -D__MICROLIB g -02 —apcs=interwork ~-split_sections -1.\..\..\..\Library A
control  [\Device\Nuvoton\NUC505Series\Include -..\..\. \. \Library \CMSIS\Include -I.\..\.\. \Library
string >

OK Cancel Defaults Help

b)  7ELibraryih4r 75 2 i Narm_cortexM4If_math.lib, HA7 & #\Library\CMSIS\Lib\ARM.
Project 1B

=53 dsp_fft

B3 CMSIs
[#) system_NUC505Series.c
. [#] startup_NUC505Series.s
=-&3 Library
(- [#] retarget.c
‘- [#] vart.c
G- [#] clk.c
I .[#] arm_cortexMdIf_math.lib I
ey o

- [#] main.c

B~ [#) arm_fft_bin_data.c

< | m »

& Pro... |@BQ‘.. OFu. O4Te.
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c)

£ F 127 Hifninclude arm_math.h3CAF, 58S BRI AT AE 42 7 B U FHDSPRR 2% -

X

E] main.c »
1 E_‘I/ ------------ e e e e e e e e e e e e o e o e e o e e o e o e e o e e e e e e e e e o e e e e -~
2 * @file main.c ﬂ
3 * @version V3.00 3
4 * SRevision: 3 §
5 * S$Date: 14/06/26 7:49p §
6 * @brief Demonstrate how to call ARM CMSIS DSP library to calculate FFI.
7 * @note
8 * Copyright (C) 2014 Nuvoton Technology Corp. All rights reserved.
9 L o e o e e e e e W e e e e g s e g g g s e g e s g g e o o g g g o s e e e s o e o o e o e e e e e e e z/
10 <stdio.h>
11 "NUC5055eries.h"
"arm math.h"
14
15 #define TEST_ LENGTH SAMPLES 2048
16 ¥
< | I | 3

2.3 IAR fH NuMicro® M4 &% DSP Th&k

a)

b)

FF B DSPIIRE

HEN IAR J5£F% Options, Category )4 % General Options, J H.7E Library Configuration
% L1/ Use CMSIS il DSP library.

Options for node "GPIO" - _ R
| Category:
C/C++ Compiler
Assembler S
Output Converter MM Library Configuratior | Library Options [ MISRAC:200 ¢ | *
Custom Build [
Build Actions
Linker Library: Description:
Debugger [:::::::::] Use the full configuration of the C/C++ runtime
simulator library. Full locale interface. C locale. file
descriptor support, multibytes in printf and scanf,
Angel and hex floats in strtod
CMSIS DAP
GDB Server ,
TAR ROM-monitor STOOLKIT_DIRS\INC\c\DLib_Config_Full h
I-jet/ITAGjet = - =
Iink/)-Trace [7] Enable thread support in library
TI Stellaris Library low-evel interface implementation CMSIS
Macraigor
g None stdout/stder 7] Use CMSIS
@ Semihosted @ Via semihosting o
ROI = [#) DSP ibrary
STLINK IAR breakpoint Via SWO
Third-Party Driver
TI XDS100/200
| |

7E Library#B7y 75 % in Aarm_cortexM4lf_math.lib, A7 & A\Library\CMSIS\Lib\ARM.
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Workspace
Release

Files

=fm|GPIO - Release

—= (JCMSIS
@ fzh startup_NUC505Series.s
L@ [1) systerm_NUC505Series.c

= brany
= am_cortextdif_math.lib |
okc

@ [0) gpio.c
& [0) retarget.c
& [ sys.c
L@ [ uartc
—& ([ User

L@ ) main.c
—® [ Output

c)  fEFAEFF Eifinclude arm_math.h 30, 58 BdfE RIVAT7E 32452 Fr BLIH I DSP R 4

E JrEkbkhkkkbbbbkbbbbbbhhbbbbbbbbbbbhbbbbhbbbbbbbbbbbbbbbbbbbbbbbbbbbhbbbbbbbbbd ik

* @file main.c

* @version V1.00

* SDate: 14/05/29 1:14p §

* @brief NUC505 General Purpose I/0 Driver Sample Code

* Connect PB.10 and PB.11 to test IO In/Cut

* Test PB.10 and PB.11 interrupts

"

* @note

* Copyright (C) 2013 Nuvoton Technology Corp. All rights reserved.
*

L AR a R i Rt s et L il

#¢include <stdio.h>
#include "NUCS5055eries.h”™

include "gpic.h"
l #include "arm-math.h” I

NOTE:
arm_cortexM4lf_math.libE[l £ Cortex-M4 DSP & % % .
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3 NuMicro® M4Z& 5| DSPFEF i)

AR FT A48T FENUMicro® M4 2 51| DSPAE [ Vu il & nl 728 B T e h R 8, M EW T

http://www.nuvoton.com/hag/products/microcontrollers/arm-cortex-m4-mcus/Example-
Code/? locale=zh&resourcePage=Y

ANO0012

£ Cortex®-MAFT HR AL IDSPRR B vy, K BB /08 S ek B0 DU P k8 20 931, ql15. q7AIf32,
i AT DIARAE TR RN, R B R B Bh i & e e A R EUE RS A2 P al LR A, R

#3-1~FK3-4. K UZEANHLLIVEHIFE R B PAF3245 20 2 3.

arm_float_to q15 (float32_t *pSrc, ql5 t *pDst, uint32_ t blockSize)
arm_float_to g31 (float32_t *pSrc, q31_t *pDst, uint32_t blockSize)
arm_float_to q7 (float32_t *pSrc, q7_t *pDst, uint32_t blockSize)

¥ *pSrc [in] float#% =L EUHE
*pDst [out] q15, 31, q74& X HE
blockSize [in] FEAZL

[B] A4 - T

% 3-1float ¥4 q15, 31, q7 27 ¥ &

arm_qgl5 to float (ql5_t *pSrc, float32 t *pDst, uint32_t blockSize)
arm_qgl5 to _g31 (ql5_t *pSrc, q31_t *pDst, uint32_t blockSize)
arm_g15 to g7 (ql5_t *pSrc, q7_t *pDst, uint32 t blockSize)

¥ *pSrc [in] q154% =W
*pDst [out] float, q31,q7#% =\ EUE
blockSize [in] # A%

[B] f 4 - T

2 3-2 q15 #4 float, 931, q7 &7 % E

arm_g31 _to_float (g31_t *pSrc, float32 t *pDst, uint32_t blockSize)

Aug. 16, 2016 Page 15 of 46
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NnuvoToN AN0012
arm_qg31 _to g15 (g31_t *pSrc, q15_t *pDst, uint32_ t blockSize)
arm_qg31 _to_q7 (g31_t *pSrc, q7_t *pDst, uint32_t blockSize)
S8 *pSrc [in] q314% \EUE
*pDst [out] float, q15,q7 % X EE
blockSize [in] FEA<%K
EIEEZIER T
% 3-3q31 # 4 float, q15, q7 F&F ¥ 5E
arm_q7_to_float (q7_t *pSrc, float32_ t *pDst, uint32_t blockSize)
arm_q7_to_qg15 (q7_t *pSrc, gl15_t *pDst, uint32 t blockSize)
arm_q7_to_qg31 (q7_t *pSrc, q31_t *pDst, uint32_t blockSize)
S8 *pSrc [in] q7#& A
*pDst [out] float, q15,q31#% X EE
blockSize [in] FEA<%K
EEEZIER T
% 3-4.q7 ¥ float, q15, q31 F2J7 &2
Aug. 16, 2016 Page 16 of 46 Rev 1.00
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3.1 BEAFFEH

Cortex®-M4 DSPE B ZE A Y 2 H A B Heris i, 8.

v B 240 6
[EE=//IFFS
B2 S
] i 7fev
7] 5 P4 AR
EESAD
[l B 45 i
. R

© N o 0ok~ wDdh -

ANO0012

R AT LG (A P X 2 pr B, SRSEDLE CRIBCE TR % o B0 e B0E I3 3-5~383-12:

arm_abs_ f32(float32_t *pSrc, float32_t *pDst, uint32_t blockSize )

pDst[n] = abs(pSrc[n]), 0 <=n < blockSize

SH. *pSrc [in] &%
*pDst [out] ] &4 XA
blockSize [in] M EFEAZL

[B] A4 - T

*® 3-5 [ EAEMEIE AT E

arm_add_f32(float32_t *pSrcA, float32_ t *pSrcB, float32_ t *pDst, uint32_t

blockSize)

pDst[n] = pSrcA[n] + pSrcB[n], 0 <=n < blockSize

SH. *pSrcA [in] 5 — ) & 254
*pSrcB [in] 58 — i & 40
*pDst [out] T+5E45 3
blockSize [in] i) & AR 2
[B] 448 - ¥
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* 3-6 [ EINEBHEEF BT

arm_dot_prod f32 (float32_t *pSrcA, float32_t *pSrcB, uint32_t blockSize,
float32_t *result)

sum = pSrcA[0]*pSrcB[0] + pSrcA[1]*pSrcB[1] + ... + pSrcA[blockSize-1]*pSrcB[blockSize-1]

¥ *pSrcA [in] 25— I & 24
*pSrcB NEEE
blockSize [in] [l S A A2
*result [out] 154k

CIEZIER T

*£3-7 MENRIEERERFRE

arm_mult f32 (float32 t *pSrcA, float32 t *pSrcB, float32 t *pDst,
uint32_t blockSize)

pDst[n] = pSrcA[n] * pSrcB[n], 0 <=n < blockSize

¥ *pSrcA [in] 25— Iv) & 24
*pSrcB [in] 45— [ S50
*pDst [out] 115745 5%
blockSize [in] Al EFEAEL
[B] {45 - y/

* 3-8 [n| B AVLIE HAR T WE

arm_negate f32 (float32_t *pSrc, float32 t *pDst, uint32_ t blockSize)

pDst[n] = -pSrc[n], 0 <=n < blockSize

¥ *pSrc [in] #xiH5 M =
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*pDst [out] 7545
blockSize [in] M EFEAEL
o] f4H : ¥

R 3-9 [A)E AR BUOE

arm_offset f32 (float32_t *pSrc, float32 t offset, float32 t *pDst,
uint32_t blockSize)

pDst[n] = pSrc[n] + offset, 0 <=n < blockSize

S8, *pSrc [in] #xH&E 17 B2 e
offset [in] fhi#% (5
*pDst [out] 7545
blockSize [in] i) & AR 2

[B] A4 - T

* 3-10 [ E WA RE P BEE

arm_scale f32 (float32_t *pSrc, float32 t scale, float32 t *pDst, uint32 t
blockSize)

pDst[n] = pSrc[n] * scale, 0 <=n < blockSize

S8, *pSrc [in] #xTH&E 7 B2 e
scale [in] #& i
*pDst [out] THHE 455
blockSize [in] M EFEAZL
EIEEZIER T

* 3-11 [ EYE R W
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ANO0012

arm_sub_f32 (float32_ t *pSrcA, float32 t *pSrcB, float32 t *pDst, uint32 t

blockSize)

pDst[n] = pSrcA[n] - pSrcB[n], 0 <= n < blockSize

S8, *pSrcA [in] 28— v & 204k
*pSrcB [in] 28 — Ja] = Hcdhs
*pDst [out] T4 H
blockSize [in] M EFEAZL

[B] 44 - 5

*® 3-12 MERRIEERE T WE

FEVOBIRE P, BOARE T 250 R i F DSP R A% 5 A I CeR s iz ST 1), THBEREAEON32,
R3-13LL A o HI DSP ek £ 2 3z AT I 8] 22 57, 7T LAt 4 FH DSP & K128 AT LK g 208 ik 1 5 I

[A] o

/* TFEAR (2R */

arm_dot_prod f32(srcA buf 32, srcB_buf f32, blockSize, &dotoutput f32);

/* VFEAGHE (32 MEAREL) */
arm_abs_f32(srcA_buf_f32, absoutput, blockSize );

/* VFEANE (32 MEARSD) */
arm_add_f32(srcA_buf_f32, srcB _buf_ f32, addoutput, blockSize);

/* VFEE (32 MEARSD) */
arm_sub_f32 (srcA_buf_f32, srcB_buf_f32, suboutput, blockSize);

/* TFEIRE (32 MEARSD) */
arm_mult 32 (srcA _buf_f32, srcB_buf_f32, multoutput, blockSize);

/* THEARR (32 DMEAHL) */
arm_scale_f32 (srcA buf f32, 10, scaleoutput, blockSize);

/* WHEAmFE (32 MEEAH) */
arm_offset f32 (srcA buf 32, 10, offsetoutput, blockSize);

Aug. 16, 2016
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/* ERE (32 MR */
arm_negate_f32 (srcA_buf f32, negoutput, blockSize);
Function(with 32 sample) DSP(Time unit) CPU(Time unit) CPU/DSP
Dot Product 52 105 2.02
Absolute Value 34 78 2.29
Addition 46 100 2.17
Subtraction 47 100 2.13
Multiplication 47 100 2.13
Scale 36 78 2.167
Offset 37 79 2.14
Negate 37 79 2.14
* 3-13 FAIZH A I DSP s HUE IE AT i I] F ek
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3.2 ZARBuEH

Cortex®-M4 DSP ek ¥ /%, #4714 Sine, Cosineff1LfE,
FERE O R 3#83-14. #£3-15F133-16:

ANO0012

PAE R 1 7 b th S ], Hy

arm_cos_f32(float32_t x)

SH. X [in]ak T LA 9IS
B fE 48 - cos(X)

# 3-14 1 H I TH 5 Cosinef /7 15 &

arm_sin_f32(float32_t x)

SH. X [in]ak T S SIEE
B fE 48 - sin(x)

7 3-15 ff HINE i 5 SinefE % 2

arm_sin_cos_f32(float32_t theta, float32_t *pSinval,

float32_t *pCosVal)

S8 theta [in] AXTHE M RS
*pSinval [out] sinefE#i
*pCosVal [out] cosineft %ir
CIEZIER i

% 3-16 1 i /A £ i+ 5 Sine 5 Cosinef& £ i% 5&

EBIRERF T, HLA T 8 T DSP R B 5 48 I C R B ia ], THEREAR 32, F#H3-17H
A Jo i H DSP R AU iz AT I (B 22 5%, AT LAFE HE {50 FH DSP R 2822 ] DA KW 208 11 BB 1]

/¥ sin, cos (32MFEAR%)*/

for(i=0; i< blockSize; i++)
{

/* AN NINE */

Aug. 16, 2016 Page 22 of 46 Rev 1.00




NnNUvVOoTON AN0012
cosOutput[i] = arm_cos_f32(testInput_f32[i]);
sinOutput[i] = arm_sin_f32(testInput_f32[i]);
/% NS */
arm_sin_cos_f32(testInput_f32[i], &sinOutputl[i], &cosOutputl[i]);
}
Function(with 32 sample) DSP(Time unit) CPU(Time unit) CPU/DSP
Sine 551 23251 42.2
Cosine 551 23720 43.05
Sine and Cosine 413 46561 112.74
*® 3-17 =M R BUEs H A o HIDSP R £ 2 1847 I 8] EL R
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3.3 LMHHEE
52 H B AN ALFR (X0,y0) AT (x1,y1) Z245 B 7R 2k [X [8]) )N — A7 B xE H 26 FIOME . AR ES-1R,
PA1G 3

y—y0 yl1-y0

x—x0 x1—x0

T xE K, FrAFRATAT DL 2 5005 2y HAH

i

x0 X xl

K 3-1 LMt e R =

14 Fil Cortex®-M4 DSP ik H1 P £ P4 15 Th A8 15 e & UXOMIREASEL, 2R XOFIXME S E IR, Tk
WNylEESE, R B INR3-18 5K 3-19, 5E/liF RAUREL M BOE 25, B AXEHITRE
Fe, BRI RIS E P S y(E -

arm_linear_interp_instance_f32 S = {uint32_t nValues, float32_t x0,
float32_t xSpacing, float32_t *pYData}
¥ nValues X{H IFEAS L
X0 YT
xSpacing IERST =P
*pYData AERAEI
[B] {45 - 5

*® 3-18 MEAHEHA M E
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arm_linear_interp_f32(arm_linear_interp instance f32 *S, float32_ t x)
¥ *S [in, out]i¥ AR E 451

X [in] fa1 AXfEL
[B] {45 - SARRGHIENERES

* 3-19 LM EE T

FEFPYEHIRARIN S, HAE N E3-20 L B4 Jofli HI DSPiz S 8] 2 5+«

/¥ BUESSHIARES, ESOFEAANEON2, R ve M EH Mg N1e, Rixe=e, x1=10, HiE XyfHN

arm_linear_interep_table */

arm_linear_interp_instance f32 S = {2, 9, 10, (float32_t *)&arm_linear_interep table[0]};

/¥ TERTRNIONFEAR AT R MG EH, JE Hi 45 S FltestLinIntOutput[] */
for(i=@; i< TEST_LENGTH_SAMPLES; i++)
{

testLinIntOutput[i] = arm_linear_interp_ f32(&S, testInputSin f32[i]);

Function(with 10 sample) DSP(Time unit) CPU(Time unit) CPU/DSP

Linear Interpolation 138 155 1.12

R 3-20 LetEAdi{E A o il DSPIz S 1] th ek
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3.4 GitizHE

Cortex®-M4 DSPa# FE th A 5 T4t S, s

B i R AE

W /M

IS SO

P

ARR e

. R

TE BEFRATIA R P FP e F 21 11 07 > 3 B0 DA Kb v e 22 KA A 41

P77 -3 %0E 5. (Quadratic mean), X FR¥ 77 (RMS, Root Mean Square) 7 4t 12 H AR i {5
B, HEARRAN T, B RE Inks-21:

2L

Fr#fEf 22 (SD, Standard Deviation), fEHLE St g &8 HAE 9l & —HEE N S EBAEE 2 .
HBepRoR N, Hhuwhx M, B EE In#Es3-22:

N
1 2
FONCRD
=1

arm_rms_f32 (float32 t *pSrc, uint32_t blockSize, float32 t *pResult)
SH. *pSrc [in] AK 15 B

blockSize [in] 5B FEREAEL

*pResult [out] TH5 4
[B] {45 - 5

R 3-21 YRR T

arm_std f32 (float32_t *pSrc, uint32_t blockSize, float32_t *pResult)

SH. *pSrc [in] BX TS A0E
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blockSize [in] FEA%L
*pResult [out] 7545

[B] f&4E : ¥

R 3-22 bR ZERE P B0E

B R AEBIRE U 2%, JF B ol DSPHAZ BN (8] 41 43-23,  HAZFPUn T

/* THEBTIR (32MEAH) */
arm_rms_f32 (testInput_f32, blockSize, &testoutput f32);

/* THEARERZE (32MFEA) */
arm_std_f32(testMarks_f32, blockSize, &std);

Function DSP(Time unit) CPU(Time unit) CPU/DSP
RMS(with 32 sample) 45 413 9.18
Standard Deviation
_ 116 1024 8.83
(with 32 sample)
& 3-23 ¥JJ7 i 5 bn it 2246 Jofd H] DSPiz B 1] LR
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3.5 MNEMFEHE

Cortex®-M4 DSP & %5 A 4 5 T/ M IS A 5

IS
FiPEikIe 5
FipERILIEH
JULSERE

T BT

6. HELE

o~ e

H P 2i4: Harm_matrix_instance f32E MR R, FHORXMEH B MMV G K E, &
SR EAT SRS E L B MR BUE Blarm_mat_init £32(). SEME T B AT AE BE AT
BH, HARRBOE WN33-24~3£3-30,

arm_mat_init_f32(arm_matrix_instance_f32 *S, uintl6_t nRows, uintl6_t
nColumns, float32_t *pData)
¥ *S [in, out] & A i 5.7 BV A EIOR B 45 4
nRows [in] HERE B AT N
nColumns [in] HEREAE 21N 4L
*pData [in] B FE4H
[B] {45 - e

R 3-24 SRR BE

arm_mat_add_f32(const arm_matrix_instance_f32 *pSrcA, const
arm_matrix_instance_f32 *pSrcB, arm_matrix_instance_f32 *pDst)

24

*pSrcA [in] %A A\ B H0R B

*pSrcB [in] 4 A\ 5

*pDst [out] %y H &5 S5 P

[B] 44 -

I 2 7RARM_MATH_SUCCESS, % [/
&N &7~ ARM_MATH_SIZE_MISMATCH

Aug. 16, 2016
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ANO0012

arm_mat_sub_f32(const arm_matrix_instance_f32 *pSrcA, const
arm_matrix_instance_f32 *pSrcB, arm_matrix_instance_f32 *pDst)

ZH:

*pSrcA

[in] i A\ DB ECRE B

*pSrcB

[in] fay A\ Sk SR R

*pDst

[out] %y H &5 FLAE R

[B] 44 -

I 2 7RARM_MATH_SUCCESS, % [/
&N &7~ ARM_MATH_SIZE_MISMATCH

R 3-26 FEFEAHRAE 7 RE

arm_mat_mult_f32(const arm_matrix_instance_f32 *pSrcA, const
arm_matrix_instance_f32 *pSrcB, arm_matrix_instance_f32 *pDst)

24

*pSrcA

[in] Fa A\ %t SR UG B

*pSrcB

[in] i A\ 3fe 25 [

*pDst

[out] %yt &5 FLAE FE

[B] 44 -

I 2 7RARM_MATH_SUCCESS, % [/
&N 77 ARM_MATH_SIZE_MISMATCH

R 3-27 FEFEAHIRAE 7 B E

arm_mat_inverse_f32(const arm_matrix_instance_f32 *pSrc,
arm_matrix_instance_f32 *pDst)

¥ *pSrc [in] H AKX S R
*pDst [out] % HH 30 B
[ 44 2 %R ARM_MATH_SUCCESS, 1[4

77 B4 ) & 75 ARM_MATH_SIZE_ MISMATCH,
LR PE AN I B oRARM.MATH.SINGULAR

Aug. 16, 2016
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ANO0012

arm_mat_scale f32(const arm_matrix_instance_f32 *pSrc, float32 t scale,
arm_matrix_instance_f32 *pDst)

24

*pSrc

[in] A AR T SR R

scale

[in] 4672 %L

*pDst

[out] it 25 S A6

=] f4H :

R )2 7RARM_MATH_SUCCESS

R 3-29 iU FFERE PP BE

arm_mat_trans_f32(const arm_matrix_instance_f32 *pSrc,
arm_matrix_instance_f32 *pDst)

S8 *pSrc [in] % N BRTH BRI RE
*pDst [out] % % B 5 R
=] f4H - 33 % ~ARM_MATH_SUCCESS
F* 3-30 FE IR P E
FERMSEEIRE T 2%, JF H R Jofl HDSPILE SR (Rl an#3-31, HAEF W R

arm_matrix_instance_f32 A; /* EEIEMEALHISE */
arm_matrix_instance 32 AT; /* E&HFEMEAT(A transpose)4itZH */

arm_matrix_instance_f32 ATMA;

arm_matrix_instance_f32 ATMAI;

/* EEMHFEATMA(AT multiply with A)Z5HZ%0*/
/* BEMFEATMAL (Inverse of ATMA)Z5tS%L */

/* WG BES*SHEFEA, Bl NA_f32 */
arm_mat_init f32(8&A, 5, 5, A_f32);

/* WA B S*SHREAT, B NAT_f32 */
arm_mat_init f32(&AT, 5, 5, AT_f32);

/* FEFEABET#: B is FAF NFEFEAT */
arm_mat_trans_f32(8&A, &AT);

/* VUGB ES*SHIFEATMA, K NATMA_f32 */
arm_mat_init f32(&ATMA, 5, 5, ATMA f32);

/* ATXA THRERAFNFEEATMA */
arm_mat _mult f32(&AT, &A, &ATMA);

/* WAL ES*SAEFEATMAT, U NATMAL_£32 */
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arm_mat_init f32(&ATMAI, 5, 5, ATMAI f32);
/* FEREABEAT SO MRS HAF NFEFEATMAT */
arm_mat_inverse_f32(&A, &ATMATI);
Function(with 5*5 sample) DSP(Time unit) CPU(Time unit) CPU/DSP
Transpose 47 74 1.57
Multiply 288 483 1.67
inverse 725 7174 9.9
7 3-31 FiFia FA TGl HDSPiz B [|] LBk
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3.6 F&FR(Convolution)

BRI ISR e,

210 I A BR (X)) A g (%) 2B K

S —

R =

ANO0012

™ B Bl (x) R — e K B0

WWAhX)=(*g)(x), ERHLF—PREREII )RS 5 — DRI 2, Z2— D%

ERRE, B

(F @ [ f @~
PLR Y ) g e S vk S
1.6 W pR #f(x)={1,2,3,4,5} 59(X)={-1,-2,-3,-4,-5}, 3 H.g(x) &% Jg(-x)

fix) a(x)
1|23 |al|ls| a|l2|=3]-a|s=s
f(x) g(-x)
1|23 |a|s||s5|afl3|2]1
2. PR 9 R A (X) S g (-x) PR e AE B 38 = AN e #h(x), b7 A -

ff 1 | 213 ]| als
9-x)| 5| 4| 3|2/

f{ 1213 ]|a]ls

9(-x)| 5 | 4|3 2|1

f)l 1|1 213 ]| a]|s

9(-x)| 5 | 4 |3|-2]|

h(1)=f(1) Xg(1)= -1

h(2)=f(2) Xg(1)+ f(1) Xg(2)= -4

h3)=f(3) xg(1)+ f(2) Xg(2)+ f(1) xg(3)=-10

Aug. 16, 2016
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DL EHE, IR h(x)={-1,-4,-10,-20,-35,-44,-46 -40,-25}
EDSPRREUE N 7] L Flarm_conv_£32 () RHHTHRIZH, HiE L F#£3-32:

ANO0012

arm_conv_f32(float32_t *pSrcA, uint32_t srcALen, float32_t *pSrcB,

uint32_t srcBLen, float32 t *pDst)

¥ *pSrcA [in] &5 — 86 5L (X)
srcALen [in] f(x) BRI EURE AL
*pSrcB [in] 5 — /™% (x)
srcBLen [in] g(x) B UFE A S
*pDst TR A RN (), HAEEALCN
srcALen+ srcBLen-1
[B] 44 - 5

Z 3-32 HH (convolution)FE 7 13 &

B R AEBIRE O 2%, JF B BT ol DSPHAE BN (8] 4 43-33,  HAZFPUn T

/* HHHER */

arm_conv_f32(testInput_f32_ 1kHz_15kHz, TEST_LENGTH_SAMPLES, firCoeffs32, NUM_TAPS,

conoutput);
Function DSP(Time unit) CPU(Time unit) CPU/DSP
Convolution 7442 27703 3.72
& 3-33 HBAA LAl H DSPiz S [H] bk
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3.7 ARk M (Finite impulse response)
H IRk N (Finite impulse response, 45 FIR) JEUK % /& BUFIE B A5 1 — M, WRIFRFIREL ¥
JEPAY, HIBEITVEREAGR U E . A Rk B R A g — R RS, BIAE S, x(0).
x(1)--x(n), @ ZRGFWRBES, yn)rTERRA:

y(n) = hox(n) + hyx(n—1) + -+ + hyx(n — N)
Hrt, hg ~ hy... hy RZJERAS KA R, 80PN IER AR ) R A, NZJER A8, Fa(tl
AI RN A

N
y(m) = ) hex(n—k)
k=0

DSPRREUE T Jeft farm_fir init £32() 3T VI E, Far N BEIR 28 0 ik ol . 22 %h DA
KMFEEAREL, BHALGESxiAarm_fir £32() 447, BIA[#32I{E S xE i FIRJER: 3% A0 # f5 1 45
. PLUF#3-345383-35Ui B L T-FIRIZ EAH R AL 715 58

arm_fir_init f32(arm_fir_instance_f32 *S, uintl16_t numTaps, float32 t
*pCoeffs, float32_t *pState, uint32_t blockSize)
¥ *S [in,out] $& A FIRJEV #5454
numTaps [in] D a8 R EhFEAZL
*pCoeffs [in] JE U #% REhHRE
*pState [in] IRAHEFE
blockSize [in] BT S HIFEA KL
EEEZIER T

R 3-34 A4 IRkt B (FIR)FI 4 AL 5t 5E

arm_fir_f32(const arm_fir_instance_f32 *S, float32_t *pSrc, float32_ t
*pDst, uint32_t blockSize)

¥ *S [in] 45 [ FIRJE I #% 45 1)
*pSrc [in] T AT (A
*pDst [out] & FIRTH 5 5 i Hi 45 R
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blockSize [in] #THEIFEASL

[B] F£45 x

% 3-35 A PR kB (FIR)FE 7 15

B R AEBIRE 2%, JF B BT ol DSPHZ BN (8] 4 43-36, HAZFFUn T

[*EEFirdi S H*/
arm_fir_instance_f32 S;
/*Fir WL E */

arm_fir_init £32(&S, NUM_TAPS, (float32_t *)&firCoeffs32[0], &firStateF32[0],
blockSize);

/* BCEEIR AT JLIR*/

for(k=0; k < numBlocks; k++)

{ /* —IRPITZ OREARFirIE S */

arm_fir_f32(&S, inputF32 + (k * blockSize), outputF32 + (k * blockSize),blockSize);
}

Function DSP(Time unit) CPU(Time unit) CPU/DSP

FIR 7496 27703 3.7

R 3-36 A3 FRAK i S AT JC A DSP 12 S5 [A] Hh ek

EJEHIRE R, 1598 1k SR2Zs2 B 15k FZEme s, & 3-2, A FIR JEB a5,
BEIE B d N IRIEPERAS, 20 6k #2ELL LA 545 uEkk. HESLE FIR JEEEE, Mt
1k #2215 5, JFIE 15k FF2&Me A 45 TERR, &l 3-3.

infa]

K 3-2 SAAF 5N Tk B 2L XA 15K ik 26 A
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i8]

K 3-3 &3d FIR R 28 54 A5 5N 1K R 28 5% 3
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3.8 PID # i 83(FL B -FR 2T 1 2%)

PIDFE I de (HL- R0 42 4%), i EL BB ooP . AR BT I Gl o S CDA R, 23 lxd 2 H Rl
W LERIHREMARRKIRE . FEidKp, KiMKd="ZH L6 0] 3 5 [R5 R, PIDTE
e ANE b il NP A AL S B [ B A, B ) s W SR 2 0 BdlE AN — A H A {E2E
TR, PRI A Z (2 1 PIDIZ ] 4832 52 5 OB AR, XA S A B0 H 2 m)
LAk 5 G0 O BEIE B B ORIFAE H R ME . PIDFR 4% T LARR 8 77 S 5030 60 22 Tl F) ) 30 3 ofe 1
WA, ARG N AR o

BB EVE B FE e v s Wl I PID IR ) 8% 12 5. St Fflarm_pid_instance 325 Y JE AR
&, FRXPIDVIGE I E . BFsZHEE Ninfii Narm_pid_f32()i#ti7iaH, 153|#TPIDIZH
JE AT HE, B R ES B S B EMBCON R ZE, BIHRZERMAPIDIAT S —kia
B, UMM T T 2B E S BiRSs S, HPUTifemEs-4, BFiEe hR3-375%K
3-38.

Output
arm pid £32 (&S, in) >

K 3-4 PID & #I #0047 FE

arm_pid_init_f32(arm_pid_instance_f32 *S, int32_t resetStateFlag)
S8 *S [in, out] T E %5 MIPIDEE IS4

resetStateFlag [in] ONABALRE, LAEADIRES
[Blf%1 - y/

% 3-37 PID ¥liB 4 E

arm_pid_f32(arm_pid_instance_f32 *S, float32_t in)
Y. *S [in] BT &% PIDSE 245

in [out] fas N BUE AT 8 H(Z 5 E 08 % [BIE )
[Blf%1 - 253 PID J= it B
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% 3-38 PIDF& il 22 72 7 ¥ 78
FERASEEIRE L P25, Jf B R Jofl HIDSPILE B (Rl an%k3-39, HAEF W R

ANO0012

[*E G/
arm_pid_instance_f32 PIDS;
/*EEKp, Ki, KdfE*/
PIDS.Kp=0.4;

PIDS.Ki=0.4;

PIDS.Kd=0;

/*EE HiR{E*/

target=500;

/*E R AR{E*/

ival=0;

[*EEIREE/
ee=target-ival;
/*PIDHIAEAL R E*/
arm_pid_init f32(&PIDS,0);
for(i=1;i<100;i++)

{

/NI R ZEH (ee) BENISH 1S R ILIEH (output) */

output[i]=arm_pid f32(&PIDS,ee);

/T REIAE R ZE A >/
ee=target-output[i-1];
}
Function DSP(Time unit) CPU(Time unit) CPU/DSP
PID 939 1702 1.81

% 3-39 PIDA LfEH

DSPiz &} 8] bk &

TEJOBIRE 7 b oA ik el WOTF AR 42 ik PIDE 1] J5 1k #1500, 1Kp. Kiv Kd{E5351°80.4. 0.4,

0, &id100kis 5 545 R unpd3-5.

800
600
fm ~
=400 ,/\'
[
200
0
O OO dOd O 4O 40O -0V 0O -0
ST AN AN OON T NDWND O OMNNOWDWOODWO O
HERH
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3-5 PID #ifilliz B I FE 7 it 4 R
3.9 B I A (FFT, or Fast Fourier Transform)

NATELER AL, Fr A — R BAVEREF BRI R, 2 —AERAE(Time Domain) KM 5. &
A V2 L RAERS (AR S AR, DIUED R E R TT %, A5 LS A & UL
o BrA AL HES AR A 3, R A T TR H T 4 U (Frequency
Domain), tb—A8Hxt 15 5 W E S RS TR . FSELdFFTRER, BATH
CABI G IS S M 2R AL E, DU S HARIA s B AN 2 &R

PRI T AR e n] LUK IR 80 145 5 00 e, h B3-6 08— 3805, HONVr 2 2 AL &
TR SZR AL R E3-7,  FRE A S AR i 5 n] LAAS B AL X — S5 BT AT SZ R A
L5 LU E3-8, At — MG S PUd G S AR S, wT DRI R sy, IR HAR
PR RANAE AL, WPER e .

f

SR NS A W

time

signal

K 3-6 K7 f

P 3-7 ST ORI 2 5E A A 1T K

Aug. 16, 2016 Page 39 of 46 Rev 1.00



NnuvoToN

signal

signal

ANO0012

» time

N i

frequency

K] 3-8 A5 R T5 I % LB LU 5

Cortex®-M4 DSP i ¥ A - B TH S FFT I AE, 4 N K8 B v 49 30 f5 oK 3 A5 DA R A 8
LR MNEBIRE 45 P 225, Pl 2005 A2 20 O5 300 #K3-40~%3-43,

arm_cfft_radix4_init f32(arm_cfft_radix4 instance f32 *S, uintl6_t fftLen,
uint8 t ifftFlag, uint8 t bitReverseFlag)

SR *S [in, out] ZHFFT45H
fftLen [in] FRTHREREARE (AN 2K 07)
ifftFlag [in] $4T IEBURFFTIZE(0NIE, 1TAK)
bitReverseFlag [in] & A4 S (LN IE, 0N)R).

[ % £« AT T ) 2% B 4%

ARM_MATH_SUCCESS

FREARFAKT N £ BoR
ARM_MATH_ARGUMENT_ERROR

R 3-40 AP AT L AR BT 46 B E

arm_cfft_radix4_f32(const arm_cfft_radix4 instance f32 *S, float32 t *

pSrc )
SR *S [in] HAFFTZE 1
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*pSrc [in, out] A MRUERL, I AL g
R EHA, HOHAR R (e, E ¥, s
..)

[ f 1A - p5

R 3-41 AR L AR IS R BE

arm_cmplx_mag f32(float32_t *pSrc, float32_t *pDst, uint32_t numSamples)
ZH: *pSrc [in] AR5 52 A e

*pDst [out] TH5 5 S8 A

numSamples [in] it N2 BB A A EL
EEEZIEE i

* 3-42 MB A B iy e

arm_max_f32(float32_t *pSrc, uint32_t blockSize, float32 t *pResult,
uint32_t *pIndex)
S *pSrc [in] Akt 5 )% H
blockSize [in] 75 TR BUE IFE A 2L
*pResult [out] Alr i85 R1E
*pIndex [out] Fr 1S e KAE I &
EEZIER i

R 3-43 WU KAERE 7 BEE

B R AEBIRE 2%, JF B ol DSPHAZ BN (6] 4n63-44, HAEFPUN T

/* EEFFTEMTE */
arm_cfft_radix4_instance_f32 S;
float32_t maxValue;
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/* VIR B EFFT/IFFT */
arm_cfft_radix4_init £32(&S, fftSize, ifftFlag, doBitReverse);
/* PATFFTIZE, Keai RmE B R m AN E 4l */
arm_cfft_radix4 f32(&S, testInput_f32_10khz);
/% BUS R SRBUA R 4B SR AT L & A ZE R T */
arm_cmplx_mag_f32(testInput_ 32 10khz, testOutput, fftSize);
/* BURRAE A EAAL B B */
arm_max_f32(testOutput, fftSize, &maxValue, &testIndex);
Function(1024 sample) DSP(Time unit) CPU(Time unit) CPU/DSP
FET 18027 233893 12.98

% 3-44 FFTH 1§ H DSPiz Sk 8] Eb 5 3%

WHIRER o, A —E 5 WE3-9, L P fed)s, BARSIRIEHE, xR AER
Yo XHE, BIRTAS BRSO GR B 0 AT U 1813-10. PRI BL A5 5 i S ik AR 4 Jm BRI H HL AR

SRIEIIAT, R A A AG 5 10K 22 AT 4S5 .

5
3 |
1
-1
LN
-3
-5
fiE
3-9 IR A A 5 I
350
300
250
iy 200
& 1
o 150
&= 100 .
50
0
50 (I) 500 1000 1500 2000 2500
MZE(Hz)
3-10 1554 FFT ¥4 Ja Bk &
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4 G

A A ZINuMicro® M4 & 41 [JDSPIIRE AREE KA N E, TN T U5 5 b3 p i 1 e 2
INTRe LS AR 2 BRI Re, RN 325 SR S NIAL, JF H3CRE midios
B, Ak I AN B PRAE F IE AT, T O AT . ICMSIS DSPer# % S it 1kt
60FE A I, HIREsE ¥ H s HAL E Citfed, o LA ROt BRI AT i ra], - A H
H AT AR R B AR R AR, $RT1T B CRRIETR 2 IR O T 755K

ASCHL20 ) LFRH FH H 40 7 #E U0z SR TR be e an 2 4-1, ARy B 1 7 #2508 D32 N FEAR Bk
EE, M N=FIEE TR, B Nl H Cortex®-M4 3t H.JT 5 DSPI fE LA % 1 FI CMSIS i %t
FEMGE L, 45 — N4 H Cortex®-M4{H A A% FIDSP I Rg LA K2 o B 22, 45 = Fh 948 FH Cortex®-M32%2
) TCDSPIh fE L be AN 7 H5 % AIZ 548 . 5 I M5 47 EL AL T 4 Cortex®-M4 DSP Iy E %t b A
DSP LB LL I Cortex®-M3T] UL 45 46 22 /3% (R3E SN A], M i DA HE 5 K 4 66 Ik 1] £ £ B0mT
DL 310015 2 %, LLEGIE 148 FI NuMicro® M4 2 51| DSP I GE AT LA 25 F F7 A2 7 58 P I AT 3k
i

Function DSP CPU i
(with 32 sample) (Time unit) | (Time unit) M3I‘:’VP'tLT°Ut CPUIDSP M3/DSP
Dot Product 52 105 614 2.02 11.8
Absolute Value 34 78 67 2.29 1.97
Addition 46 100 382 2.17 8.3
Subtraction 47 100 406 2.13 8.64
Multiplication 47 100 327 2.13 6.96
Scale 36 78 330 2.167 9.167
Offset 37 79 327 2.14 8.84
Negate 37 79 67 2.14 181
Sine 551 23251 22165 42.2 40.23
Cosine 551 23720 22622 43.05 41.06
Sine and Cosine 413 46561 44742 112.74 108.33
L'(rxl";‘{] '{‘gesrfrﬁﬁtg)” 138 155 1479 1.12 10.72
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RMS
(with 32 sample) 45 413 951 9.18 21.13
Standard Deviation 116 1024 6676 8.83 57.55
(with 80 sample)
Matrix Transpose(5*5) 47 74 65 1.57 1.38
Matrix Multiply(5*5) 288 483 1335 1.67 4.64
Matrix inverse(5*5) 725 7174 7264 9.9 10.02
Convolution
(320729 sample) 7442 27703 171283 372 23.02
FIR(320*29 sample) 7496 27703 171283 37 22.85
PID 556 1014 7139 1.82 12.84
(Calculate 100 times) ' '
FFT 18027 233893 237829 12.98 13.2
(with 1024 sample) ' '
% 4-1 Cortex®-M445 T/ FIDSP LA & 5 Cortex®-M3iz 5 i [A] H 5 6
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Revision History

Date Revision Description

2016.08.16 1.00 1. Initially issued.
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Important Notice

Nuvoton Products are neither intended nor warranted for usage in systems or equipment, any
malfunction or failure of which may cause loss of human life, bodily injury or severe property damage.
Such applications are deemed, “Insecure Usage”.

Insecure usage includes, but is not limited to: equipment for surgical implementation, atomic energy
control instruments, airplane or spaceship instruments, the control or operation of dynamic, brake or
safety systems designed for vehicular use, traffic signal instruments, all types of safety devices, and
other applications intended to support or sustain life.

All Insecure Usage shall be made at customer’s risk, and in the event that third parties lay claims to
Nuvoton as a result of customer’s Insecure Usage, customer shall indemnify the damages and liabilities
thus incurred by Nuvoton.

Please note that all data and specifications are subject to change without notice.
All the trademanrks of products and companies mentioned in this datasheef belong to their respective owners.
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