:{E NESAS Application Note

Renesas RZ Family
Arm® DSP Examples

Introduction

Arm® DSP Examples describes how to use Arm® CMSIS-DSP example projects ported to Renesas Arm®
Cortex-R52-based MPUs with DSP extension and a Floating Point Unit (FPU). It also explains how to import,
configure, build, and run the DSP examples and demonstrates how to measure the processing time of a
selected DSP function.

In addition, this application note describes memory optimization for supported Transform Functions using a
customized library based on Arm CMSIS-DSP Version 1.16.2. The customization provides:

e Compile-time selection of lookup tables (twiddle factors and bit-reversal tables) for each supported
API function and FFT length.

e Application-level configuration through macros to include only the lookup tables required for the
selected FFT lengths.

Refer to section “Memory Optimization for Transform Functions” for more details.

All information regarding Arm CMSIS-DSP can be found at the following link:
CMSIS-DSP: Overview

Required Resources

Hardware

Renesas Starter Kit+ for RZ/N2L

Renesas Starter Kit+ for RZ/T2L

Renesas Starter Kit+ for RZ/T2M

Evaluation Board Kit for RZ/T2N

Development Tools and Software
IDE:

e e?studio IDE version 2026-07
e |AR Embedded Workbench (EWARM) IDE version 9.60.3

e FSP Smart Configurator (FSP SC)

e RZFlexible Software Package (FSP) v4.2.0

e GNU Arm Embedded Toolchain version 13.3.Rel1

e SEGGER J-Link® USB driver and RTT Viewer version 9.44

The above software components are bundled in a downloadable platform installer available on the FSP
webpage at renesas.com/rz/fsp or Release v4.2.0 - renesas/rz-fsp and the SEGGER webpage at
segger.com/j-link/rtt-viewer.

Target Devices
This application note focuses on the RZ/N2L, RZ/T2L, RZ/T2M, and RZ/T2N groups.
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Renesas RZ Family

Arm® DSP Examples

1. Arm® CMSIS-DSP

The CMSIS-DSP software library is a suite of common signal-processing functions used on Cortex-R

devices. The library is organized into the following functional categories:

Basic math functions
Fast math functions
Complex math functions
Filtering functions

Matrix functions
Transform functions
Motor control functions
Statistical functions
Support functions
Interpolation functions
Support Vector Machine (SVM) functions
Bayes classifier functions
Distance functions
Quaternion functions
Window functions

The library generally has separate functions for operating on 8-bit integers, 16-bit integers, 32-bit integers,
and 32-bit floating-point values. It is imported into the project from the Arm® CMSIS-DSP package.

The CMSIS-DSP library used in this project is a customized version based on Arm CMSIS-DSP Version
1.16.2. The memory-optimization modifications described in Chapter 4 have already been applied and are
included in the project source code. Users can use the library directly without making any additional

modification.

55 rz_arm_dsp_examples_rzn2l_rsk
¥ Binaries
al Includes
Sz
2 rz_gen
2 src
& arm_bayes_example
@& arm_class_marks_example
@& arm_convolution_example
& arm_dotproduct_example
& arm_fft_bin_example

& arm_fir_example

i arm_graphic_equalizer_example

(&> arm _linear_interp_example

{ arm_matrix_example

(& arm_signal_converge_example
(& arm_sin_cos_example
(> arm_svm_example

(& arm _variance_example

i= CMSIS-DSP
i Include
@ Privatelnclude
v i Source
BasicMathFunctions

BayesFunctions
(& CommonTables

= ComplexMathFunctions

1= ControllerFunctions

i DistanceFunctions

{= FastMathFunctions

{ FilteringFunctions

{ InterpolationFunctions

{ MatrixFunctions

(& QuaternionMathFunctions
i StatisticsFunctions

i SupportFunctions

(& SVMFunctions

{& TransformFunctions

iz WindowFunctions

() CMakeLists.txt
configDsp.cmake
Makefile

i= SEGGER RTT

h} arm_dsp_example_config.h

b arm_dsp_example.h

Figure 1. CMSIS-DSP Library Source in Project
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Arm® DSP Examples

2. Arm® CMSIS-DSP Examples

This example project includes multiple CMSIS-DSP examples. The following examples are supported by this

project:

Sin Cos example
Signal Convergence example
Linear Interpolate example

Graphic Audio Equalizer example

Lowpass Filter example
Frequency Bin example
Dot Product example
Convolution example
Variance example

Matrix example

Class Marks example

Bayes example
SVM example

Details on importing the example project are provided below:

IDE e? studio: here

IDE EWARM: Users need to follow these instructions first (to generate files):
1. Open the project in EWARM (here)
2. Re-configuring project with FSP SC (here)

3. Open project and generate the source files by FSP SC (here).

Details of the examples listed above can be found here.

v rz_arm_dsp_examples_rzn2l_rsk [Debug

£ Binaries

n) Includes

= rz

& rz_gen

svci

(&> arm_bayes_example

(& arm_class_marks_example

(& arm_convolution_example

(& arm_dotproduct_example

(& arm_fft_bin_example

(& arm_fir_example

1= arm_graphic_equalizer_example
(& arm_linear_interp_example

= arm_matrix_example

(& arm_signal_converge_example
(& arm_sin_cos_example

& arm_svm_example

(& arm_variance_example

= CMSIS-DSP
= SEGGER_RTT

arm_dsp_example_config.h
arm_dsp_example.h
common_utils.h

hal_entry.c

led.c

led.h

math_helper.c

S RERBEEE

math_helperh

& Debug

(& settings

& rzcfg

& script

api_xml
clangd
cproject
project
secure_azone
secure_rzone
secure_xml

configurationxml

() JLinkLog.log

X| rz_arm_dsp_examples_rzn2|_rsk.elfJaunch

& rz_arm_dsp_examples_rzn2|_rsk.elf jlink

{) rz_cfg.txt

Figure 2. CMSIS-DSP Example Source Folders in the imported e? studio Project
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Each CMSIS-DSP example is enabled using its macro definition in arm_dsp_example_config.h.

® * File Name arm

®* Copyright (c) 2026 Renesa

S ’,?(. rz_arm_dsp_examples_rzn2l_rsk | Debug]

;«,’ Binaries . g : kE "
B Includes < #ifndef ARM_DSP_EXAMPLE_CONFIG_H_
B rz 2 #define ARM_DSP_EXAMPLE_CONFIG_H_
& rz_gen
v (8 src

(& arm_bayes_example i "‘ 3 ’ 00 R0 DY CRTaURE: (0
(&> arm_class_marks_example .
(& arm_convolution_example #define DSP_INSTRUCTION_BENCH (1v)
(&> arm_dotproduct_example d Ui e e
(& arm_fft_bin_example

@ arm_fir_example i | #define ARM FIR EXAMPLE gw; |
1= arm_graphic_equalizer_example #define ARM_FFT_BIN_EXAMPLE (eu

(& arm_linear_interp_example #define ARM_SIN_COS_EXAMPLE (eu)
#define ARM_SIGNAL_CONVERGE_EXAMPLE (eu)
(= arm_matrix_example #define ARM_DOTPRODUCT_EXAMPLE (eu)
(& arm_signal_converge_example #define ARM_LINEAR_INTERP_EXAMPLE (eu)
@& arm_sin_cos_example ; #define ARM_GRAPHIC_EQUALIZER_EXAMPLE (eu)
@ arm_svm_example #def%ne ARM_VARIANCE_EXAMPLE (eu)
#define ARM_CONVOLUTION_EXAMPLE (eu)
& amm_variance_example 1 #define ARM_CLASS_MARKS_EXAMPLE (ev)
= CMSIS-DSP 2 #define ARM_MATRIX_EXAMPLE (eu)
= SEGGER RTT #define ARM_SVM_EXAMPLE (eu)
Lh| arm_dsp_example_config.h e M"*" ARPLBAVESJXM?LF R (ev)
#endif * ARM DSP EXAMPLE NF s H *

h arm_dsp_exampleh
hj common_utils.h

| hal_entry.c

¢l led.c

h ledh

¢ math_helper.c

h math_helperh

Figure 3. Set MACRO for CMSIS-DSP Example in arm_dsp_example_config.h

Note: Only one CMSIS-DSP example can be enabled at a time; set its corresponding macro to 1U and all
other example macros to OU, as enabling multiple examples will cause build errors.

21 Building and Running a CMSIS-DSP Example
After importing the example project, enable the example you want to run in arm_dsp_example_config.h.

You can then build, download, and run the project. The screenshots that show in Figure 4 and Figure 5 is an
example of running the Lowpass Filter example.

After downloading and running the project, wait a few seconds, then click the Suspend button (e? studio) or
Break button (EWARM) to pause execution.

| &-|R-B O @3> o |00 @ M 2D R[S B Qrily A
[ arm_convolu... [ hal_entry.c [W] arm_dsp_exam... [ startup.c [ main.c [€] arm_fir_exam... &2 3 = C
J__nr,,_T:,,B_ __——— . — ~—«—.. - "

snr = arm_snr_f32({&refOutput[@], &testOutput[@], TEST_LENGTH_SAMPLES);
status = (snr < SNR_THRESHOLD_F32) * ARM MATH TEST FAILURE : ARM_MATH_SUCCESS;

= if (status != ARM MATH SUCCESS)

= #if defined (SEMIHOSTING)
printf("FAILURE\n"};
- #else
while (1); /* main function does not return */
#endif
}
else
= 1
- #if defined (SEMIHOSTING)
printf("SUCCESS\n");

_f&shile (1); /* main function does not return *:"I
endilt
}
}
Figure 4. Successful Completion of the Lowpass Filter Example in e? studio
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arm_fir_example_f32.c x
main_arm_fir_example_f32[)

main.c

-
fu

3 arm_fir_init_f32(&S, NUM_TAPS, (float32_t *)&firCoeffs32[e], &firstater32[e], blocksize);
//Performance Benchmark

] #if DSP_INSTRUCTION_ BENCH
R_LED_LEDION();

For(i=8; i < numBlocks; it+)

arm_fir_32(85, inputF32 + (i * blockSize), outputF32 + (i * blockSize), blockSize);

B #if DSP_INSTRUCTION_BENCH
R_LED_LED1OFF();
#endif

//Performance Benchmark

- gemerated output £t ference owtput
e generated output against the reference output computed

arm_snr_f32(&refoutput[0], &testOutput[@], TEST LENGTH SAMPLES);
status = (snr < SHR_THRESHOLD_F32) ? ARM_MATH_TEST FAILURE : ARM_MATH_SUCCESS;

if (status != ARM_MATH_SUCCESS)

B
E #if defined (SEMIHOSTING)
printf("FAILURE\n");
s#else
/% Print result®/
APP_PRINT("FAILURE\R");
while (1); s
| #endif
Fo)

else

main function does not return */

B {

E #if defined (SEMIHOSTING)
printf("SUCCESS\n");

#else
/* Print result*/
PP PRINT L AT IR CRATPLE
hile (1)

e

OCCEoo T s ]

main function does not return */

ri
#endif

Figure 5. Successful Completion of the Lowpass Filter Example in EWARM

The input and output buffer waveforms can be used to verify the result visually. Add the testOutput buffer to
the Memory view as shown in Figure 6, then add a new Fixed Floating Point rendering for the same buffer.

Monitors %+ %K & Stestinput_f32_TkHz_15kHz <Hex Integer> Stestinput_f32_TkHz_15kHz : (x44E8 <Fixed Floating Point> 3¢ 97 Mew Renderings...

‘0 Stestinput_f32_TkHz_13kHz Address @ -3 4 -7 8 -8B C-F

@ BtestOutput 00PEE0RECORBLIEE  0.567901 0.7952493 8.59246594
eoeeBRBRRERELAFR -8.89473435 8.19134171 1.8 ©8.4174197
f@eapooBRE084508 @.35355338 1.2552931 8.8668254 8.46193975
ooepBoRREREER451E  1.3194792 1.1827866 8.5 1.1327866
eooeoRRERERE4528 1.3194792 8.46193975 8.8668254 1.2552931
e@eepoeaR@084538  @.35355338 8.4174197 1.8 8.19134171
2EeeE00000004540 -@.89473435 ©.59246594 -e.8 -©.59246594
@eaREEREAERE4550  @.89473435 -8.19134171 -l.e -8.4174197
BeeaB0EEEEEE4560 -@.35355338 -1.2552931 -8.8668254 -8.46193975
2EeeE0RERE084570 -1.3194792 -1.1827866 -8.5 -1.1827866
GoepReRRAERE458  -1.3194792 -8.46193975 -B.8668254 -1.2552931
2260000000084500 -@.35355338 -@.4174197 -1.8 -8.19134171
2EeEE00E000045A8  B.09473435 -@.59246594 e.e ©.59246594
ooppaopRRERE45Ee  -8.89473435 8.19134171 1.8 @.4174197
8200B000000045C8  B.35355338 1.2552931 ©.3668254 ©.46193975
eoeeeoRRRERR4508  1.3194792 1.1827866 8.5 1.1827866
fgeepooBR@E845E8  1.3194792 8.46193975 8.8668254 1.2552931
8200B000000045F8  B.35355338 8.4174197 1.8 ©.19134171
eeeeBRRRREREL6ER -8.89473435 ©8.59246594 e.e -8.59246594
f@eaaopBREE84618  @.089473435 -@.19134171 -1.8 -@.4174197
2E00000000004620 -@.35355338 -1.2552931 -8.8660254 -8.46193975
BoeeBRRRREREL63R -1.3194792 -1.1827866 -8.5 -1.1827866
feeapoRBRBRE4640 -1.3194792 -@.46193975 -@.8668254 -1.2552931
2E00000000084650 -@.35355338 -2.4174197 -1.8 -28.19134171
eoeeBRRRRERE46ER  B8.89473435 -@.59246594 e.e 8.59246594
BeeaBOBEEEEE46TE -@.89473435 8.19134171 1.8 @8.4174197
ooeeBORRRERR4688  B.35355333 1.2552931 ©.8660254 ©.46193975
GoepoeRRRERE4E0G  1.3194792 1.1327866 8.5 1.1827866
efeaeoRBREERE46AE  1.3194792 8.46193975 @.3668254 1.2552931
eoepBoRRRERR46BE  ©.35355333 ©.4174197 1.e ©.19134171

Figure 6. testinput Buffer in Floating Point format of Lowpass Filter Example
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Maniters Lol 4 % &testOutput <Hex Integer> BitestOutput : 0x6558 <Fixed Floating Point> 3¢ | =p New Renderings... |

@ Btestinput_f32_TkHz_13kHz Address 8 -3 4 -7 3 -B C-F

feoapopeEREA6508 @.86790897 @.7952492 @8.788508285 @.618808652
©ep00000BRERE5E0 ©.58127524 @.38343862 ©.25924358 @.13898665
eepeporERRERESFe -2.561137E-9 -8.13898663 -8.25924358 -8.3834386
eeaapooeRRER66RE -8.58127524 -8.61880862 -8.7885822 -8.7952493
2e00000800006610 -@.867981 -8.92578263 -B.96815383 -8.9936657
@epepepEREERE628 -1.8819735 -8.99366575 -8.96815395 -8.9257827
eeaapoReRRER6638 -@.86790897 -8.7952492 -8.78858285 -@.6188862
2200000000006640 -8.58127524 -8.38343862 -8.25924358 -8.13898665
eepeporERREREE5E 2.561137E-9 @.13898663 ©8.25924358 @.3834386
feoapopeRRER066E @.58127524 e.618680862 @8.7885022 @.7952493
©o000E0ERBRREET7E  ©.367981 ©.92578263 ©8.96815383 ©.9936657
eepepERERREREEER 1.8819735 @.99366575 81 5 @.9257827
@oeppoopRREREE9E  ©.86790@97 @.7952492 B.788582085 @.6leee62
8000000800064 2 ©.58127524 @.38343862 ©.25924358 ®.13898665
eepepeREREEREEER -2.561137E-9 -8.13898663 -8.25924358 -8.3834386
@oeppoopRREREECE  -8.58127524 -B.6lee862 -8.7885822 -8.7952493
2ep00000080065600 -@.867981 -8.92578263 -8.96815383 -8.9936657
eepeRERERREREEER -1.8819735 -8.99366575 -8.96815395 -8.9257827
@oeppoopRREREEFE  -@.06790897 -8.7952492 -8.788582@5 -@.6leee62
2800000000005700 -8.58127524 -8.38343862 -8.25924358 -8.13898665
eepeRERERRERET1E 2.561137E-9 @.13898663 ©.25924358 @.3834386
GoeapoeRRRERET2E  0.58127524 @.61808862 B.7885822 @.7952493
fepaREREREEEETIA @.367981 @.92578263 8.96815383 @.9936657
eeeRE0EE8006740 1.8@19735 @.99366575 ©.96815395 @.9257827
GoeapoRRRRERETSE  B.86790@97 @.7952492 B.78856205 @.61880862
feBaREEERREEETEE @.58127524 @.38343862 @.25924358 @.13898665
eeoeRERERRERETTE -2.561137E-9 -8.130898663 -8.25924358 -@8.3834386
eepepopERRERE 50 -8.58127524 -B.61l00862 -8.7885822 -8.7952493
feBaREREREEE6798 -@.867981 -8.92578263 -B.96815383 -8.9936657
eeEeEE08080067A0 -1.8819735 -8.99366575 -8.96815395 -2.9257827

Figure 7. testOutput Buffer in Floating Point format of Lowpass Filter Example

The testinput and testOutput buffers can also be plotted using software such as MATLAB.
You can copy floating-point data from the Floating Point Rendering tab by selecting the memory area and
using Copy to Clipboard. You may need to manually edit the copied data before using it with plotting tools.

Monitors s 3¢ 8% | testOutput[0] <Raw Hex> | &testOutput{0] : 0x20000CEC <Floating Point> < | < New Renderings.
P Rz R oxoeeecae2c00ecECill o.000000E0 .79 98293264 .443146E-5 . .689187E-3 .585594E-3
PRI lloxoeeeooee2000e0eC -2 . 628080E-3 .590765E-3 . .666596E-3 .898118E-3 . 744687E-2 . 740405E-1

exo00000002000002C |l 2.681417E-1 747720E-1 . .024154E-1 .@58741E-1 .715902E-1 9.277886E-1

exo00000002000004C [l 9.682182E-1 9.934675E-1 1.001205E0 9.925860E-1 9.681540E-1 9. .679010E-1 952492E-1

ex0000000020000D6C [l 7.085021E-1 106062E-1 5.012752E-1 386E-1 .592436E-1 9866 .561137E-9 9866E-1

0x0000000020000D3C [l -2 . 5¢ i 6E -1 -5.912752E-1 5.100062E -1 085022€-1 .95249 .679010E-1 9.257026E-1

0x0000000020000DAC -9 . 681 i 9 i -1.001974E0 9.936658E-1 681540E-1 9. .679010E-1 952492E-1

ox0000000020000DCCJMl-7. -5.012752E-1 386E-1 592436E-1 9866 .561137E-9 9866E-1

0x0000000020000DEC |l 2. 59 i 6E -1 5.012752E-1 6.100062E-1 .085022E-1 .95248 .679010E-1 9.257026E-1

0x0000000020000E0C o g - §B1540E -1 9.257027E-1 .679010E-1 952492E-1
Add Watchpoint (C/C#+)... o i S -

0x0000000020000E2C[ll 7. : ) h243 9866E-1 .561137E-9 9866E-1
- Find and Replace - -

0x0000000020000E4CJll-2.. 59 : i . .679010E-1 9.257026E-1

" Renesas Eventpoints

0x0000000020000E6C[ll-9 9.257027E-1 .679010E-1 952492E-1

0x0000000020000E3CJll-7. . 6 JEEeddiRenderng ¢ 309866E-1 .561137E-9 9866E-1

0x0000000020000EAC|H 2. 59 i % Remove Rendering .952493E-1 .679010F-1 9.257026E-1
0x0000000020000ECC|ll 0. 9 Endian 9.257027E-1 .679010E-1 .952492E-1
ox0060000020000EEC |l 7. . L Floating Point Type h243 .300866E-1 .561137E-9 309866E-1

0x0000000020000F6C .59 ] Displayed Precision .952493E-1 .679016E-1 9.257026E-1
0x0000000020000F2C -9 Columns 9.257027E-1 .679016E-1 952492E-1
0x0000000020000F4C o -100062E-1 9 Update Mode EPLE 9866E-1 -561137E-9 -309866E-1

ox0000000020000F6C [l 2. 59 6 I Gy @i .952493E-1 .679010E-1 9.257026E-1
exooe0000020000r3Cjll 9.6 9 Com s 9.257027E-1 .679010E-1 .952492E-1
exooe0000020000FAC|ll 7.085021E-1 .100062E-1 £ Reset To Base Address h243 9866E-1 .561137E-9 309866E-1
exooe0000020000F CCJll-2. 592436E-1 6E-1 £ Refresh 952493E-1 .679010E-1 9.257026E-1
exooe0000020000FECJll-9. 681538E-1 9 -1.001974E0 9.936658E-1  -9.681540E-1 9.257027E-1 .679010E-1 .952492E-1
@x000000002000100C Jll-7. 6.100062E-1  -5.012752E-1 4386E-1 .592436E-1 9866 .561137E-9 9866E-1
0x000000002000102C [l 2. 59 i 6E-1 5.012752E-1 100062E-1 .085022E-1 952493E-1 .679010E-1 9.257026E-1
ex000000002000104C [l 9.681538E-1 9 1.001974E0 9.936658E-1 9.681540E-1 9.257027E-1 .679010E-1 .952492E-1
ex000000002000106C [l 7.085021E-1 6.100062E -1 5.012752E-1 4386E-1 .592436E-1 9866E-1 .561137E-9 9866E-1
0x000000002000108C[ll-2. 592436E-1 6E-1  -5.012752E-1 100062E-1 .085022E-1 952493E-1 .679010E-1 9.257026E-1
ex00000000200010AC|ll-9. 681538E-1 36657E-1 .001974E0 36658E-1 .681540E-1 9.257027E-1 .679010E-1 952492E-1
ex00000000200010CC|ll-7.085021E-1 100062E-1 .012752E-1 .592436E-1 9866 .561137E-9 9866E-1
ex00000000200010ECJll 2.592436E-1 6E-1 5.012752E-1 100062E-1 .085022E-1 .9 .679010E-1 9.257026E-1
9.681538E-1 9.936657E-1 1.001974E0 9.936658E-1 9.681540E-1 9.257027E-1 .679010E-1 .952492E-1

Figure 8. Copy testOutput buffer to clipboard

Note: Alternatively, the buffers can be exported using the debugger's memory export function. Available
export formats depend on the debugger configuration. When exporting as raw binary, select the buffer's
address range and import the file into the plotting tool using the correct data type and target byte order. For
these floating-point buffers, use 32-bit floating-point values.
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5 | | | | | |
0 a0 100 150 200 250 300 350

Figure 9. Waveform of Input Buffer of Lowpass Filter Example

14

1 L

0st

RE= L L L L L L
] a0 100 150 200 250 300 350

Figure 10. Waveform of Output Buffer of Lowpass Filter Example

2.2 Project Settings

The following settings are recommended to achieve the best performance on the Cortex-R52 core with DSP
extension.

Parameter Default Setting Notes
semihosting-enable | e? studio: false e? studio: false Semihosting is not used
EWARM: Semihosted EWARM: None
Optimization e? studio: -Og e? studio: -02 Optimize more
EWARM: Low EWARM: Medium
BSP/Heap Size RZ/T2L, RZ/T2M : 0x8000 Default Configured heap size
RZ/N2L, RZ/T2N : 0x2000
Miscellaneous e? studio: false e? studio: Use float with nano printf | Cross ARM C Linker
RO1AN8453EA0100 Rev.1.0 Page 8 of 29
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3. Performance Measurement

3.1 Enable Performance Measurement

The DSP_INSTRUCTION_BENCH macro enables performance measurement code for the arm_fir 32
function in the arm_fir_example_f32 example. Set DSP_INSTRUCTION_BENCH to 1U to enable this
performance measurement. Set it to OU to disable performance measurement.

=

{3 Project Explorer X =] | (m} Lh| arm_dsp_example_config.h X

v 5 rz_arm_dsp_examples_rzt2n_evk [ Debug]

i Binaries & Sl e & ‘ e
n)! Includes = #ifndef ARM_DSP_EXAMPLE_CONFIG_H_
Brz #idefine ARM_DSP_EXAMPLE_CONFIG_H_
& rz_gen
v 8 src

(& arm_bayes_example . F it t 1 $in ' Eaabd it ‘. .‘.“
(& arm_class_marks_example

{= arm_convolution_example [ #define DSP_INSTRUCTION_BENCH (1) l
{= arm_dotproduct_example Ay s "
(& arm_fft_bin_example o
(& arm_fir_example #define ARM_FIR_EXAMPLE (1)
(& arm_graphic_equalizer_example #define ARM_FFT_BIN_EXAMPLE (ev)
@ arm_linear_interp_example 4 Mef%n! ARM_SIN_COS_EXAMPLE (eu)
#define ARM_SIGNAL_CONVERGE_EXAMPLE (V)
& arm_matrix_example #define ARM_DOTPRODUCT_EXAMPLE (ev)
(& arm_signal_converge_example #define ARM_LINEAR_INTERP_EXAMPLE (ov)
(& arm_sin_cos_example #define ARM_GRAPHIC_EQUALIZER_EXAMPLE (eu)
e, ) #define ARM_VARIANCE_EXAMPLE (ov)
€ #define ARM_CONVOLUTION_EXAMPLE (eu)
(& arm_variance_example #define ARM_CLASS_MARKS_EXAMPLE (ev)
i= CMSIS-DSP #define ARM_MATRIX_EXAMPLE (BU)I
{= SEGGER RTT #define ARM_SVM_EXAMPLE (ev)
R N 1 #define ARM_BAYES_EXAMPLE v (eu)
#endif ARM_DSP_EXAMPLE NF } *
h| arm_dsp_example.h
| common_utils.h
€| hal_entry.c
L€ led.c
[ ledh
€] math_heiper.c
th] math_helperh
Vv (& Debug I
Figure 11. Enable Performance Measurement in arm_dsp_example_config.h
311 Using LED Function Code to Measure DSP Processing Interval

The LED1 on the RZ kits can be probed to measure the time required to complete the signal-processing
operation. The LED1 is turned on before the DSP operation starts and turned off after it completes. This
technique (GPIO toggling-based measurement) provides a simple method for measuring DSP processing
time. Refer to arm_fir_example_f32.c for an example of this implementation, as shown Figure 12.

J arm_fir_example f32.c X

126 arm_fir_instance_f32 S;

127 arm_status status;

128 float32_t *inputF32, *outputF32;

129 /* Initialize input and output buffer pointers */

130 inputF32 = &testInput f32 1kHz 15kHz[@];

131 outputF32 = &testOutput[0];

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

133 arm_fir_init_f32(8&S, NUM_TAPS, (float32 t *)&firCoeffs32[0], &firStateF32[0], blockSize);
134 =#if DSP INSTRUCTION BENCH //Performance Benchmark

135 R_LED LEDION();

136 #endif

137 S
138 ** Call the FIR process function for every blockSize samples

139 B it x/
140 = for(i=0; i < numBlocks; i++)

141 {

142 arm_fir_f32(8S, inputF32 + (i * blockSize), outputF32 + (i * blockSize), blockSize);
143 1

144

145 =#if DSP INSTRUCTION BENCH //Performance Benchmark

146 TR LCED LEDIOFF(); |

147 #endif

110

Figure 12. Setting Points of LED1 Light Start and End for Timing Measurement

e Using a digital oscilloscope (as Figure 13), probe the anode of the LED on the RZ/N2L, RZ/T2L,
RZ/T2N or RZ/T2M board and trigger on a high-to-low transition.
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RZ/N2L = 169.312 us = 0.169312 ms (CPU clock set to 400 MHz).

RZ/T2L = 152.214 us = 0.152214 ms (CPU clock set to 800 MHz).

@ Etestingut {32 Tz 15kHz,
@ &testOutput

145:973ms

+0.1ms +0.2 ms
-

RZ/T2M = 153.988 us = 0.153988 ms (CPU clock set to 800 MHz).

@ Btestinput 132 TkHa_15kHz,
@ EtestOutput

RZ/T2N = 159.813 us = 0.159813 ms (CPU clock set to 400 MHz).

& estingut_132_TikHa_15kHz
& EtestOutput

+0.5ms +0.6 ms ! | | |
——159.813 s

Figure 13. Processing-Time Measurements for the RZ/N2L, RZ/T2L, RZ/T2M and RZ/T2N

3.2 Displaying Example Status

Example status information is output to the SEGGER J-Link RTT Viewer. You can connect to the SEGGER
RTT Viewer by following the steps below.
Launch SEGGER RTT Viewer V9.44 or later from the Windows Start menu.

J

Link

JLinkRTTVie...

Figure 14. Launch J-Link RTT Viewer

Note: For communication between J-Link RTT Viewer and Cortex-R52-based devices, select the Address
option for the RTT Control Block and enter the memory address shown in Figure 15. This address can be
obtained from the map file located at Debug > rz_arm_dsp_example_rzxxx_xxx.map (with e studio) or
Debug > List > rz_arm_dsp_examples_rzxxx_xxx.map (with EWARM) in the

RO1AN8453EA0100 Rev.1.0 Page 10 of 29
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rz_arm_dsp_examples_rzxxx_xxx project. Search for ©* SEGGER_RTT”". Each arm_dsp_example build may

generate a different RTT control block address.

rz_arm_dsp_examples_rzt2n_eviemap

*(.got)
*(.got.plt)

OxPeeO5b6 __got_end =

Ox00205b60 _data_end =
.igot.plt Ox00005b60 ax@
Jigot.plt Ox00005b60 @x@ ./src/arm_fir_example/arm_fir_example_f32.0
.noncache ex10180000 @x8cO

0x10180000 _noncache_start =

Ox10180680 . = ALIGN (@x8)

@x1el80000 _data_noncache_start = .

*(.bss._SEGGER_RTT)
.bss._SEGGER_RTT
@x1e180000 @xaB ./src/SEGGER_RTT/SEGGER_RTT.o
Bx10180000 _SEGGER_RTT
*(.bss._acDownButter)
.bss._acDownBuffer

Bx101800a8 9x10 . /src/SEGGER_RTT/SEGGER_RTT.o
*(.bss._acUpBuffer)
.bss._acUpBuffer

Ox101800b8 0x800 ./src/SEGGER_RTT/SEGGER_RTT.o

Figure 15. J-Link RTT Viewer Control Block Address
Configure the SEGGER J-Link RTT Viewer.

Search Range

Connection to J-Link Connection to J-Link Connection to J-Link Connection to )-Link
O uss SN / Nickname O uss SN / Nickname O uss SN / Nickname O uss
TCP/IP TCP/IP TCP/IP
Existing Session Existing Session Existing Session
Specify Target Device Specify Target Device Specify Target Device
RIA07GO84MO4 ROAO7G074M04 = ROAO7GO75M24_CPUO RIAD7GOBAMO4
Force go on connect Force go on connect Force go on connect Force go on connect
Script file (optional) Script file (optional) Saript file (optional) Script file (optiona!
Target Interface & Speed Target Interface & Speed Target Interface & Speed
SWD ~ 4000kHz ~ SWD * 4000kHz <+  SWD * 4000 kHz
RTT Control Block RTT Control Block RTT Control Block
Auto Detection Search Range Auto Detection © Address Search Range Auto Detection © Address Search Range
Enter the address of the RTT Control block Enter the address of the RTT Control block Enter the address of the RTT Control block
Example: 0x20000000 Example: 0x20000000 Example: 0x20000000
oK Cancel oK Cancel oK Cancel

Figure 16. RTT Viewer Settings for RZ/N2L, RZ/T2L, RZ/T2M and RZ/T2N

A typical example status output is shown in Figure 17.

All Terminals Terminal 0

ARM_FIR_EXAMPLE: SUCCESS
ARM_FFT_BIN_EXAMPLE: SUCCESS
ARM_SIN_COS_EXAMPLE: SUCCESS
ARM_SIGNAL_CONVERGE_EXAMPLE: SUCCESS
ARM_DOTPRODUCT_EXAMPLE: SUCCESS
ARM_LINEAR_INTERP_EXAMPLE: SUCCESS

ARM_GRAPHIC_EQUALIZER_EXAMPLE: SUCCESS
ARM_CONVOLUTION_EXAMPLE: SUCCESS

ARM_CLASS_MARKS_EXAMPLE: mean = 212.300603, std = 50.912827
ARM_MATRIX_EXAMPLE: SUCCESS

ARM_SVM_EXAMPLE Result =1

ARM_BAYES_EXAMPLE: Class = 2, MaxProba = -3.108093

Figure 17. Example Status Output in SEGGER J-Link RTT Viewer
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4. Memory Optimization for Transform Functions

This chapter describes the memory optimization applied to CMSIS-DSP Transform Functions for the

RZ/N2L, RZ/T2L, RZ/T2M, and RZ/T2N groups. The project uses a customized CMSIS-DSP library based on
the original Arm CMSIS-DSP source. The library has been modified to reduce memory usage for the
supported transform functions.

It explains how to use the customized library in the application project, configure the required macros for
each FFT length, and evaluate the resulting memory footprint.

e Section 4.1 describes the customized CMSIS-DSP library included in the project.
e Section 4.2 explains the required configuration flow and macro settings.

e Section 4.3 summarizes the supported transform functions, FFT lengths, configuration macros, and
memory usage information.

41 Customized CMSIS-DSP Library

The CMSIS-DSP library included in this project is a customized version based on Arm CMSIS-DSP Version
1.16.2. The modifications focus on reducing the memory footprint of lookup tables used by the supported
Transform Functions.

The following modifications have already been applied:

e Lookup table partitioning: The twiddle-factor and bit-reversal tables have been divided according to
the API function and FFT length, allowing the required tables to be selected individually.

e Macro-controlled table selection: Compile-time macro definitions select the tables required for each
supported API function and FFT length. The macros follow the naming convention
[XXX]_SAMP[YYYY], where [XXX] is the API function name in uppercase and [YYYY] is the number
of points. For example, ARM_CFFT_RADIX4_F32_SAMP64 selects the tables required for a 64-
point transform using arm_cfft_radix4_f32.

e Selective inclusion of lookup tables: The customized implementation allows the application to include
only the lookup tables required for the configured FFT lengths, rather than all default library tables.
Multiple FFT lengths can be enabled by defining the corresponding macros.

The customized library source code is included in the following project directory as show in Figure 18:

v S rz_arm_dsp_examples_rzt2n_evk [Debug
q-,f' Binaries
nit Includes
= 2
= rz_gen
v §5 src
= arm_bayes_example
&> arm_class_marks_example
1= arm_convolution_example
{= arm_dotproduct_example
= arm_fft_bin_example
& arm_fir_example
&> arm_graphic_equalizer_example
(&> arm_linear_interp_example
= arm_matrix_example
(& arm_signal_converge_example
&> arm_sin_cos_example
= arm_svm_example
5 arm variance example
1= SEGGER_RTT
Lhj arm_dsp_example_config.h
] arm_dsp_example.h
Ll common_utils.h
c| hal_entry.c
¢ led.c
Lh] led.h
¢] math_helper.c
hj

lh] math_helper.h I

Figure 18. CMSIS-DSP Folder in the Project
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No additional library modification or replacement is required. Configure the macros for the API functions and
FFT lengths used by the application, as described in 4.2, and then build the project. Refer to 4.3 for the
supported functions, FFT lengths, configuration macros, and memory usage information.

4.2 Configuration

The API functions in the Transform Functions category of the CMSIS-DSP library for the RZ/N2L, RZ/T2L,
RZ/T2M and RZ/T2N groups have been extended to optimize the tables used for the number of points
required by the user application. With this extension, for example, the arm_cfft_f32 function can place library
data in high-speed memory for configurations up to 4096 points.

Users can enable this extension by adding macro definitions in the IDE that correspond to the number of
points used by the selected API functions. For more information, refer to the procedure in Section “How to
Configure”, and the macro definitions.

421 How to Configure

This section describes how to enable the required FFT lengths (number of points) for each supported
Transform APl in the customized CMSIS-DSP library by adding the corresponding macros to the compiler
symbol definitions in the IDE. These macros select the lookup tables to be included in the build.

Procedure (Overview)

e Select the API function and the number of points you want to use.

e Enable the number of points selected in step 1 by adding the corresponding macro from Section
“Macro”, to the compiler symbol definitions in the IDE.

e If you want to enable multiple point sizes, repeat steps 1 and 2.

Procedure (Detail)

e Select the API function and the number of points you want to use.
For the supported combinations, refer to “Table 5. List of Supported Number of Points”.

Table 1. Number of Points Supported by API Function “arm_cfft_f32” (*2)

No. API Supported Number of Points
Function 16 |32 |64 128 | 256 | 512 | 1024 | 2048 | 4096 | 8192
Name

1 arm_cfft_f32 o o o o o o o o 0 —

*2 Excerpted from “Table 5. List of Supported Number of Points”.

¢ Enable the number of points selected in step 1 by adding the corresponding macro from Section
“Macro”, to the compiler symbol definitions in the IDE.
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type filter text Settings - v 3
» Resource
Builders
v C/C++ Build Configuration: Debug [ Active ] ~  Manage Configurations...
Build Variables
Environment
JSON Compilation Datat %) Tool Settings | i3 Toolchain| %) Device| # Build Steps Build Artifact| si4 Binary Parsers: @ Error Parsers
Logging ) ) .
Settings (% Target Processor [_) Do not search system directories (-nostdinc)
Tool Chain Editor (2 Optimization () Preprocess only (-E)
5 C/Ce+ General \f Warnings Defined symbols (-D) 208 P
Project Natures (2 Debugging —_ =
Project References vi® Qross ARM GNU Assembler A.CEFL
Renesas QF 3 Preprocessor o Cohecka0
Run/Debug Settings 3 Includes RZ_ORDINAL=1
> Smart Configurator (2 Wamings
Task Tags (& Miscellaneous
> Validation v &3 Cross ARM C Compiler
(2 Preprocessor
(2 Includes
(2 Optimization
& Wamings
(22 Miscellaneous
v & Cross ARM C Linker
3 General - =
Undefined symbols (-U) &) %

(22 Miscellaneous
(2 Other
v 8 Cross ARM GNU Create Flash Image
(= General
v &85 Cross ARM GNU Print Size
(2 General

[~} Compile Only (-S)

Restore Defaults Apply

() Apply and Close Cancel

Figure 19. Example of Enabling “Number of Points 32” for “arm_cfft_f32” in e? studio
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Cetzemn; Factom Settingz
General Options [ Multi-file Compilation
Static Analysis Discard Unuzed Publics
Runtime Chedking
Language 1 Language 2 Code Optimizations Output
Assembler List Preprocessor Diagnostics Encodings Extra Options
Output Converter
Custom Build [ lgnere standard include directories
Lin.ker _ Addttional include directories: fone per line)
Buid Actions $PROJ_DIRS\src\CMSIS-DSPInclude
Debugger SPROJ_DIRS"src\CMSIS-DSPPrivatelnclude
Simulator SPROJ_DIRSrz\fsptsrc bspicmsis\Device \RENESAS Include®
CADI $PROJ_DIRSyz am CMSIS_EYCMSIS Core_RInclude
CMSIS DAP SPROJ_DIRSrz\fsphinc
E2/E2 Lite Preinclude file:
GDE Server
GHIMNK
T-et Defined symbals: {one per line)
Iink/I-Trace _RENESAS_RZ_ (] Preprocessor output to file
; RZ_CORE=CR52_0 Preserve comments
Fuiﬁilllf”s =Rl LE0IL] Generate Hine directives
: | ARM_CFFT_F32 SaMP32  +|
PE micra |
STLIMK
Third-Party Driver
TI MSP-FET
Cancel

Figure 20. Example of Enabling “Number of Points 32” for “arm_cfft_f32” in EWARM

¢ If you want to enable multiple point sizes, repeat steps 1 and 2.
If you enable multiple point sizes, the compiler symbol definitions in the IDE must include all macros you
want to enable.
Add all required macro definitions to the compiler symbol settings in the IDE.
The same applies if you use multiple API functions.
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type filter text

» Resource
Builders
w C/C++ Build
Build Variables
Envirenment

Logging
| Settings

Teol Chain Editor

3 C/C++ General

Project Natures
Project References
Renesas QF
Run/Debug Settings
Smart Cenfigurator
Task Tags
Validation

w

W

@

| JS0OM Compilation Datak

Settings

Configuration: Debug [ Active ]

%3 Tool Settings | i3 Toelchain | 83 Device | # Build Steps

~ Manage Configurations...

Build Artifact Binary Parsers | €3 Error Parsers

(%2 Target Processor
(# Optimization
(2 Warnings
(2 Debugging
~ %3 Cross ARM GNU Assembler
(%% Preprocessor
(2 Includes
# Warnings
(8 Miscellaneous
~ %) Cross ARM C Compiler
(5 Preprecesser
(2 Includes
(%2 Optimization
2 Warnings
(8 Miscellaneous
~ %) Cross ARM C Linker
2 General
(&2 Libraries
(# Miscellaneous
(5 Other
~ 3 Cross ARM GMU Create Flash Image
(2 General
~ 83 Cross ARM GMU Print Size
(% General

[ Do not search system directories (-nostding)
] Preprecess only (-E)

Defined symbols (-D) & & = Fl ¥

ARM_CFFT_F32_SAMP32
_RENESAS_RZ_
_RZ_CORE=CR52.0
_RZ_ORDINAL=1

Undefined symbaols (-U)

£ & § J

O Compile Only (-S)

Restore Defaults Apply
Apply and Close Cancel

Figure 21. Example of Enabling “Number of Points 32 and 64” for “arm_cfft_f32” in e? studio
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Category: Factony Settings
General Options ("] Multi-file Compilation
Static Analysis Dizcard Unused Publics
Runtime Checking
Language 1 Language 2 Code Oiptimizations Output
Assembler List Preprocessor Diagnostics Encodings Extra Options
Output Converter .
Custom Build || lgnore standard include directories
Lin_ker ) Additional include directories: (one per line)
Buid Actions SPROJ_DIRS\sc\CMSIS-DSP Include
Debugger SPRCJ_DIR%schCMS1S-DSP Privatelnclude I
Simulator SPRCJ_DIR%vwzspienchbspicmsis'\Device \RENESAS \Include®
CADI SPROJ_DIRS vz am CMSIS_BVCMSIS WCore_Runclude
CMSIS DAP SPROJ_DIRS w2 fsphing
E2/E2 Lite Preinclude file:
GDB Server
GHINK
I4et Defined symbals: (one per ine) B
ILink/1-Trace _RZ_CORE=CR52_ D [__| Preprocessar output to file
TI Stellaris _RZ_ORDIMAL=1 Preserve comments
Mu-Link ARM_CFFT_F32_SAMP32 I Generate Hine directives
ARM_CFFT_F32_SAMPE4
PE micro
ST-LINK
ThirdParty Driver
TI MSP-FET

Figure 22. Example of Enabling “Number of Points 32 and 64” for “arm_cfft_f32” in EWARM

4.2.2 Memory Usage

The memory usage for the selected API function and point size can be checked in “Table 7. List of Memory
Usage of Transform Functions”.

For example, if you select “number of points 32” in API function “arm_cfft_f32”, the memory usage is “0.6KB”
from Table 2. Memory Usage when you selected “Number of Points 32” in API Function “arm_cfft_f32” (*2).

Table 2. Memory Usage when you selected “Number of Points 32” in APl Function “arm_cfft_f32” (*2)

No. API Function name Number of Table (KB) Buffer (KB) Total (KB)
Points

2 arm_cfft_f32 32 0.3 0.3 0.6

When you select multiple point sizes, the memory usage is the sum of the table sizes and the maximum
buffer size.

For example, if you select “number of points 32 and 64” in API function “arm_cfft_f32”, the memory
usage is as follows, based on

Table 3. Memory Usage when you selected “Number of Points 32 and 64” in API Function “arm_cfft f32”
(*2).

Table size: 0.3(KB) + 0.6(KB) = 0.9(KB)
Buffer Size: Maximum Buffer size 0.5(KB)
Total : 1.4(KB)
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Table 3. Memory Usage when you selected “Number of Points 32 and 64” in APl Function
“arm_cfft_f32” (*2)

No. | API Function Name Number of Table (KB) Buffer (KB) Total (KB)
Points

2 arm_cfft_f32 32 0.3 0.3 0.6
64 0.6 0.5 1.1

*2 Excerpts from “Table 7. List of Memory Usage of Transform Functions”.

4.3 Transform Function Reference Information
This section describes the information about how to use the API function in Transform Functions.

4.3.1 Initialization Function

The table below shows the initialization function required for each supported Transform Function API. APIs

marked "—" do not require a dedicated initialization.

e Explanation of symbol
— : Not Applicable

Table 4. List of Initialization Functions

No. API Function Name Initialization Function Name
1 arm_cfft f32 —

2 arm_cfft 15 —

3 arm_cfft q31 —

4 arm_cfft radix2 {32 arm_cfft radix2 init f32
5 arm_cfft radix2 15 arm_cfft radix2 init q15
6 arm_cfft radix2 _q31 arm_cfft radix2_init q31
7 arm_cfft radix4 f32 arm_cfft radix4 init f32
8 arm_cfft radix4 q15 arm_cfft radix4 init q15
9 arm_cfft radix4 q31 arm_cfft radix4 init q31
10 arm_cfft radix8 32 —

11 arm_dct4 32 arm_dct4 _init f32

12 arm_dct4_q15 arm_dct4_init q15

13 arm_dct4 31 arm_dct4 init 31

14 arm_rfft f32 arm_rfft_init f32

15 arm_rfft fast f32 arm_rfft fast init f32

16 arm_rfft g15 arm_rfft_init 915

17 arm_rfft g31 arm_rfft_init_q31
4.3.2 Number of Points
The table below lists the supported number of points for each API function in the Transform Functions
category.

e Explanation of symbol

O : Supported
— : Unsupported
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Table 5. List of Supported Number of Points

Supported Number of Points

No. API Function Name 16 32| 64 | 128 | 256 512 | 1024 | 2048 | 4096 | 8192

1 |arm_cfft_f32 o) o(*1) o |orn| o o |o¢r1)| —

arm_cfft_q15 0(*2) 0(*2) 0(*2) 0(*2) or2) | —

arm_cfft_g31 o(*2) 0(*2) o(*2) 0(*2) or2) | —

arm_cfft_radix2_f32

arm_cfft_radix2_q15

o| ol o] o| o| ©
o| ol o] o] ©
|

arm_cfft_radix2_qg31

arm_cfft_radix4_f32

arm_cfft_radix4_q15

©| 0| N| O O | WO DN
o| ol o] o| o| ©
o| ol o] o| o| o
|
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arm_cfft_radix8 f32 — | —
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-
w

arm_dct4_qg31 — | = —
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N

arm_rfft_f32 — | —

-
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arm_rfft_fast 32 —
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arm_rfft_q15 —

|

o| ol o] 0| ol o] ©
|

o| ol o] o| o] o] o| ©
|

o| ol o] o| o| o] ©
|

=
O] Ol O
O] O O
O] O O
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O] Ol O

arm_rfft_q31 —

*1 Treat as “arm_cfft_radix8 32"

*2 Treat “arm_cfft_radix4_q15” and “arm_cfft_radix4_g31” as equivalent.

4.3.3 Macro

The table below shows the naming convention for macros used to enable point sizes for API functions in the
Transform Functions category.

Table 6. Macro

Macro Name Description

[XXX]_SAMPIYYYY] Specifies number of points of API function to
enable.

[XXX] = API function name in the Transform
Functions category, written in uppercase.

[YYYY] = Specifies number of points. The value is
one of the following: 16, 32, 64, 128, 256, 512,
1024, 2048, 4096 or 8192.

Example of a macro name specifying 16 points for the arm_cfft_f32 function

ARM_CFFT_F32_SAMP16
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43.4

Memory Usage

The tables below show the memory usage for each supported Transform Function API and FFT length. The
values include the table size, buffer size, and total memory usage associated with each configuration. The
Buffer Size value is provided as a reference for the memory required by the application when allocating input
and output buffers for the corresponding API function.

Table 7. List of Memory Usage of Transform Functions

No. API Function Name Number of Points Table (KB) Buffer (KB) Total (KB)
1 16 0.2 0.1 0.3
2 32 0.3 0.3 0.6
3 64 0.6 0.5 1.1
4 128 1.4 1.0 24
5 |arm_cfft_f32 256 2.9 2.0 49
6 512 49 4.0 8.9
7 1024 11.5 8.0 19.5
8 2048 234 16.0 39.4
9 4096 39.9 32.0 71.9
10 16 0.1 0.1 0.2
11 32 0.1 0.3 0.4
12 64 0.3 0.5 0.8
13 128 0.6 1.0 1.6
14 |arm_cfft q15 256 1.2 2.0 3.2
15 512 24 4.0 6.4
16 1024 4.9 8.0 12.9
17 2048 9.9 16.0 259
18 4096 19.9 32.0 51.9
19 16 0.1 0.1 0.2
20 32 0.2 0.3 0.5
21 64 0.5 0.5 1.0
22 128 1.0 1.0 2.0
23 |arm_cfft_q31 256 20 20 4.0
24 512 3.9 4.0 7.9
25 1024 7.9 8.0 15.9
26 2048 15.9 16.0 31.9
27 4096 31.9 32.0 63.9
28 |arm_cfft_radix2 f32 16 0.1 0.1 0.2
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No. API Function Name Number of Points Table (KB) Buffer (KB) Total (KB)
29 32 0.3 0.3 0.6
30 64 0.5 0.5 1.0
31 128 1.1 1.0 2.1
32 256 21 2.0 41
33 512 4.3 4.0 8.3
34 1024 8.5 8.0 16.5
35 2048 17.0 16.0 33.0
36 4096 34.0 32.0 66.0
37 16 0.1 0.1 0.2
38 32 0.1 0.1 0.3
39 64 0.2 0.3 0.5
40 128 0.4 0.5 0.9
41 |arm_cfft_radix2_q15 256 0.9 1.0 1.9
42 512 1.8 2.0 3.8
43 1024 3.5 4.0 75
44 2048 7.0 8.0 15.0
45 4096 14.0 16.0 30.0
46 16 0.1 0.1 0.2
47 32 0.2 0.3 0.5
48 64 0.4 0.5 0.9
49 128 0.8 1.0 1.8
50 |arm_cfft_radix2_q31 256 1.6 2.0 3.6
51 512 3.3 4.0 7.3
52 1024 6.5 8.0 14.5
53 2048 13.0 16.0 29.0
54 4096 26.0 32.0 58.0
55 16 0.1 0.1 0.2
56 64 0.5 0.5 1.0
57 |arm_cfft_radix4_f32 256 2.1 2.0 4.1
58 1024 8.5 8.0 16.5
59 4096 34.0 32.0 66.0
60 |arm_cfft_radix4_q15 16 0.1 0.1 0.2
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No. API Function Name Number of Points Table (KB) Buffer (KB) Total (KB)
61 64 0.2 0.3 0.5
62 256 0.9 1.0 1.9
63 1024 3.5 4.0 7.5
64 4096 14.0 16.0 30.0
65 16 0.1 0.1 0.2
66 64 0.4 0.5 0.9
67 |arm_cfft_radix4_q31 256 1.6 2.0 3.6
68 1024 6.5 8.0 14.5
69 4096 26.0 32.0 58.0
70 64 0.6 0.5 1.1
71 |arm_cfft_radix8 f32 512 4.9 4.0 8.9
72 4096 39.9 32.0 71.9
73 128 1.5 2.0 3.5
74 512 6.1 8.0 14.1
arm_rfft_f32
75 2048 24.5 32.0 56.5
76 8192 98.0 128.0 226.0
77 32 0.3 0.5 0.8
78 64 0.6 1.0 1.6
79 128 1.1 2.0 3.1
80 256 24 4.0 6.4
arm_rfft_fast f32
81 512 4.9 8.0 12.9
82 1024 8.9 16.0 24.9
83 2048 19.5 32.0 51.5
84 4096 39.4 64.0 103.4
85 32 0.2 0.3 0.5
86 64 0.4 0.5 0.9
87 128 0.8 1.0 1.8
88 256 1.6 2.0 3.6
arm_rfft_q15
89 512 3.2 4.0 7.2
90 1024 6.4 8.0 14.4
91 2048 12.9 16.0 29.9
92 4096 259 32.0 57.9
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No. API Function Name Number of Points Table (KB) Buffer (KB) Total (KB)
93 8192 51.9 64.0 115.9
94 32 04 0.5 0.9
95 64 0.7 1.0 1.7
96 128 1.5 20 3.5
97 256 3.0 4.0 7.0
98 |arm_rfft_q31 512 6.0 8.0 14.0
99 1024 11.9 16.0 27.9
100 2048 23.9 32.0 55.9
101 4096 47.9 64.0 111.9
102 8192 95.9 128.0 223.9
103 128 3.0 2.0 5.0
104 512 121 8.0 20.1
arm_dct4 32
105 2048 48.5 32.0 80.5
106 8192 194.0 128.0 322.0
107 128 1.5 1.0 25
108 512 6.2 4.0 10.2
arm_dct4 _q15
109 2048 249 16.0 40.9
110 8192 99.9 64.0 163.9
111 128 3.0 20 5.0
112 512 12.0 8.0 20.0
arm_dct4_g31
113 2048 47.9 32.0 79.9
114 8192 191.9 128.0 319.9
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5. Memory Optimization Results for the Arm® DSP Examples

This section describes how to demonstrate the results of the optimized library. Proceed with the following

steps:

5.1

Configure the Application Project

e Update the ARM_CONVOLUTION_EXAMPLE Macro for the Convolution Example
Open the file rz_arm_dsp_examples_rzxxx_xxx/src/arm_dsp_example_config.h and set the
ARM_CONVOLUTION_EXAMPLE macro to 1.

Ln| arm_dsp_example_config.h X

® * Copyri

= #ifndef
#define

#define

#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#endif

Name . arm_dsp

ight (c) 2026 Renesas Electronics

ARM_DSP_EXAMPLE_CONFIG_H_
ARM_DSP_EXAMPLE_CONFIG_H_

nstruction Benchmark

t it t 1U) to enable the benchmark

DSP_INSTRUCTION_BENCH
finition to 1U t

ARM_FIR_EXAMPLE
ARM_FFT_BIN_EXAMPLE
ARM_SIN_COS_EXAMPLE
ARM_SIGNAL_CONVERGE_EXAMPLE
ARM_DOTPRODUCT_EXAMPLE
ARM_LINEAR_INTERP_EXAMPLE
ARM_GRAPHIC_EQUALIZER_EXAMPLE
ARM_VARTANCE_EXAMPLE
ARM_CONVOLUTION_EXAMPLE
ARM_CLASS_MARKS_EXAMPLE
ARM_MATRIX_EXAMPLE
ARM_SVM_EXAMPLE
ARM_BAYES_EXAMPLE

* ARM DSP EXAMPLE ONFIG H

ffiliates

(1U)

(eu)
(eu)
(eu)
(eu)
(u)
(eu)
(eu)
(eu)
(1U) e
()
(eU)
()
(eu)

Figure 23. Updating the ARM_CONVOLUTION_EXAMPLE Macro in arm_dsp_example_config.h

e Adding a Macro for the Number of Points
The Convolution Example uses the arm_cfft_radix4_f32 function with 64 points. Therefore, add the
macro ARM_CFFT_RADIX4_F32_SAMP64 to the compiler symbol definitions (refer to Section 4.2.1

How to Configure”).
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B3 Tool Settings | B3 Toolchainl 53] Device| = Build Stepsl Build Artifact| Binary Parsers| é3 Error P‘arsers|

@ Target Processor [CI Do not search systern directories (-nostdinc)
(2 Optimization () Preprocess anly (-E)
2 Wamings Defined symbols (-D) 88 8§ &
(# Debugging =
w 83 Cross ARM GMU Assembler
@ Preprocessor
@ Includes
(2 Warnings
(# Miscellaneous
w B3 Cross ARM C Compiler
(5 Preprocessor
2 Includes
(# Optimization
(% Warnings
(% Miscellaneous
~ B8 Cross ARM C Linker
bi)
g EE:::EL Undefined symbols (-L) & & 3 5
(# Miscellaneous
# Other
w 53 Cross ARM GMU Create Flash Image
@ General
w 53 Cross ARM GMU Print Size
@ General

"R7Z_CORE=CR52.0
“RZ_ORDINAL=1

(] Compile Only (-5)

Restore Defaults Apply

Apply and Close Cancel

Figure 24. Enabling “Number of Points 64” for “arm_cfft_radix4_f32” in e? studio
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Laizsmn! Factom Settings
General Options [ Fulti-file Compilation
Static Analysis Discard Unused Publics
Runtime Checking
Language 1 Language 2 Code Optimizations Output
Assembler List Preprocessor Diagnostics Encodings Extra Options
Cutput Converter -
Custom Build [ |lgnore standard include directories
Lin.ker ] Additional include directories: {one per line)
Build Actions $PROJ_DIRS'src'CMSIS-D5PInclude
Debugger SPROJ_DIRS \erc\CMSIS-DSPPrivatelnclude
Simulator §PROJ_DIRSwzfspsrc bsp cmsis Device  RENESAS Include*
CADL SPROJ_DIRSwzham\CMS1S_BWCMSISCore_Riinclude
CMSIS DAP SPROJ_DIRSwz"fsphinc
E2/E2 Lite Preinclude file:
GDE Server
GHIMNK i
I-et ] : L _ _
I-ink/1-Trace CFFT_RADIX4_F32_SAMPE4 |__| Preprocessor output to file
11 Stellari | SR o Preserve comments
ot CORE=CR52_0 - Beocke
Ln ORDINAL=1
PE micra
ST-LIMK
Third-Party Driver
TIMSP-FET | Ok | Cancel

Figure 25. Enabling “Number of Points 64” for “arm_cfft_radix4_f32” in EWARM
e After completing the configuration, build the application project.
5.2 Results for the Updated Example

5.21 Example Status

By following the procedure in Section “Displaying Example Status”, the output log when running the
Convolution Example is as follows:

All Terminals Terminal 0

28> ARM_CONVOLUTION_EXAMPLE: SUCCESS

Enter Clear

Figure 26. Log Output of the Convolution Example in SEGGER J-Link RTT Viewer
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5.2.2 Memory Usage Comparison

“Memory Usage (C/C++)” in e? studio is a built-in feature that helps developers analyze and monitor memory
consumption of embedded applications after a build.

Memory Usage (C/C++)
ry Usag

Figure 27. Memory Usage (C/C++) View in e? studio

Using the “Memory Usage (C/C++)” tool in e? studio, users can check the detailed memory footprint of the
application.

The following images compare the memory usage of the original library and the customized library:

W Memory Usage <

Size:

7 Program: 17624 byte(s)

B Constant: 3880 byte(s)

B Initialized Data: 42464 byte(s)

B uninitialized Data: 10752 byte(s)

B pata: 0 byte(s)

Stack: 0 byte(s)

Others: 8937 byte(s)

Figure 28. Memory Usage with the original Library
Size:

B Program: 17512 byte(s)
. Constant: 3880 byte(s)
B Initialized Data: 8192 byte(s)
B Uninitialized Data: 10752 byte(s)
B Data: 0 byte(s)
Stack: 0 byte(s)
Others: 8937 byte(s)

Figure 29. Memory Usage with the Customized Library
The detailed comparison is shown in the table below:

Table 8. Memory Usage Comparison Between the Original and Customized library

Original library Customized library Reduction rate (%)
Initialized Data (bytes) 42464 8192 80.71
twiddleCoef (bytes) 32768 512 98.44
armBitRevTable (bytes) 2048 32 98.44

Note: twiddleCoef and armBitRevTable are included in Initialized Data (Figure 29). Their combined reduction
accounts for the 34,272-byte decrease shown in Table 8.
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6. Website and Support

Visit the following URLs to learn about key elements of the RZ family, download components and related
documentation, and get support:

RZ Product Information renesas.com/rz
RZ Product Support Forum renesas.com/rz/forum
RZ Flexible Software Package renesas.com/fsp
Renesas Support renesas.com/support
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For detailed usage notes on the
products covered by this document, refer to the relevant sections of the document as well as any technical updates that have been issued for the products.
1. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and
measurement tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor

devices must not be touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.
2. Processing at power-on

The state of the product is undefined at the time when power is supplied. The states of internal circuits in the LSI are indeterminate and the states of
register settings and pins are undefined at the time when power is supplied. In a finished product where the reset signal is applied to the external reset
pin, the states of pins are not guaranteed from the time when power is supplied until the reset process is completed. In a similar way, the states of pins
in a product that is reset by an on-chip power-on reset function are not guaranteed from the time when power is supplied until the power reaches the

level at which resetting is specified.
3. Input of signal during power-off state

Do not input signals or an 1/O pull-up power supply while the device is powered off. The current injection that results from input of such a signal or I/O
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal

elements. Follow the guideline for input signal during power-off state as described in your product documentation.
4. Handling of unused pins

Handle unused pins in accordance with the directions given under handling of unused pins in the manual. The input pins of CMO S products are
generally in the high-impedance state. In operation with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of
the LSI, an associated shoot-through current flows internally, and malfunctions occur due to the false recognition of the pin state as an input signal

become possible.
5. Clock signals

After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait until the target clock signal is stabilized. When the clock signal is generated with an external resonator or from an extemal oscillator
during a reset, ensure that the reset line is only released after full stabilization of the clock signal. Additionally, when switching to a clock signal

produced with an external resonator or by an external oscillator while program execution is in progress, wait until the target clock signal is stable.
6. Voltage application waveform at input pin

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between VL
(Max.) and Vin (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the

input level is fixed, and also in the transition period when the input level passes through the area between V. (Max.) and Vi (Min.).
7. Prohibition of access to reserved addresses

Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these

addresses as the correct operation of the LS| is not guaranteed.
8. Differences between products

Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems.
The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms
of internal memory capacity, layout pattern, and other factors, which can affect the ranges of electrical characteristics, such as characteristic values,
operating margins, immunity to noise, and amount of radiated noise. When changing to a product with a different part number, implement a system-
evaluation test for the given product.



Notice

1.

13.
14.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use
of these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights,
or other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics
or others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard™: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space
system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics
disclaims any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product
that is inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but
not limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics
products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily
injury, injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as
safety design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for
aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.

. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas

Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.

. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is

prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.

. ltis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or

transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.

This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

(Note1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indire ctly controlled

subsidiaries.

(Note2) “Renesas Electronics product(s)’ means any product developed or manufactured by or for Renesas Electronics.

Corporate Headquarters Contact information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most up-to-date
Koto-ku, Tokyo 135-0061, Japan version of a document, or your nearest sales office, please visit:
www.renesas.com www.renesas.com/contact/.
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