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1 Document Overview

This document describes how to port elQ CMSIS-NN examples found in the MCUXpresso SDK to a new
MCU, such as the LPC55S69. It covers porting for both MCUXpresso IDE and IAR Embedded
Workbench for ARM.

2 Considerations

Inferencing of a model can theoretically be done on almost any MCU, as the majority of operations
simply consist of doing multiple and accumulate math calculations. There’s no special hardware or
module required to do inferencing. However high core clock speeds and fast memory can drastically
reduce inference time. There also needs to be enough flash and RAM to store the model. It's these
memory and performance constraints that will often be a limiting factor on which MCUs a particular
model can be ported to and is very dependent on the particular model being used.

This document will cover porting elQ for CMSIS-NN to the LPC55S569. The instructions in this document
can be used to port elQ for CMSIS-NN to other devices as well.

3 Prerequisites

The following items will be needed:
a) MCUXpresso SDK for LPC55569
b) MCUXpresso SDK for RT1060 - make sure to include the “elQ” middleware option.
c¢) MCUXpresso IDE — if using MCUXpresso IDE
d) MCUXpresso Config Tools — if using IAR

4 MCUXpresso IDE Porting for CIFAR-10 Demo

4.1 Cloning a Project

The first step is to create a new LPC55S69 project using the “Import SDK Example” feature in
MCUXpresso IDE. The basic Hello World example will be used as a template to copy the elQ CMSIS-NN
source into.
1. Unzip both the LPC55S69 and the RT1060 SDK zip files into a directory path that does not
contain spaces. The files inside will be used in later steps.
Open up MCUXpresso IDE and select a new workspace.
3. Install the LPC55S69 SDK into the “Installed SDKs” tab by dragging and dropping the zipped
SDK_2.8.0_LPCXpresso55S69.zip file into the Installed SDKs window. This dialog box will
come up, and click OK to continue the import

N
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4. 1t will look something like the following when complete:

§) instlled SOz 2 [ Praperies [£] Problems [ Comsole 8 Terminel 4 image info ) Defugger Conscle:

7 Installed SDKs
Toinstallsn

SDK, simpdy dragy andl drop an SDK (zip file/folder) inta the Tnstalled SDKs view. [Coman

Installed SDKs _Available Boards Available Devices.
Name

SDK Versian
& s RT1060 1280
= RTI6 280
=L 280
M @t 050 280
=T 280

e 55555 280

5. Next |mp0rt the desired prOJect

\) Quickstart Panel ()=

In the chkstart Panel, select Import SDK examples(s)...

MCUXpresso IDE - Quickstart Panel
ioe | Mo project selected

* Create or import a project

QUL oo oo

= Build your project

6. Select the Ipcxpresso55s69 board and click on Next

1 A s
==
7. Open up the demo_apps category and select the hello_world project. In the Project name
suffix box, change it to eiq to make it unique. Change the SDK Debug Console to UART. Then
cI|ck on Finish.
.lmponpm]m
e pricrame e ]
2 T T )
8.

This will create a new project in your workspace that you can see in the project view
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4.2 Source Files

9. If not done already, unzip the RT1060 SDK. The elQ source files will be used in the next steps.
10. In MCUXpresso IDE, open the directory location of the project by right click on the project
name and selecting Properties.

25 Project Explorer 52 | & Peripherals+ 311t Registers 4% Faults BS V|8 % W
New
Go s

Open in New Window
ShowIn Alt Shift~W >

Show in Local Terminal

Copy CtrlsC
Paste Ctrls v
Delete Delete
Source

Mo

Rename... F2

& doc
38 hello_worldmex

Restore from Local History...

Launch Configurations
Utilities

SDK Management

Tools

Validate

MCUXpresso Config Tools >

Run C/C++ Code Analysis

4B E

Team
) Quickstart Panel 52 Compare With
Configure

- MCUXpresso IDE - Quickst g,
e ) Project: Ipoxpresso55569_hello_world

) i Properties AltEnter
~ Create or importa project

11. Then go to the Resource category and by the Location, click on the arrow to open that location
in Windows Explorer

) Properties for Ipexpressos5589_hello_world_eiq o X
Resouree G-y
£20UICE Path. /lpexpress055569_hello_warld_eiq
Type: Project
Location:  C:\Users\ \Documents\MCU: IDE_11.2.0_41 pace_port\poxpresso33s69_hello_world_eiq || <
Lestm st 13, 2020 at 11:17:48 AM
Textfi
Settings @n ntainer (UTF-8)
Tool Chain Editor OOther | UTF-E

12. In Windows Explorer, navigate to the Ipcxpresso55s69 hello_world_eiq folder, and then the
CMSIS folder. Then create a new folder inside the CMSIS folder named “NN”. It will look like
the following when complete:

» MCUKXpressolDE_10.3.1_.2233 » workspaced » Ipcxpresso55s69_hello_world_eiq » CMSIS

~

() Mame Date modified Type Size
NN 5/10, :31PM  File folder
Lii' arm_common_tables.h H File TKB

LZ{’ arm_const_structs.h 5/10/20 PM H File JKB

13. If not done already, unzip the RT1060 SDK. The elQ source files will be used in the next steps.

14. Inside the RT1060 SDK go to \middleware\eig\cmsis-nn\ Copy the “Source” and “Include”
folders into the NN folder created in the previous step.

15. When finished it should look like the following:

] = [ NN
“ Home Share View
« |« Ipcxpressosssea_ello_world_eiq » CMSIS > NN
O Mame -
Include
Source
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16. Take the files in the RT1060 SDK \middleware\eig\cmsis-nn\Examples\cifar10 folder and
copy them into the “Source” folder found at <project location>.

17. Then also take the files in \middleware\eiq\cmsis-nn\Examples\common\source and copy
them into the same “Source” folder as well at <project_location>. It will look like the following
when complete:

ort > [Ipexpresso55s69_hello_world_eig > source

[ weights.h 2

18. Then inside the unzipped LPC55S69 SDK folder, copy the libarm_ARMvV8BMMLIdfsp_math.a
library file found at \SDK_2.8.0 LPCXpresso55S69\CMSIS\DSP\Lib\GCC and paste it into
the “libs” folder that already exists at <project_location>

> Ipexpresso35569_hello_world_eiq » libs

HFile 256 KB

Name

libarm_ARMvEMMLIdfsp_math.a
M libpower_hardabi.a
libpower_softabia

19. Back in the MCUXpresso IDE, click on the project name, and then hit F5 to refresh the file list.
You should see the new files show up and look like the following:

[~ Ipopress055569_hello_world_eiq
€ Project Settings

) Includes
v (@ CMsls
v = NN

20. Next, the code in cifar10.c needs to be updated to work with the LPC55S69. The biggest change
will be that the RT1060 SDK demo includes camera and LCD support, which needs to be
removed when running on other boards.

a. Remove or comment out the 3 camera and display header files includes at the top of the
file near line 43:

432 //#include "display_support.h”
B 44 //#include "camera_support.h”
45 :,I:include “fsl pxp.h”

b. Add #define ""fsl_power.h" to the list of includes

58 #include "arm_nnfunctions.h”

60 #include <cmsis_compiler.h>

#include "fs1 power.h”|

Definitions

elQ CMSIS-NN Porting Guide Page 6 of 27



Then remove the camera and LCD defines from lines 66 to 104

52 #include "fsl_power.h”

64  * pefinitions

#tdefine APP_FRAME BUFFER_COUNT
/* Pi: form; b
jedefine APP_BPP 2

£ (FRAME_BUFFER_ALIGN > DEMO_CAMERA BUFFER_ALIGN)

lefine DEMO FRAME BUFFER ALIGN FRAME BUFFER ALIGN

1se

lefine CAMERA_FRAME_BUFFER_ALTGN DEMO_CAMERA_BUFFER_ALIGH

ROTATE_DISPLAY kPXP._|
APP_PXP PXP

APP_LCD_BUFFER_COUNT 2

APP_IMG_WIDTH DEMO_PANEL WIDTH
APP_IMG_HEIGHT DEMO_PANEL HEIGHT

Ps input buffer i
J#if APP_IMG_WIDTH »
ine APP_PS_SIZE APP_ING_WIDTH

APP_PS_SIZE APP_IMG_HEIGHT

APP_PS.

(APP_IMG WIDTH -1U}
¥ (APP_IMG_HEIGHT- 1U)

APP_RED @xFleeu

APP_GREEN @x@7EeU

APP_BLUE @x001FU

APP_WHITE @xFFFFU
,_FORMAT kPXP_PsPix ‘matl
,_FORMAT kPXP_AsPixelFormati

GBS65
GBS65
matRGE565

R
R

e /* Tresholds */
#define DETECTION TRESHOLD 60

lloo #define INPUT_MEAN_SHIFT {125,123,114}

Then remove the LCD and camera defines, function prototypes, and variables from line
76 t0 126:

62 #include "fsl_power.h"

63 /

64 * Definitions

65 /
66

| 67 /* Tresholds */

68 #define DETECTION_TRESHOLD 6@

69

78 #define INPUT_MEAN_SHIFT {125,123,114}
71 #define INPUT_RIGHT_SHIFT {8,8,8}

72

730/

74 ¥ Prototypes

75

76 void APP_BufferSwitchoffCallback({veid *param, void *switchoffBuffer);
77 void APP_CSIFullBufferReady(camera iver_handle_t *handle,
78 status void *userData);
79 ic void APP_Rotate(uint32_t input_buf uint32_t output_buffer);
8@ void APP_InitPxp(void

81 ic void APP_InitCamera(void);

82 void APP_InitDisplay(void)

83 ic void APP_CsiRgb5655tart(veoid

Ellstatic void APP_CsiRgb565Refresh(void);

a6 R T

2 DA

WULALILE LUUL B_ waLac
123 uintl6_t *pExtract = NULL;
124
125 uint32_t cameraRe
fell<tatic uints t curlcdBufferIdx
127
1285 /
129 * Code

130 /
131

1328 /* convl_wt, conv2_wk, conv3_wt are convolution layer weight matrices */

133 /* convl_bias, conv2_bias, conv3_bias are convelution layer bias arrays */
134 static const q7_t _ ALIGNED(4) convl_wt[CONVI_IN_CH * CONVI_KER_DIM * CONV1_KER_DIM * CONVI_OUT_CH] = CONVI_WT;
135 static const q7_t _ ALIGNED(4) convl_bias[CONVI_OUT_CH] = CONV1_BIAS;

136

Then remove the functions starting around line 200 to line 404 (after deleting the code
from the previous steps). It starts at APP_Rotate() and goes all the way to main():

191  if (score > DETECTION_TRESHOLD)

192
193 PRINTF (" Arin");

194 PRINTF(" Inference time : ¥d ms \r\n", (end - start) / 10@8);

195 PRINTF (" Detected: ¥.18s (%d%E)\r\n", labels[max_index], (inmt)score)s
196 PRINTF (" ArnieinT )

urce image buffer.
output buffer for

utputBuffer, ROTATE_DISPLAY, kPXP_FlipDisable);

elQ CMSIS-NN Porting Guide Page 7 of 27



S)static void APP_CSIFullBufferReady(

d

if (s_newFrameShawn)

{
APP_CsiRgb565Refresh();
1

2060 /*!

287 * @brief Main function

428 /

229 int main(void)

a18 {

411 const char* labels[18] = {

212 “airplane”, "automobile®, "bird", “"cat®, “deer”, "dog", "frog", "horse”
213 "ship", "truck"

414 H

f.  Finally in main(), remove the code in main() that is after the function call to
run_inference(), leaving the last closing bracket at the bottom. Remove lines 232 to 274:

226 /* Run inference with static ship image. */
3¢ run_inference(ship_image, labels);

235 <t (uint16_t*)malloc(Rec_w * Rec_h * sizeof(uintlf_t));

a0 int t*)malloc(Rec_w * Rec_h * 3 * sizeof(uints_t));
a1 (data, @ , Rec_h * 3);

$l PRINTF("\r\nCamera data processing:\r\n"};
W vhile (1)

252 if (g_isCamDataExtracted)

21. Then the main function in cifar10.c will need to be updated for setting up the clock and board:
a. Open hello_world.c by double clicking on the file name
b. Copy the following lines from hello_world.c starting from about line 36 which sets up

the clock and board hardware.

/* Init board hardware. */

/* set BOD VBAT level to 1.65V */

POWER_SetBodVbatLevel(kPOWER_BodVbatLevel1650mv, kPOWER_BodHystLevel50mv, false);

/* attach main clock divide to FLEXCOMMO (debug console) */

CLOCK_AttachClk(BOARD_DEBUG_UART_CLK_ATTACH);

BOARD_InitPins();

BOARD_InitBootClocks();

BOARD_InitDebugConsole();
c. Overwrite the similar board setup code in cifar10.c near the beginning of main(void).
d. main() in cifar10.c will look like the following when complete:

elQ CMSIS-NN Porting Guide Page 8 of 27



* @brief Main function
=int main(void)

const char* labels[18] = {
"airplane”, "automobile”, “bird", “"cat", “"deer", “"dog", "frog", "horse”,
"ship", "truck”

1

/* Init board hardware. */

/* set BOD VBAT level to 1.65V */
POWER_SetBodVbatLevel(kRPOWER_BodVbatlevell658mv, RPOWER BodHystlevelSomv, false);
/* attach main clock divide to FLEXCOMM@ (debug console) */
CLOCK_AttachClk(B0ARD_DEBUG_UART_CLK_ATTACH);

BOARD_InitPins();
BOARD_InitBootClocks();
BOARD_InitDebugConsole();]

NVIC_SetPriorityGrouping(3);
InitTimer();

PRINTF("CIFAR-18 object recognition example using CMSIS-NMN.\r\n")};
PRINTF("Detection threshold: ¥d¥X.\r\n", DETECTION_TRESHOLD);

'* Run inference with static ship image. */
run_inference(ship_image, labels);

22. Finally, prevent the hello_world.c file from compiling by right clicking on that file and selecting
Properties. In the dialog box that comes up, select the C/C++ Build category, and check the
Exclude resource from build option. Then click Apply and Close.

helle, ER—

/€. Build

| Manage Configurations.

The e refrestied sfte Lhe propect i buil i A Rescurer,

4.3 MCUXpresso IDE Project Settings

To get the project to properly compile, some changes to the project settings must be made in the IDE:

23. Open the Properties dialog box by right clicking on the project name and selecting Properties
(like done in the previous section).

24. Add the include path for the CMSIS-NN files by going to the C/C++ Build->Settings category
and then in Tool Settings tab, in MCU C Compiler->Includes, click on the Add button and add
the following:

"${workspace_loc:/${ProjName}/CMSIS/NN/Source}"
"${workspace_loc:/${ProjName}/CMSIS/NN/Include}"

It will look like the following when complete:

B8 Properties for Ipcxpresso55s69_hello_world_eiq

elQ CMSIS-NN Porting Guide Page 9 of 27
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25. Thenadd _ DSP_PRESENT=1and _ FPU_PRESENT=1 to the precompile options by using
the Add button. Note the two underscore lines before each option.

(B8 Properties for Ipoxpress055s69_hello_world_eig

[m] x
Sevings R
~ ) MCU C Compiler [J Do not search system directories (-nostding)
[ Preprocess only (-E)
Defined symbols (-D) Ela 8 5 &

[_REDLIB_

CPU_LPC555691BD100
CPU_LPC555691BD100_em33
CPU_LPC555691BD100_cm33_cored
SERIAL_PORT_TYPE_UART=1
SDK_DEBUGCONSOLE=1
CRINTEGER_PRINTF
PRINTF_FLOAT_ENABLE=0
_MCUXPRESSO

__USE.CMSIS

2 _DSP_PRESENT=1
5 FPU_PRESENT=1
Valid (5 General =Ry

26. elQ inference time is highly sensitive to code optimization settings. This can be adjusted in the
Optimization category. Set to O3 for the highest optimization.

138 Properties for Iporpresso55s69_hello_world_eiq

o

type filter text Settings
Resource
Builders
© C/C++ Build Configuration: | Debug [ Active ]
Build Variables
Environment

~| | Manage Configurations.

Logging 1 Tool Settings & Build steps Build Artifact Binary Parsers @ Error Parsers

v MCU C Compiler Optimization Level Optimize most (-03)
e

27. Then in the MCU Linker->Libraries category, add the math library by using the Add button to
add:

arm_ARMv8MMLIdfsp_math

& Tool Settings Build steps Build Artifact Binary Parsers € Error Parsers
v i MCU C Compiler | Libraries (-1) & ke
B Dialect _ ]
4 p‘a = power_hardabi
(> Preprocessor arm ARMvEMMLIdfspmath | |
(2 Includes

(2 Optimization

(& Debugging

(B Wamings

(E Miscellaneous

(2 Architecture

(E TrustZone
v i MCU Assembler

(E General

(2 Architecture & Headers
~ ) MCU Linker

(% General

(% Libraries

(2 Miscellaneous Library search path (-L) £ 8

28. Click«on Apply and Close to save these settings and close the project options dialog box.
29. Build the project using the Quickstart Panel

- MCUXpre
W Project Iposy

IDE - Quickstart Panel
hello_worle_eia [Debug]

= Debug your project

£5 Desug
30. You may get some warning messages. This is due to a CMSIS-NN bug. These can be disabled

by adding -fno-strict-aliasing to the compiler flag settings under Miscellaneous in the project
settings.

elQ CMSIS-NN Porting Guide Page 10 of 27
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31.

32.

Flash and debug the project from the Quickstart Panel

() Quickstart Panel 3

- MCUXpresso IDE - Quickstart Panel
(e ] Project: Ipcxpresso55569_hello_world_eiq [Debug]

~ Create or import a project
. New project...
) y
Import SDK exarnple(s)...
® Import project(s) fram file system...
¥ Build your project

@ Q Build
;‘{ Clean

~ Debug your project

4% Debug

Open a terminal program, and you will see it identify the ship image loaded in ship.h:

i

File Edit Setup Control Window Help

CIFAR-18 object recognition example using CHSIS-NN.
Detection threshold: 60%.

Inference time : 430 ms
Detected: ship (99%)

5 MCUXpresso IDE Porting for Keyword Spotting Demo

5.1 Create a C++ Project

The first step is to create a new project using the “New Project” wizard in MCUXpresso IDE. This new
project will be used as a template to copy the elQ source into.

1.

N

Unzip both the LPC55S69 and the RT1060 SDK zip files into a directory path that does not
contain spaces. The files inside will be used in later steps.

Open up MCUXpresso IDE and select a new workspace

Install the LPC55S69 SDK into the “Installed SDKs” tab by dragging and dropping the zipped
SDK_2.8.0_LPCXpresso55S69.zip file into the Installed SDKs window. This dialog box will
come up, and click OK to continue the import

elQ CMSIS-NN Porting Guide Page 11 of 27
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4. Next, create a new LPC55S69 project. In the Quickstart Panel, select New Project...

= 0

~

() Quickstart Panel Global Variables

. MCUXpresso IDE - Quickstart Panel
=) Project: Ipcxpresso55s69_hello_world_eiq [Debug]

~ Create or import a project

— B New project...
?a
B Import SOK example(s)..
& Import project(s) from file system...

~ Build your project

!:! 5 Build
5. Select the Ipcxpresso55s69 board and click on Next

wr c
W e |

=

6. Give it a unique project name like Ipc_cmsis_nn_kws, then make sure to select C++ Project in
the Project Type. Also, in the Project Options, select UART. Click on Finish.

B sox v a
LY =
iy The source from the SO wil be o the SOK 2 LPC o AN e/
. Configure the project
& us
Baxrd
® Defeut bowd Fles I
") Empty board files
poments sebect ar
Utities| Middieasre | Beerd Companents Absie
ptien "
*
Name
a
a
o
o
=]
a
=L
O&
o
=]
mp 25 0r
% e | e =

7. This will create a new project in your workspace that you can see in the project view

elQ CMSIS-NN Porting Guide Page 12 of 27
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5.2 Source Files

8. Once the project is created, open the project location by right click on the project name and
selectlng Properties.

TTensonTo
s <Del

5 Ipcxpresso$3s69_hello_we
Show in Local Terminal

Close Project
Close Unrelated Projects

Build Configurations >
Build Targets

Index >
Validate

Run As

Debug As 5

U Quickstart Pane!

- MCUXpresso IDE
_ioe ) Project: Ipc_cmsis_nn.

Profile As

~ Create or import a project

B Hew project.. SDK Management >
. B import SDK eempl 1008
® Import project(s) fr (B MCUXpresso Config Tools >
# Run C/C++ Code Analysis
B yeproley Team >
G§ i‘;“:‘n Compare With
¢ Configure 5
- Debug your projeci Source
Propetties Alt+Enter

9. Then go to the Resource category and by the Location, click on the arrow to open that location
in Windows Explorer

Properties for Ipc_cmsis_nn_kws o x
Resource * <
Path: /lpe_cmsis_nn_kws
Type: Project

IDE_11.2.0_41, pace_portilpe_cmsis_nn_kws | &

ast modified: August 11, 2020 3t 455:13 PM
Text file encoding

@® Inherited from container (UTF-8)

(O Other:  UTF-8

[ store the encoding of derived resources separatel;

10. In Windows Explorer, navigate to the Ipc_cmsis_nn_kws folder (or what is was named above),
and then the CMSIS folder. Then create a new folder inside the CMSIS folder named “NN”. It
will look like the following when complete:

MCUXpressolDE_103.1_2233 » workspace? » Ipc_cmsis_nn_kws > CMSIS v @& | Search CMSIS
~
Ca) MName Date modified Type Size
NN 5/21/20195:20PM  File folder

L:f' arm_common_tables.h
[Zf arm_const_structs.h
[ arm_math.h

12PM HFile TKB
12PM H File 3KB
5:12 PM H File 248 KB

11. If not done already, un2|p the RT1060 SDK. The elQ source files will be used in the next steps.

12. Inside the RT1060 SDK go to \middleware\eig\cmsis-nn\ and copy the Source and Include
folders into the NN folder created in the previous step.

13. When finished it should look I|ke the following:

« “ 4 <« lpccmsisan_vs » CMSIS v
~ || Ipe_cmsis_nn_kws A O Meme
board NN
v CMSIs | arm_common_tables.h
v [ NN [ arm_const_structs.h
Include [ arm_math.h
Source [ cmsis_armech
[ emsis_armelang.h
component o
[ cmsis_compiler.h
device -
& emsis _gech
doc [

elQ CMSIS-NN Porting Guide Page 13 of 27
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14.

15.

16.

17.

Then take the folders and files in the RT1050 or RT1060 \middleware\eig\cmsis-
nn\Examples\kws folder and copy them into the “Source” folder found at <project location>.
Then also take the files in \middleware\eiq\cmsis-nn\Examples\common\source and copy
them into the same “Source” folder as well at <project location>. It will look like the following
when complete:

b MCUXpressolDE_11.2.0_4120 » workspace_port 3 Ipc_cmsis_nn_kws > source v O Search s
~

Mame Date modified Type Size

KWS File folder

KWS_MNM File folder

local_NN File folder

MFCC File folder
| commands.h H File 113 KB
Lj( cpp_config.cpp CPP File 3KB
@' Ipc_cmsis_nn_kws.cpp CPP File 3KB
& main.cpp CPP File 14 KB
8| offwav WAV File 32KB
0] right.wav WAV File 32KB
[ semihast_hardfault.c C File SKE
Mt\merc CFile 2KB
| timerh H File 1KE

Then inside the LPCS5869 SDK folder, copy the libarm_ARMv8MMLIdfsp_math.a library
file found at \SDK_2.8.0 LPCXpresso55S69\CMSIS\DSP\Lib\GCC and paste it into the
“libs” folder that already exists at <pI'OJeCt location>

ocuments » MCUXpressolDE_11.2.0.4120 » workspace_port » Ipc_cmsis_nn_lws » libs

~
MName Date modified Type

libarm_ARMvEMMLIdfsp_math.z

libpower_hardabi.a
libpower_softabi.a

Back in the MCUXpresso IDE, click on the project name, and then hit F5 to refresh the file list.
You should see the new files show up and look like the following:

5 Project Explorer 53 |, Peripherals+ Hlf

is_nn_kos <Debug>
snsng

= o
= rightwav
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18. Next, the code in main.cpp needs to be updated to work with the LPC55S69.
a. Open main.cpp by double clicking on the file name
b. All the SAl and microphone code will need to be removed, as the inference will just be
done on pre-recorded files. To simplify this process, delete everything in the file and then
replace it all with the code below.

#include "board.h"

#include "fsl_debug_console.h"
#include "pin_mux.h"

#include "clock_config.h"
#include "timer.h"

#include "kws_ds_cnn.h"
#include "commands.h"

#define DETECTION_TRESHOLD 55

void run_inference(KWS *kws, int16_t* buf, char output_class[12][8])
{
int detection_threshold = DETECTION_TRESHOLD; //in percent
kws->audio_buffer = buf;
int start =0;
int end = 0;
start = GetTimelnUS();
kws->extract_features(); //extract mfcc features
kws->classify(); //classify using dnn
kws->average_predictions();
end = GetTimelnUS();
int max_ind = kws->get_top_class(kws->output);
if (kws->averaged_output[max_ind] > detection_threshold * 128 / 100)
{
PRINTF(" \r\n");
PRINTF(" Inference time: %d ms\r\n", (end - start) / 1000);
PRINTF(" Detected: %.10s (%d%%)\r\n", output_class[max_ind], ((int)kws->averaged_output[max_ind] * 100 / 128));
PRINTF(" \r\n\r\n");
}
}

int main(void)

{

/* (recording_win x frame_shift) is the actual recording window size. */
int recording_win = 49;

/* Averaging window for smoothing out the output predictions. */

int averaging_window_len = 1;

/* Create new instance for static audio files with averaging window len = 1. */
KWS_DS_CNN *kws = new KWS_DS_CNN(recording_win, averaging_window_len);

char output_class[12][8] = {"Silence", "Unknown", "yes",

no",

upu’ “dOWn", "Ieft", “right“, "on , of u’ "StOp“, "gO“};

BOARD_InitBootPins();
BOARD_InitBootClocks();
BOARD_InitDebugConsole();
InitTimer();

PRINTF("Keyword spotting example using CMSIS-NN.\r\n");
PRINTF("Detection threshold: %d%%\r\n", DETECTION_TRESHOLD);
PRINTF("\r\nStatic data processing:\r\n");

run_inference(kws, (int16_t *)OFF, output_class);
run_inference(kws, (int16_t *)RIGHT, output_class);
while(1)

{}
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19. Finally, prevent the Ipc_cmsis_nn_kws.cpp file from compiling by right clicking on that file and
selecting Properties. In the dialog box that comes up, select the C/C++ Build category, and
check the Exclude resource from build option. Then click Apply and Close.

{80 Propesie for e cmss_n_owsip o x

€/C++ Build

[

== Genere < | Manage Canfigurations.
Run/Debug Setfings

Restore Defaus| | Apply

7 Apgly and Clase Cancel

5.3 Compiler IDE Settings

To get the project to properly compile, some changes to the project settings must be made in the IDE:

20. Open the Properties dialog box by right clicking on the project name and selecting Properties
(like done in the previous section).

21. The following settings will need to be updated for both the “MCU C++ Compiler” and the
“MCU C Compiler”

22. Add the include path for the CMSIS-NN files by going to the C/C++ Build->Settings category
and then in Tool Settings tab, in MCU C++ Compiler->Includes, click on the Add button and
add the following:

"${workspace_loc:/${ProjName}/CMSIS/NN/Source}"
"${workspace_loc:/${ProjName}/CMSIS/NN/Include}"
"${workspace_loc:/${ProjName}/source/KWS}"
"${workspace_loc:/${ProjName}/source/KWS_NN}"
"${workspace_loc:/${ProjName}/source/MFCC}"
"${workspace_loc:/${ProjName}/source/local_NN}"

Do this for both the C++ and C compiler categories.
It will look like the following when complete:

B8 Properties for Ipc_cmsis_nn_kws m] X
type filter text Settings =4 - 8
Resource
Builders
 C/C++ Build Configuration: | Debug [ Active ] | Manage Configurations...

Build Variables

B Tool Settings Build steps Build Artifact [u) Binary Parsers € Error Parsers

~ B MCU C++ Compiler Include paths (-} 2w 8 &
(% Dialect = =
(¥ Preprocessor
(2 Includes

Task Tags
Validation

~ 8 MCU C Compiler
(52 Dialect
(% Preprocessor
(2 Includes
(2% Optimization "S{workspace_loci/${ProjName}/component/uart}"
(2 Debugging “S{workspace_loci/${ProjName}/startup}”

5 Warnings
(5 Miscellaneous
(% Architecture
(5 TrustZone

Include files (-include) L=]
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23. Thenadd DSP_PRESENT=1and _FPU PRESENT=1and ARM_MATH_CM33 to the
precompile options by using the Add button. Note the two underscore lines before
__ DSP_PRESENT and __ FPU_PRESENT. And remember that this is needed for both the C++

and C compiler options.

9 Propeties for pe_cris.nn

| [ Manege Configurstions.

|
24. elQ inference time is highly sensitive to code optimization settings. This can be adjusted in the
Optimization category. Set to O3 for the highest optimization. Again, this needs to be done for

both the C++ and C compiler options.

38 Properties for Ipc_cmsis_nn_kws. [m] X

type filter text Settings T

Configuration: | Debug [ Active ] ~ | [Manage Configurations..

& Tool Settings Build steps. Build Artifact i) Binary Parsers @ Error Parsers

[V MCU ¢~ Compiler Optimization Level Optimize most (-03) ~

[ Enable Link-time optimization (-fltc)
Fat Ito objects (-Ffat-lto-objects

25. Then in the MCU Linker->Libraries category, add the math library by using the Add button to

add:
arm_ARMv8MMLIdfsp_math

& Tool Settings Build steps Build Artifact [ath Binary Parsers @ Error Parsers

5 MCU C++ Compiler | Libraries () (=] 3
5 MCU C Compil
B emptier [orm ARMvEMMLUdfspmath | |

B3 MCU Assembler
v B MCU Co+ Linker
(5 General
(# Libraries
(22 Miscellaneous

26. In the Managed Linker Script category, adjust the heap and stack sizes to be 0x10000 and
0x1000 respectively.

power_nardabi
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() Properties for Ipc_cmsis_nn_kws

Sattings

Configuration: | Debug [ Active] | [ Manage Configurations...
1 Tool Settings

Build steps |’ Build Artifact [alh Binary Parsers 3

1) MCU o Compller [AAManage linker script

Ipe_cmsis_nn_ws_Debug.Id
o Config Tools
Project References
Run/Debug Settings

Library

NewlibNano (nohost)

[ClEnable printf float
Task Tags
Validation
Heap and Stack placement | MCUXpresso Style
Stack offset 0
Region Location Size
Heap Default Post Data 0x10000
Stack Default End 0x1000
hitecture
TrustZone
CU Assembler
General Global data placement | Defautt -
Architecture & Headlers
Extra linker script input sections b %

Input seetion description  Region Section Type

33 Managed Linker Script
T Nidicore

27. Click on Apply and Close to save these settings and close the project options dialog box.

28. Build and debug as usual, and on the terminal, you will see it correctly identify the pre-recorded
voice samples found in commands.h:

0

File Edit Setup Control Window Help

Keyword spotting example using CMSIS-HNN.
Detection threshold: 55%

d

Static data processing:

Inference time: 231 ms
Detected: off (99%)

Inference time: %31 ns

Detected: right (99%)
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6 IAR Porting

6.1 Cloning a Project

1. Extract the LPC55S69 SDK by unzipping the .zip file if not done already.
2. Open up MCUXpresso Config Tools

3. The following dialog box will pop up. If it does not, you can also go to File->New to open the
dialog box. Click on Create a new configuration based on an SDK example or hello world

project and then click on Next.

(B8 start development.

Select a way to start development

ion to
th SDK. or ARM GCC project,

onfiguration file (me).

©® Create a new configuration and project based on an SDK example or hello world project
Use this option to clone an SDK example or create a hello werld project for a supported IDE/toolchain,

OCreate a new configuration based on an existing IDE/toolchain project

for
e folder, Itis possible t
d by Config Tools into

€ the Pins, Clocks, and/or Peripherals configuration of an existing Keil uVision, IAR Embedded Workbench, CodeWarrior

it directly updating the Pins, Clocks, and Peripheral files associated with the IDE/toolchain project

a
Bro
Bro
1 3 selected processor or board without association to a toolchain
tion to any toolchain project later by
ect directory and then open it using
Next > Finish Cancel

4. On the next screen, there are several items to configure before clicking on Finish:

Select the path to the LPC55S69 SDK unzipped earlier

Select the toolchain (IAR in this case)
Select to create a hello_world project
Select a directory to put this new project into

—r
B P 20

Select a name to give the project (eiq_example for this particular example)

Create a new configuration and project based on an SDK example or hello world project

Clone project(s): eiq_example

SDKPath
C:\Data\MCUXpressoSDKNSDK_2.8.0_ LPCXpresso35569

SDK can be from https://r

Toolchain

IAR Embedded Workbench for ARM

SDK Example

Rase nroiec + directons (worksnace)
C:\Data\elQ\lpc

Project name

eiq_example

< Back Next >

Finish

Cancel

5. A new project will be created in the directory you specified.

6.2 Copying Source Files

6. With the project opened, the next steps are to copy in the CMSIS-NN files and example code
into the project directory, and then import those files into IAR.

elQ CMSIS-NN Porting Guide
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7. Go to the project directory created in the last section (ie C:\Data\elQ\Ipc\eiq_example), and
inside the CMSIS folder, add a new folder named NN.

> ciq_eample > CMSIS

Name

[&f arm_commen_tables.h

& arm_

8. Inside the unzipped RT1060 SDK go to \middleware\eiq\cmsis-nn\Source. Inside each sub-
directory copy and paste the .c and .h files into the NN folder created in the previous step.

9. Do the same for the files in the \middleware\eig\cmsis-nn\Include folder so that they are also
included in the NN folder.

10. When finished it should look like the following:

nst_structs.h

ciq_eample > CMSIS > NN

Name - Type i

[ arm_convolve_Tx1_HWC_q7_fast_nonsqu File 10k8
[ arm_convolve. Fil 9KB
& 10K8
& 17k8
& 16 KB
& 11KB
& 2KB
& 10KB
& 118
& 17KB
[ arm_ 18KB
[ arm_1 6KB
[ arm_1 12KB
(& arm 1 6KB
(& arm_1 16K8
[& an 6KE
& 10KB
& IKB
& IKB
& 7KB
& 6KE
& 4KB
& 5KB
& 2KB
[& an 29KB
[& an 6KE
[& an 16KB
[& an 14KB
& 4KB
& 5KB
& 3KB
& IKe
[& an 4KB
& am. 4KB

11. Open IAR and open the new project created in the last section by going to File->Open
Workspace and navigating to the directory to open the .eww file
12. Add a new group in the project view by right clicking on the CMSIS-NN folder and going to

Add->Add Group
‘Workspace ¥ 0 X nello_world.c x
- | ‘main)
[y
Files wo.
E @eiq_example - debug ¥ #include "fsl_device registers.h”
#include "fsl_debug_censole.n”
L ——— PR ——
common_tak Tpiems
rrr_const_structs
Make
rm_math h
F— B cmsis_amcch Compile
— B cmsis_armclang b Rebuild All
F— Bemsis_compilerh cpoyn
F— B emsis_gech
— B emsis_iccam.h C-STAT Static Analysis L
F— B cmsis_version.h
— B core_armvBmblh Stop Build

F— B core_amvmmlh [ g
F— B core_cm3zh

— Bl mpu_arm?h Remove
— Bmpu_amvBh REne
— [ tz_contexth etien
13. In the dialog box that appears, make the group name NN and click on OK
Add Group - CMSIS X
ENV:rpname
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14. Now drag-and-drop all the files in the <project_location>\CMSIS\NN folder into the NN group
that was just created in IAR. It will look like the following when complete:

@ ciq_example - IAR Embedded Workbench IDE - Arm 8.32.3
File Edit View Project CMSIS-DAP Tools Window Help
NDOE@ = LB DC =

Workspace v

debug

Files - 2
£ Weig_example - debug * )
i hoard

B arm_convole_1x1_HwWC_q7_fast_nons
arm_convohe_HWC_g15_basic.c

arm_conwvohee_HWC_ 15 _fastc
arm_convohe_HWC_gq15_fast_nonsgua..
arm_convohe_HWC_g7_basic.c
arm_convohe_HWC_g7_basic_nonsgu...
arm_convohe_HWC_g7_fastc
arm_convohse_HWC_g7_fast_nonsguar.
arm_convolve_HWC_g7_RGB.c
arm_depthwise_separable_come_HWC.
arm_depthwise_separable_coms_HwWC..
arm_fully_connected_mat_q7_vec_gl5.c
arm_fully_connected_mat_q7_wec_gl5_..
arr_fully_connected_g15.c
arm_fully_connected_gl15_optc
arm_fully_connected_g7.c
arm_fully_connected_q7_optc
arm_nn_activations_gl15.c
arm_nn_activations_o7.c
arm_nn_mat_mult_kerel_g7_g15.c
arrn_nn_mat_rnult_kernel_g7_g15_reard
arm_nn_mult_g15.c

arm_nn_mult_g7.c

— ) arm_nn_tables.h

F— [ arm_nnfunctions.h

— & arm_nnsupporfunctions.h
arm_nntables.c
arm_pool_g7_HwCc
arm_g7_ta_g15_no_shiftc
arm_g7_to_g15_reordered_no_shift.c
arm_relu_gl5.c

arm_relu_g7.c

arm_softmax_g15.c
arm_softmax_g7.c

F— B arm_common_tables h

15. With the CMSIS-NN library files added, the next step is to copy in the CMSIS-NN CIFAR10
example.

16. Take the files in the RT1060 SDK \middleware\eig\cmsis-nn\Examples\cifar10 folder and
copy them into the “source” folder found at <project location>.

17. Then also take the files in \middleware\eiq\cmsis-nn\Examples\common\source and copy
them into the same “Source” folder as well at <project location>. It will look like the following
when complete:

Q » lpc > eiqexample > source v~ B
Name - Date modified Type Size
[ cifar10.c CFile 9KB
[ hello_world.c CFile 2KB
[ image.c CFile 2 KE
[ image.h H File 4K
[ parameter.h H File IKB
|&] ship.bmp BIMP File 4KB
[ ship.h H File 16 KB
[ timer.c CFile 2KE
[ timer.h H File 1 KB
[ weights.h H File 256 KB
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18. Next, drag-and-drop the files from the last step into the group named source in the project view.
It should look like the following when complete:

Workspace v o x

debug =

Files L
E @eig_example - debug

]

i board

B CMEIS

i component

i device

i doc

W drivers

i libs

B LPCE5SEY

M IpoxpressofBsEd

o &
cifaril.c
image.c
— Rimageh
— B parameterh
— D shipbmp
— B ship.h

@ timer.c

— Rltimerh

L Rlweightsh
 startup

W utilities

B Output

33. Next, the code in cifar10.c needs to be updated to work with the LPC55S69. The biggest change
will be that the RT1060 has camera and LCD support, which needs to be removed when running
on other boards.

a. Remove or comment out the 3 camera and display header files includes at the top of the
file near line 43:

436 //#include "display_support.h”
B 22 //#include "camera_support.h”
45 //kinclude "fsl pxp.h”

b. Add #define "fsl_power.h" to the list of includes

58 #include "arm_nnfunctions.h”
59

62 #include <cmsis_compiler.h>
61

62 I#int]ude "fs1 power.h"ll

63 77

64 * Definitions

c. Then remove the camera and LCD defines from lines 66 to 104

62 #include "fsl_power.h"
63 /
64 * Definitions

define APP_FRAME BUFFER_COUNT 4
/* Pixel format RGB565, by erPixel is 2. */
fedefine APP_BPP 2

J#if (FRAME_BUFFER_ALIGN > DEMO_CAMERA BUFFER_ALTGN)
#define DEMO_FRAME_BUFFER_ALIGN FRAME_BUFFER_ALIGN

jrelse

j#define CAMERA FRAME BUFFER ALIGN DEMO_CAMERA BUFFER_ALIGN
jrendit

/* PXP =/
jrdefine ROTATE DISPLAY kPXP Rotatelse
rdefine APP_PXP PXP

edeFine APP_LCD_BUFFER_COUNT 2

ledefine APP_IMG_WIDTH DEMO_PANEL_WIDTH
2define APP_IMG_HEIGHT DEMO_PANEL_HEIGHT

square. */
PP_IMG_HEIGHT
APP_IMG_WIDTH

APP_IMG_HEIGHT

P_IMG_WIDTH -1U)
P_IMG_HEIGHT- 1U)

[#define APP_RED exFleeu
[#define APP_GREEN @x87EGU
j#define APP_BLUE @x881FU

jrdefine APP_DC_FORMAT KVIDEO P ormatRGESES
hos res 5 =/
[67 #define DETECTION_TRESHOLD 68
[os

|9 #define INPUT_MEAN_SHIFT {125,123,114}
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d. Then remove the LCD and camera defines, function prototypes, and variables from line
76 to 126:

62 #include "fsl_power.h”
63 /
64 * Definitions

65 /
66

[ 57 /% Tres s =/

68 #define DETECTION_TRESHOLD 6@

69

70 #define INPUT_MEAN_SHIFT {125,123,114}

71 #define INPUT_RIGHT_SHIFT {8,8,8}

void APP_BufferSwitchOffCallback(void *param, void *switchOffBuffer);
void APP_CSIFullBufferReady(camera_receiver_handle_t *handle
statu

void

void

void APP_InitCamera(void);

void APP_InitDisplay(woid

void APP_CsiRgb5655tart(void);
void APP_CsiRgb565Refresh(void);

R R R F R E AT TR IR L LT EEXTTE T LR L LT L

conv3_wt are conuelution layer weight matrices *
convi_bias, co ias, convi_bias are convelution layer bias arrays */

134 static const q7_t _ ALIGNED(4) convl wt[CONVL IN CH = CONVI KER DIM * CONVI_KER DIM * CONVI OUT_CH] = CONVI WT;
135 static const g7_t _ALTGNED(4) convl bias[CONVL OUT CH] = CONVL BIAS;

135

e. Then remove the LCD and camera functions starting around line 200 to line 404 (after
deleting the code from the previous steps). It starts at APP_Rotate() and goes all the way
to main():

191  if (score > DETECTION_TRESHOLD)

192 {

193 PRINTF (" == - mm s mmm oo s \rn");

194 PRINTF(" Inference time @ ¥d ms \rin", (end - start) / 1ee@);

195 PRINTF( , labels[max_index], (int)score);
196 L Arnieint )

EEF s tatic void APP_CSIFullBufferReady(cam
398 stat

FEEM if (s_newFrameshown)

{
402 APP_CsiRgb565Refresh();
i

498 */

469 int main(void)

a18 {

411 const char® labels[18] = {

412 “airplane”, "automobile®, "bird", “cat®, "deer”, “"dog", "frog", "horse”,
213 "ship", "truck"

314 };
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f.  Finally in main(), remove the code in main() that is after the function call to
run_inference(), leaving the last closing bracket at the bottom. Remove lines 232 to 274:

225 /* Run inference with static ship image. */
56 run_inference(ship_image, labels);

_t*)malloc(Rec_w * Rec_h * sizeof(uintl6_t));

(uints_t*)malloc(Rec_w * Rec_h * 3 * sizeof(uints_t));
ec_w * Rec_h * 3);

while (1)

if (g_isCamDataExtracted)
{

_w, Rec_h, pExtract, false);

e. Open hello_world.c by double clicking on the file name
f. Copy the following lines from hello_world.c starting from about line 36 which sets up
the clock and board hardware.
/* Init board hardware. */
/* set BOD VBAT level to 1.65V */
POWER_SetBodVbatLevel(kPOWER_BodVbatLevel1650mv, kPOWER_BodHystLevel50mv, false);
/* attach main clock divide to FLEXCOMMO (debug console) */
CLOCK_AttachClk(BOARD_DEBUG_UART_CLK_ATTACH);

BOARD_InitPins();
BOARD_InitBootClocks();
BOARD_InitDebugConsole();

g. Overwrite the similar board setup code in cifarl10.c near the beginning of main(void).
h. main() in cifar10.c will look like the following when complete:

201

2020 /%]

283 * @brief Main function

284 =/

265< int main(void)

206 {

287  const char* labels[18] = {
208 "airplane”, "automobile", “bird", "cat", "deer”, “dog", "frog", "horse",
269 "ship”, "truck”

218 };

211

212 | /* Init board hardware. */
213 || /* set BOD VBAT level to 1.65V */

214 | POWER_SetBodVbatLevel(kPONER_BodVbatlevel1650my, KPOWER_BodHystlevelSomy, false);
215 || /* attach main clock divide to FLEXCOMM@ (debug console) */

216 | CLOCK_AttachClk(BOARD_DEBUG_UART_CLK_ATTACH);

218 || BOARD_InitPins();
219 || BOARD_InitBootClocks();
220 || BOARD_InitDebugConsole();]

222 NVIC_SetPriorityGrouping(3);
223 InitTimer();

725 PRINTF("CIFAR-18 object recognition example using CMSIS-NN.\rin");
226 PRINTF("Detection threshold: Xd&%.\r\n", DETECTION_TRESHOLD);

228 /* Run inference with static ship image. */
223 run_inference(ship_image, labels);

230

231

232 }
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19. Finally, remove the hello_world.c from the IAR project by right clicking on that file and
selecting Remove. IAR will pop up a dialog asking if you are sure, so click on Yes to remove the

file.

worksoace

debug

larldePm

Are you sure you want to remove the item(s) from the project?

=l

6.3 IAR Compiler Settings

The final section is to adjust the IAR project settings.
20. Right click on the project name and select Options

Workspace * o X
debug -
Files L+ S
=N leig_example-debua* [ v | |

W hoard Options...
W CMSIS ®
| - & component haks

21. In the General Options category, in Library Configuration tab, check "Use CMSIS" and
check "DSP Library". This adds CMSIS math support to the project which is used by CMSIS-

NN.

Options for node "eiq_eample”

CfC++ Compiler Library Options 2 MISBAC.2004 MISRAC:1558
Assembler Target Output Library Configuration Library Options 1
Output Converter

Custom Buid Library

Nomal ~ of the C/C++
locale

. Clocale, no
s in pintf and

CADI

CMSIS Dap STOOLKIT_DIRS'inc\c\DLio_Corfig_Nommal.h
GDE Server
Tet/TTAGjet [JEnable
Iinkf)-Trace Library low Jevel interface implementation cusis
T1 Stellaris
Ntk (O None stdout/stdem Use CMSIS
® Seminosted (®) Via semihosting
PE micro iy [ DSP library
ST4ING 1AR breakpoint O Via SWO
Third-Party Driver
|_|_T1msPrET
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22. The NN directory that was created must be added to the include directory list. In the C/C++

Compiler category, go the Preprocessor tab and in the Additional include directories box, add
a line for SPROJ_DIR$/CMSIS/NN

Category:

Optiens for node "eiq_example”

General Options
Static Analysis
Runtime Checking
]
ASSEMDIEr
Qutput Converter
Custom Build
Build Actions
Linker
Debugger
Simulator
CADI
CMSIS DAP
GDE Server
I-jet/ITAGjet

Factom Settings
[ Multiile Compilation
Discard Unused Publics

MISRAL:1598

Encodings Extra Options
Language 1 |anouane 2 Code Optimizations  Output
List Preprocessor Diagnostics MISRAL:2004

[lgnere standard include directories

Additional include directories: {one per line)
$PROJ_DIRS/board Al
$PROJ_DIRS/source

.............
5PROJ_DIRS/CMSIS/NN|

| Thists

v

Preinclude file:

Options for node "eiq_example”

23. Also in the C/C++ Compiler category, in the Language 1 tab in the Language box, select Auto

X
Gz Factary Settings
General Options [ Mulkiile Campilstion
Discard Unused Publics
List Preprocessor Diagnostics MISRAL:2004
RESEORT MISRAC:1958 Encodings Bxdra Options
Output Converter Language 1| Language 2 Code Optmizations  Output
Custom Buid
Build Actions Language Language corformance
Linker Qc (@) Standard with IAR extensions
Debugger () C+s () Standard
simulator (®) Auto (extension-based) () strict
caDt
CMSIS DAP C dialect C++options
GDB Server Ocss Enable exceptions
Tiet/TTAGEL [Cla)l Enable RTTI
Hink/J-Trace [l Alow VLA Destroy static objects
T Stellris [1C++ nine sematics
Mu-ink
PE micre [[]Require prototypes

24. Also in the C/C++ Compiler category, in the Extra Options tab, check “Use command line

options” and add the following text. This is not needed for CIFAR-10 demo but would be
needed if using the KWS demo. (Note the double dashes before each option)

--enable_restrict --diag_suppre

Options for node "eiq_example"

ss Pel67 --diag_suppress Pa082,Pa050

Categoy Factory Settings
[T Multifile Compilation
Discard Unused Publics
Language 1 language?  Code  Opimizations  Oulput
Lt Preprocessor Diagnostics MISRAC:2004
rter MISRAC:1998 Encedings Bxra Options
Custom Build
Buld Actions Use command i options
Linker
Debugger
Smulator
CADI
CMsIs DAP
DB Server
Tet/ITAGjet
LT

25. elQ inference time is highly sensitive to code optimization settings. This can be adjusted in the
C/C++ Compiler category in the Optimizations tab. Set to High for the highest optimization.

Options for node "eiq_example”

X

Categay: Factay Settings
General Options (I Multi-fle Compilation
Static Analysis Discard Unused Publics
Runtime Checking
S Lt Preprocessor Diagnostics MISRAC: 2004
Assembler MISRAC 1598 Encodings Extra Options
Output Converter Language 1 Language 2 Code Optimizations Output
Custom Build
Buid Actions Level Enabled transformations:
Linker () None 7| Common subexpression elimination
Debugger Ollow [ Loop unroling
Simulator [ Function iniining
Pt Q Medim []Code maton
CMSIS DAP @) High [#] Type-based alias analysis
[ Static clustering
GDB Server Balanced > [ nstruction scheduling
L3et/ITAGiet No size constraints | |[] Vectorization
JHink/JTrace R
TI Stellaris
Hu-Link

elQ CMSIS-NN Porting Guide Page 26 of 27



A\ 4
4\

26. In the Linker category, under the Config tab, add the following to the linker options (double

underscore on both sides of the stack_size and heap_size. This increases the default stack size, as
otherwise it will run out of stack space:

__stack_size_ =0x8000
__heap_size_ =0x15000

Optiens for node "eiq_example”

Categary:

General Options
Static Analysis
Runtime Checking

CJC++ Compiler Hdefine Diagnostics Checksum Encodings
Assembler

Config || Library  Input
OLICDLItCDr;;ErtEr Linker corfiguration file
Custom Buil X
Ruild Artions Qvenide default
E—
Debtigger

Simulator

Factory Settings

Extra Options
Optimizations ~ Advanced Output  List

| SPROJ_DIRS/LPC55569_cm33_coreQ_flash.ic

Edit.
CADI

CMSIS DAP
GDE Server
I-4et/ITAGet
JLinkf)-Trace
I Stellaris |

27. Click on OK to save these settings.
28. Then click on the Make button to build the project. It should compile without errors.

® ciq_example - IAR Embedded Workbench IDE - Arm 2,504

Confiauratinn fil= symhal definitions: (one per line)

stack_size_ ~0x3000
__heap_size__=(x15000|

File Edit View Projet CMSISDAP Tools Window Help
s -
NORE@ = XKE DC 2 =t > 0 Blek= 0 - D8]
Workspate ¥ B X dfartdct x @ Make (F7)
debug + | mainl Make the active project (build files as
152 CONV3_BIAS_LSHIFT needed]
Files E- Pl - N
i 153 (ql5_t *} col buffer, NULL):
Bl Jeig_example-debug> |~ | _[}i}SEH
] 155 arm_relu_q7 (bufferl, CONV3_OUT_DIM * CONV3_OUT_DIM * (i

29. Connect a USB cable to the board and open a terminal program and connect to the COM port
that the LPC board enumerated as.

30. Run and debug the project as normal.
)

File Edit View Project CMSIS-DAP Tools Window Help

hoR@ = | XxB6lDc (Q>%>=< 0> RO =|O] i
e ¥ ? X | dfaridc x © Download and Debug (Ctri+D)
debug | |main( Download the application and start
i o . | 152 CONV3_BIAS_LSEIFT, CONV: the debugger

e 153 (gl5 T *) col buffer, NULL):

31. You should see the following output on the terminal:

w

File Edit Setup Control

Window Help
CIFAR-10 object recognition example using CHSIS-NN.
Detection threshold: 60%

Inference time : 478 ms
Detected: ship (99%)
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