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| 1. X-CUBE-AI Jy 1% 5| %

/ w \ only three simple parameters optimized STM32 NN library

(name, compression factor, targeted STM32) !"ith well-defined and simple
inference API

pre-trained NN model

(DL toolbox dependent) 3
9, generate &f
IXENg  upload | " BINNR s C-code generator > 3
{ = | Importer |— i 5
Svii (optimizer) |
topology, weights / bias DL toolbox \
' dependent Validation T~
parameters .
| engine report }
DL platform )
independent Complexity
report
e
L.I Optimized NN kernel runtime libraries No exter ngl tool dgpendenc;(/@
target dependent: STM32 Arm® Cortex®-M, IDE f‘:W”;’OWS, ,L’”w; , macoS
ost environmen
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/| 2. X-CUBE-AI 3.3.0 #&i®
32b floating point only

Al client/app layer

N x independent

(= =]

Tensor Input | topology: dnn, crn, cnn, Tensor output
shape: b,h,w,c | activation & weights/bias shape: b,h,w,c

type: float Iformat. floating point type: float g::g;ate / TR AT B e T
(with FPU)

| RAM ‘ ‘ Flash

X-CUBE-AI 3.3.0 run-time
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4,——’ project generate P
Device/Board CIopk/IP _UI —| generator > —
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logger STM32Cube ™ MCU =] ?
Packages
4 complete IDE

Al Al UI Xx-cube-ai app project
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+ aiValidation
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(optimizer)
X-CUBE-AI 3.3.0 erane X-CUBE-AI 3.3.0 pack
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. B Az 14 - STM32CubeMX Al 3.3.0 4,
WAZH T STM32 ff)—A LA R LA #E5L IDE:
+  TrueSTUDIO® & | T STM32 v9.0.1 Bk ¥ =i/ A TrueSTUDIO® (atollic.com/truestudio)

. IAR Embedded Workbench™ IDE - ARM v8.x or v7.x (www.iar.com/iar-embedded-
workbench)

«  pVision® V5.25.2.0 - Keil® MDK-ARM E I filt (www.keil.com)
. System Workbench for STM32 (SW4STM32)

. GNU Arm Embedded Toolchain (developer.arm.com/open-source/gnu-toolchain/gnu-rm)

A LU# ] STM32CubeMX 37 #7114 i F 2 45
+  Windows® 10 #! Windows® 7
+  Ubuntu® 18.4 fil Ubuntu® 16.4 (EiAiTAHRA)
R + macOS® (x64) (C.7f OS X® El Capitan fil Sierra |- Jlli)

Ubuntu®/2 Canonical Ltd. /#5575 b7
macOS®HI OS XOE x4 4\ m] 73 [7 Je 1 fiti [ 5y E ML 7 Fo

1.7 AL
X-CUBE-Al K#i Mix Ultimate Liberty+OSS+3rd-party V1 B UMY (SLA0048) %t
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2 2235 X-CUBE-AI

T#. )R8 STM32CubeMX (5.0.1 B EfRAD J&, JUBRIA 223 X-CUBE-Al #{4H.,
1. MSEHs Akt (FiBh) > [EERIRN U ) B B A [ 2020 / B bk ) T

K 4. %3 STM32CubeMX R A R,
Window Help iq n o ’ k m
I

Refresh Data Al-R .
New Project User Preferences 1stallations
Check for Updates Alt-C

Manage embedded software packages Ar-u
Updater Settings ... Al-5 halM¥ and ambaddad
| need to : Install, Remove, check for new embedded software package releases. |

CHECK FOR UPDATES

Start My project from
ACCESS TO MCU SELECTOR Install or remove embedded software packa...

INSTALL / REMOVE

Start My project from

ACCESS TO BOARD SELECTOR

2. MHRARBAFOE S &1, i URDEr ) #2410, R RERERSIER. #HA[STMicroelectronics]
IR, $F] X-CUBE-Al.

& 5. £ STM32CubeMX %23 X-CUBE-AI

m Embedded Software Packages Manager x

STM32Cube MCU Packages and embedded software packs releases
Releases Information was last refreshed less than one hour ago.
2Cube MCU Packages |[SSTMICIOEIECHOnICS

Description Available Version
»  BlueNRG-MS

v X-CUBE-AI
Atificial Intelligence 330
> X-CUBE-BLE1

»  X-CUBE-MEMS1

Details

hao:
Artificial Intelligence Packversion 3.3.0

WAR C 2% X-CUBE-Al, SR U HABBr, 2R A M EE 2.
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3. UEHRAHRIIRGEHE, SRJE s (ZED R ) S AT . 2R SE A, AR gkt I HLAT Bt [5G )
FiH.

/5 6. X-CUBE-AIl in STM32CubeMX

m Embedded Software Packages Manager X
S$TM32Cube MCU Packages and embedded softy packs rel +
Releases Information was last refreshed less than one hour ago.
b 3 .| STMicroelectronics
[ | Description
»  BlueNRG-MS
¥  X.CUBE-AI
] Artificial Intelligence 330

»  X-CUBE-BLE1

»  X-CUBE-MEMS1

Details

3.3.0:
Artificial Intelligence Packversion 3.3.0
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JA 5 STM32CubeMX N FHFEF 5, Bl (V7 McU b a% 1 8L (V5 M R BE £ 2% 1 4l . B, 3 (SCfF) > (8
BIHH .. .8 CTRL-N PRyEgE,

A 7. Al E
.

New Project Manage s

| need to : Check
Start My project from ...
ACCESS TO MCU SELECTOR Install ¢

Start My project from

ACCESS TO BOARD SELECTOR

—E

BEE, ]l Y ) STM32CubeMX IR AR % — AN E MCU B R . FIF A% MCU i JE 28 4% H ml HERRIE A
SR N IAEMEZE (RAM. INAEELH ) SRAEMEDAL STM32 NN ) MCU. iZ4rE Al i 3883 in & 8 fras.

5] 8. Al JE 2
Advanced Graphic ~
[J Enable
Artificial Intelligence V
MCUs List: 12
[J Enable
T Part o |
Peribheral y T STM32F03
npner ¢r STM32F03
ADC 12-bit 0 1 .y STM32F03
e BEDYFETIE ST THRBAEIFERS, (KT —1 NN #7H.

9 SR TAEBRIGRIE LT AL I M DL B S . {8 A TF & A T2 NN A58 (Keras 2%
#) . fEKeras 8] CNN s23l A Z8iE IR 5.
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B 9. BRAIETH T #9 Al 3888
oA Summary |
Advanced Graphic ™ K K Minimum Ram: 44.50 KBytes
o eras Minimum Flash: 2.82 MBytes
naoie
Aurtificial Intelligence ~
Enable MCUs List: 0 item (No Match) Display similar items
Model T -1 Pt 1 Reterence uarieing sia Juni prce fortow L
Type [Saved model v|
Model har_github. h5 No MCU available
Browse
Compression
K10 o 1RS48 2 5 4 .
10, E45 R4 x4 1) Al IS IERS
[T Summary |
Advanced Graphic ~ K K Minimum Ram: 4450 KBytes
eras Minimum Flash: 775.52 KBytes
[ Enable
Artificial Intelligence v
Enable MCUs List: 288 items Display similar items
Model Koms  ~ L O T T
77 STM32F4050G STM32F4050GYx Active 5.297
Type [Saved model v] Y7 STWM32F405RG STM32F405RGTx Active 5.829
Model har_github.h5 ¥ STM32F405VG STM32F405VGTx Active 8.2
- 1r STM32F405ZG STM32F405ZGTx Active 6.662
Browse i
w STMA2F407IC STM32F407I1GHXx Ad!ve 7.264
Compression w STM32F407IGTx Active 7.264
17 STM32F407VG STM32F407VGTx Active 6.57 STM32F4D
vr STM32F407ZG STM32F407ZGTx Active 7.033
vr STM32F412CG STM32F412CGUx Active 4.36
e L4k NN BRI, 38 500 (L as i BRI as A, WERA R E MCU 57424 RAM FIA A DR ‘Y, £

WA
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BHRRATERE

EEYks:, P NUCLEO-F746ZG - REM, WE 11 fix.

& 11. NUCLEO-F746ZG #Ri& %

[ New Project from a MCU X
Type >
Features Large Picture Docs & Resources (3] Datasheet 4 Buy EE
MCU Series >
4, | NUCLEOF74626
Other v
Price =23.0 STMicroelectronics NUCLEO-F746ZG Board Support and Examples
rice =
®
Oscillator Freq. = 0 (MHz) Unit Price (USS): 23.0
[ 4 Active
Productis in mass production Mounted device: STM32F7462GTx
Peripheral - The STM32 Nucleo-64 boards provide an affordable and flexible way for users to try out new concepts and build
prototypes with the STM32 microcontrollers, choosing from various combinations of performance, power
° | consumption and features. For the compatible boards, the SMPS significantly reduces power consumption in Run
° mode
° The Arduino™ Uno V3 connectivity support and the ST morpho headers allow the easy expansion of the
° functionality of the STM32 Nucleo open development platform with a wide choice of specialized shields.
° The STM32 Nucleo-64 board does not require any separate probe as it integrates the ST-LINK/V2-1 debugger and
Bution [ programmer.
[2) The STM32 Nucleo-64 board comes with the STM32 comprehensive software HAL library together with various
[2) packaged software examples, as well as direct access to the Arm Mbed™ online resources at http://mbed.org
(]
) Features
Digital IO 0
Ethemet u]
N B
) oards List: 1item
o
g |- ovevew ] patno [ mwe | ManketngStaws ] uUntPricewss) | __WountedDevice ]|
LED 0 i
g 1 NUCLEO-F7462G Nucleo144 Active 230
(2]
(]
]
On-board Debug a

Fidr RS AL, ARSI AT SR AE BRI U R AT M 4R 1L

E 12, R4 A S

X
Install or

3.2 R AT B 3B

WA MCU BT At mba oRioe i STM32 51 i ey . AR a1 b, 17 Al LUE L3 — A s A n
BRAFAISNBE LA B I BN ok BB T .
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BHRRATERE

I BT AR AL R TR E (S5 4.1 47 A X-CUBE-AI 4414) , i3 T UART 53:MUIT &K R SiEdR:.,
F STM32 Nucleo-144 Jf Kk #z, PD9 TX 1 PD8 RX 5| iR % ST-LINK IP, LLSZRFERL COM il (&%
13) .

% 13. USART3 L&

Clock Configuration Project Manager
Additional Softwares v Pinout
ZI USART3 Mode and Configuration : Pinout view =% System view
Mode [Asynchronous V|
Hardware Flow Control (RS232) |[Disable V|

[J Hardware Flow Control (RS485)

'

Reset Configuration

@ NVIC Settings @ DMA Settings @® GPIO Settings
@ Parameter Settings @ User Constants

STLK_TX [STMB2F 103CBTE_PAZ)

[Configure the below parameters : \
STLK_RX [STWB2F 103 CBTS_PA3]
Q| ( L |« i 103 [Red]
 Basic Parameters RMII_TXD1 [LANST42A CZ-TR_TXD1]
Baud Rate 115200 Bits/s
Word Length 8 Bits (including Parity)
Parity None
Stop Bits 1
~ Advanced Parameters
Nata Direction Rersive and Transmit

XtF NUCLEO-F7462G, Tilitit ZAMANC BN B AILEf a8 T R S0, A REB B v 1 RERC B SCHT

3.2.1 WOmek % E CPU Fl RSt 4R
1. Bl (I BERE R TR .
BUEW R, EiZigmEd, RGiH80 (SYSCLK, HCLK) & 72 MHz.

2. {EHCLK (MHz) ¥ NIEHEF AN 216 (%K 15) , MK #hm Sk AshcE PLL IP CRIAH <A 8h
B o IR ERE 14 B St HE, Ay [ ) gk sk,

P 4. iR S AR

Clock Wizard X

- No solution found using the current selected sources

Do you want to use other sources? L
_
BE TT7T —— 1 r . T 1
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BHRRATERE

K15, RGP E

Untitled - Clock Configuration
Clock Configuration Project Manager
H o) Resolve Clock Issues
RTC lock Mux

LS| RC

cy .

> o IWDG (KHz APB1 Prescaler

System Clock Mux — 4
HSI RC .
HsI
= 5

>
L

SYSCLK (MH2) AHE Frescaler HCLK (MHz) AFB2 Prescaler
HSE
. » O l» 216 | /1 VH 216 |__' 12~
PLL Source Mux _LLLCU( 218 WHz ma
PP
HSI | ™ A
PLLM
e [ —
HEE 4 ~ X216 v 12 ~ > To LCD-TFT (MHz)
® :

FLLQ %I:'w: SPIDFRX (MHz]

ey

™71 HsE

| 19 w 48 CLKAS8 Clock Mux
~11 Q PLLQ T\.\ \:’T: RNG (MHz
siienis —»| 3 [oussmHy
322 WE MCU f#ifids T R4t
* MBI R SEE] EDRP (%K 16) , B (RGN > [CORTEX M714%H, $I7F Cortex®-M7 i
oGRS

AZB P P A RIS 247 DA J ART D8 7 R4

& 16. MCU i TR (SHBE)
Pinout & Configuration Clock Configuration

Additional Softwares v Pinout

Q v CORTEX_MT Mode and Configuration d
System Core e Reset Configuration

- ® User Constants

Configuration

CORTEX_M7 \Configure the below parameters |
DMA
GPIO 3 STy N N\
QF=EiCiFn ] © O
IWDG ' . o
NVIC ~ Cortex Interface Settings
S Flash Interface AXl Interface
WWDG ART ACCLERATOR Enabled
Instruction Prefetch Enabled
CPU ICache Enabled
Analog ’ CPU DCache
. 5 ~ Cortex Memory Protection Unit Con._..
Timers MPU Control Mode MPU NOT USED
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Y/ BARFAPERE
e b g MCU i 8 i ELRA e o (H BT IRE I HHEHTHIBLE — 3o INFZ 17K E H 12 B 17 STM32CubeMX

T ECHS L 7% 5 1 3
3.23 CRC

i 2 CRC IP 2K 5C#F NN FEIg AT GRI Bl . 0 AUR H .
e 27 X-CUBE-Al Z{HIRWNZ 5T T i, I 1P E 50/ -

E 17. J5H CRCIP

Additional Softwares
CRC Mode and Configuration
Activated

Multimedia >
Security >
Computin e -

puting Configuration
teset Configuration

& FParameterSettingss| @ Jser Constants

Middleware > [Configure the below parameters -

) ) f<\ f,\
Application > - -

~ Basic Parameters

Additional Software e Default Polynomial State Enable
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X-CUBE-Al iR B |1 %

4 X-CUBE-AI Bt & ] 5

4.1 I X-CUBE-AI 411
1. sl (MR R4, % X-CUBE-Al [En& s mBmie (2% 18) .

18, PrinR A el

il + =
O .
v B3 STMicroelectronics X-CUBE-Al/Application 330 Adtificial Intelligence Installed
- # STMicroelectroni X-CUBE-AlApplication 330 Artificial Intelligence Application -Select-- v
~ B3 STMicroelectronics X-CUBE-Al/Core 330 Astificial Intelligence Installed
# STMicroelectroni X-CUBE-Al/Core 330 Astificial Intelligence CORE/ El Cortex M4 M7 Device
N > B %-CUBE-BLE1/Appl 420 Wireless

2. MR AR ) B O, Uik X-CUBE-AI/Core MEIHHE (%14 19) A B8 A& NN B £2E A
KM STM32 NN FE . IXFHMEIL R, 1ZEEEEMRCAFHEE, WFHEEREET Al BN R s 2 e
K72 3% NN API TS [6].

 19. ¥sin X-CUBE-AI Py 4a 4t

+ =
r
)
~ B3 STMi X-CUBE-Al/Applicati 330 Atificial Intelligence Installed
# STMicroelectroni X-CUBE-Al/Application 330 Antificial Intelligence Application ~Select- ~
~ B2 STMicroelectronics X-CUBE-Al/Core 330 Adtificial Intelligence  Inslalled
# STMicroelectroni X-CUBE-Al/Core 330 Atificial Intelligence CORE/ EI Cortex M4 M7 Device
N > Bs STMicroelectronics X-CUBE-BLE1/Application 420 Wireless
3. Hi#, FLLA X-CUBE-AIRHREFF L (2551 20) it — ik X-CUBE-Al B2«
8! kv 8
- RGMERE: MOLH AL PRSI N R
— IR ALBIENKR R
(=}
- BERRIAT: AL A 3R A R AT AR
[ 20. #H#ER X-CUBE-AI M &R
L]
y + -
U oo [ pacmunoe  packvession]  ciass | Packacton [Gioupisuogroup] _Selection [ cConaion [
v B3 STMi X-CUBE-AIA 330 Artificial Intelligence Installed
# STM ! X-CUBE-AVA 330 Artificial Intelligence Application —-Select—-
v B3 STMicroelectronics X-CUBE-Al/Core 330 Antificial Intelligence Installed ~Select--
. X o SystemPerformance
# STMicroelectroni X-CUBE-Al/Core 330 Artificial Intelligence CORE/ IValidation Cotex M4 M7 Device
> B STMicroel X-CUBE-BLE 1/App 420 Wirsless |ApplicationTemplate
N Em ETMimrsalasbeamios ¥ A1IDE DI E4MDLAINA 1O ian PP L

4. R [HT, SERUERE

4.2 J& F X-CUBE-Al 4.1
HE A A E X-CUBE-Al A4, FEPATLL RIS k.

1. IS SHCE Rk A, By (B R kR, B INE . ¥ [STMicroelectronics X-
CUBE-AI 3.3.01# FF¥I4h Al RLE & 1.
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FAETIZE DL BRI

2. WP ANTEBENK], B H X-CUBE-Al WA, Atk [ N TERENH T, A e indfith= Al N2
o

KK Al MR SE— P RN 2 (35K 20) .

& 21. = X-CUBE-AI L B IR

STMicroelectronics X-CUBE-AI.3.3.0 Mode and Configuration

Avtificial Intelligence Core

Artificial Intelligence Application

Configuration

Reset Configuration
Flatform Settings

~General Information

MNumber of model: 0 Total flash occupation: -
Validation status: - Total complexity: -
Total RAM occupation: -

:Mudel manager

Add model

~Muodel list + ¢ Quick info

Delete model

- [EEEITRIE A UL A B RS BRI A il A LR IARE A ) RO IR A ) 4D NI . T
VBT [+ 1 B4

- CRABEESRIERA TR (Al RGN AR SUSEIUER (A RERRER) 1
UART IP 41

& 22. X-CUBE-Al P& Bk

Reset Configuration
Platform Settings

¢Platform proposal

¢ Communication
Name IPs or Components Found Solutions BSP API
COM Port [USART -Asynchronous ~| [Undefined | Unknown
Undefined
USART3
N e »
4.3 EARTRINZRE) DL AR S A

MO EIR R, Sy (AR ] BB [+, TR <B4 RR> B HIBCE S, 8, WRZATOs
I MCU R JESHRE AL 7y, W E R [ 4 IE IR, 777 NN AZEE %
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UM2526
EAETRYIZRE DL AZRISCA

JZ 23. NN I & [ 5

STMicroelectronics X-CUBE-AI.3.3.0 Mode and Configuration
Mode

Avrtificial Intelligence Core

Avrtificial Intelligence Application

Text field entry to enter

Configuration

the name of the
generated C model Platform Settings
Model inputs
r:“”’""{ | ‘ To upload the
List-boxes to select the /'| f[Model kind.. ] ‘ DL file(s)
DL toolbox and file format d
‘ e+ Command and

Model kind... v : :
Wiodel kind. ‘ I report window
Keras /
Lasagne ¥ ¥
Caffe ( Cor d
ConvNetJS \éz'r':;le‘i:‘tys“:’t“: Saknow Compression:

Saved model v Flash occupation: -

RAM: -
Model and Topology Actual compression: 0.0
Saved model Show graph
Analyze
Validation from:
Validate on desktop Validate on target
Progress bar — &

1. T EXM% C BB AFRIISCARE (% 32 NP o ZTAT 8 B T ARG A& i fEEE AP 44
R (ZHE[6D o WERTERA —ARI%, TR BRI RZ T 77 8 445

2. fREMT S DL BRBRSCHFIARSC SO A% U DL TRARMIZIERIE CHRPEAIE R, HSHE 12 797 i
JEA ) TRAMRIRL 2] o

— IS LR, BAE NSO RSP DL SO SRS bRIRER IS, EAE A3t Keras HARTR
RISCE (RAF BRSO

3. R W, L AL, AR 4ERE S BRSSO (RGERMAE) o HE, EHABRENT 4, 5N

e R, ] 24 FoR. WERSRH (RS 1 EAE, &R IE ] > (it ), &E HEESE W

HEZEAMEE (BH5 13 97 D o EFiE RAM. NAF 5 TSN RS, DL AR 48 (5%
BALT)

| 24. RAM/INFEA LIE B AE

Warning

x

Required Ram or Flash size for network is bigger than available Ram or Flash

UM2526 - Rev 1 page 16/65



‘W UM2526

R

Fe 25. EAEFE4Hr DL 55

Configuration

Reset Configuration
Platform Settings  |SRERAAEE

-Model inputs
|netwu:|r|-c |
|Keras ~ | Saved model V|
Model: /C-Test/har_github.h |m
| | Browse...
| :Cn_rnrn_and
Comploxiy: 874570 MACC e Ly

Flash occupation: 77552 KBytes Show graph
RAM: 44.5 KBytes S
Actual compression: 0.0 -v" nalyze

= Validation from: |Ran|:|nm numbers V|

“alidate on desktop “alidate on target

Fer W7 H L& A5 8 74 X FC:\Users\<username>\.stm32cubemx\STM32CubeMX.log ” or
“$HOME/.stm32cubemx/STM32CubeMX.log” 116 /.

4.4 HEFE S Bk E
bR DL KA, AR S 2 F1E] 26 TR N4 RS B

2. ARG BWE

RAM FeoR I TAERE R R S0 (data BR.bss #545) MITAN RW f7GEBRIG KA (345 .

ROM/Flash W ER, $5 TR E AR AR/ R 28 Crodata #45) (92 RD EAEHLMI /N .

s FORIETRIE BILEE (MACC) WS AN DL BRI (OIhAES 241 . & B BEMOE DB AT AME CRA
AP MR AL .

K 26. 82 C HEE GafTIALED

weight/bias memory chunk

activation memory chunk N Integrated NN library r
| ww | (runtime) —
RAM size QN
l rhw l tw ROM size
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WUERTAE R C AHA

FE Al B 5T H TR RAM FHATEA DN ZER K IEHH b L 7 T 77 i iR CELFE 7 A R i 7K 219
RAM) . IXHRNZE T DL 7R i 25 G 77 g as- 2ok . NN B H /%5 718 1% 155 LR Sl 781G,
HITRANDFGEL )

4.4.1 CPU FI/IMACC

NN C JE RS 44 5 abrtk e B AEIE X R (CPU FII/MACC) . HT HARMEM 22 (i Am®T
HAE. MCU MRJZ T RGAF a0 B . NN RIS A% 2 UL SR LA ) ARMERS Zefili i HER R CPU Ja 3/
MACC, T A STM32 ALt E. HA2, ALAEHMH UMMl (1T 32 i & C A

«  STM32 Arm® Cortex®-M4: ~9 4~ #I/MACC
«  STM32 Arm® Cortex®-M7: ~6 /& #i/MACC

FEIE AL F e DR FIRE P& T IRl USRI MR CHRTRAIE 2, IS %55 9 1 Al R4uTERE
BLHFERF) .

4.4.2 BT AE R C A Y B TR
i [ EoREE 1AL, Bon CEBA RS ERER bAE DL AR E B EMERE (& 27) .

& 27. PrAE R C AR B

[£] Neural Network Graph e
Network Graph
input_0 Input
conv2d_1 Conv2D
conv2d_1 nl Nonlinearity
max_pooling2d 1 Pool
flatten_1 Reshape
dense_1 Dense
dense_1 nl Nonlinearity
dense_2 Dense
dense_2 _nl Nonlinearity
dense_3 Dense
dense_3 nl Nonlinearity
@ layer without weights
@ 'ayer with weights

4.5 BrE AR R C AR A

P (SR RIE ) $H, RPN C B IG I R . (PR B (351K 28) MR T L2 A
MHRZEE (Z55 6.2 17 WikE5| %) 8. R, X PRWIER, (HERFHIT, UHEZERIEHE AL (%
5 6.1 1 BUBRAE RS AT R as) o
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WERTAE R C AR

3

& 28. BPRA T B

Configuration

Reset Configuration

Flatform Settings  [SRETSAEE

[Keras v|Saved model ~
Model: /C:Test/har_github.hs |
| | Browse. ..
:Cnmmand
Validation status: Success Compression-

Complexity: 874970 MACC

Flash occupation: 775.52 KBytes
e
Actual compression: 0.0 =

Validation from: |Randnm numbers V|

“alidate on desktop “alidate on target

EZ VRGBSR UL HEER G (b1 &0 . ik 29 fron. JCHORIER SRR C JZ ) L2 3%

o

& 29. £l ERAE - HERSE

Additional Software e

ion L BUtguL

Matching results.
MACC / frame: 874570
BOM size: T775.52 KBytes
ELM size: 44,50 EBytes (Minimum: 44.50 EBytes)

Matching criteria: L2 error < 0.01 on the output tensor

REef layer 0 matched with C layer 0, error: 6.0551777e-08
Eef layer 4 matched with C layer 2, error: 0.004730353%¢
4
&

Ref laver 5 matched with C laver error: 0.0041537024
Eef layer € matched with C layer &, error: 0.0010825457

Validation: CK

r
"

Fer BT FE, IR & Ref layer X matched with C layer Y, error: 0.0...” 2724 DL #E7H (X)) JR1GES51 C &
YY) 2K FSEFREME I (I 6.1 77 EIERAIF I a7
TER B, EAEH) DL BEZE 4 A7 5 ik 2 A e 119 IDE T H
A TE A TR IR R, R Al IAIE" IS H AR & 2 J5 A B [ HAR FIGUE 13RI, W Z7E i — 25
ﬁ(ij@ﬁ;ﬁ% I X-CUBE-AI ZHAFHR 5 3 25) MEBEIIET . 5 (E EAE AR 10 17 Al SGIER TR+ E
i
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‘Yl YRITIET DL AL
4.6 N DL R AY
S AZA DL AL, MECAZ R SR, (2, WIEMREIKZ 5% s STM32 MCU B4 i m] i RAM AN
2= g5 RAM FIIAAE & S M

KA R Bl [+1 424, B DL AR S Z AT IR K20 3R . R 2L
B 30 B2 NMMEREENE

Reset Configuration
MRl Flatform Settings

- General Information

Total flash occupation: 931.32 KBytes

Number of model: 2
Validation status: - Total complexity: 5424994 MACC
Total RAM occupation: 107.0 KBytes
-Model manager
+ ¢ Quick info

-Model list .
net1 RAM: 62.5 KBytes
net2 Complexity: 4550024

Flash: 155.8 KBytes
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4% IDE 5 H

3

5.1 “E % IDE i H
DU P BRIGINT Wom T AEARIE MR E Al 5 e 415 00 T A4E B IDE T H 1 $8 STM32CubeMX i 8
1. ki (OUE RS A
2. WELH A EFAAK
3. WAL HFER IDE (4 EWARM for IAR™. TrueSTUDIO® for Atollic IDE a4tk
4. FERTER/NERR RN, TR IR AR R R e FTRE R Y (T AT Z24F S AR 7 1) /) 2 KB)

& 31. IDE RIS R HI B S B A

Project Settings

Project Name
|my_ai_prnject |

Project Location

|C:‘tai_|ab‘tprnject‘t |

Application Structure

|Basic: ~ | [ Do not generate the main()

Toolchain Folder Location
|C:‘nai_|ab‘uprnject\my_ai_prcuj ecth

Toolchain / IDE
|EWARM VB e | O Generate Under Roo

¢Linker Settings
Minimum Heap Size 02000

Minimum Stack Size (4000

+Mcu and Firmware Package

Mcu Reference
[STM32F7462GTx

Firmware Package Name and Version
|STM32CL|bE FW_F7V1.14.0 Use latest available version

Use Default Firmware Location

| Browse

5. i (AR RS f4, AR S 4RI H R E (45 IDE TH ) R RS

B % IDE I H #1A], a0 P O F S A AL RFHFR R, HE 0w B S SR (1 UART 4)
W), TSt 32 AR EAE. BRVEMEE, S8 4.1 95 % X-CUBE-Al 411F .

E 32. Al IP ERB A 523

m Warning: Code Generation K

WARMINGS:

- These IPs still have some not configured or wrong parameter values:
[STMicroelectronics X-CUBE-AI.3.3.0, Verify the Plateform Settings Tab ]

Do you still want to generate code ?
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UM2526
k= gile e

5.2 Fe SR
L STM32CubeMX T H T Lk IDE Wi H I, A AR G FEAL  F ek STM32 HROT K B A 8 Al -
1. JA3h IDE N AR HT T T AL s K 300 H SO

2. MEIEReRE B . IR Ok S AN AIRER, Bl A A SECER RS, 5N AT Al
(1 IR A XS A RE A T ZE K HEEE C AP
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‘W UM2526

X-CUBE-AIl l#54

6 X-CUBE-AI PN #5444
6.1 BT S RO 937 o P A 28

C RS B AG 51 2 77 IR HE B TSN 8] GEE P& DhFE) A7t 83 (RAM & ROMD o % 5| S5 T To sl
EMTTE, BWE AT E2L I ZRAA B SRk B i AL S0 (P 28T U1 2/ 38 e SO
i ZZ B BORAEFFYIR B IORS DD

« BEMmELE (A& TE. x4, x8)
- CEMTHE (e EHRMY
- CRAETREEREE (KSEER
- WREEET, WGRIERIME DL BAREE . % (~10°08) 548 32 £ C ¥ s i JF ALY 64 777 /5
BOOMNER. R, XHFRAMLE, 1000 53 .

& 33, EMRE RS

- w.conv x1 wi.conv
x& w2'.dense compressed
-------- w2.dense _ wa.dense | . ROM size
” - w3’.dense
[ dense ] U compressed e
dense ROM size w3.dense _.~"" W compressed
|
w3.dense = parameter model size aver
v x sizeof(float32) ) )
parameter generated weights/bias
model size memory chunk
original DL model (weights + bias) (concatenation of all layers)

RAIER RS R AGERER, (HRRAGEFIFARTHIN, 2RAERE 2R, P C BALK 42 i
RERER VPG BT AL IR IR AR I (BB 6.2 1) .
o BRiRERE
- AIWE, WMOUEBERBCE AR R E N, Fefai e Mk — L2 (n“Zd, “#E)
EE%E%%D#F%T&“EL)&%%HEZEE‘J?MJCE) SR A BT R AR A I N 2% 3 L B
SH=ZP o

K 34, RS

dense

original DL model graph generated C-model graph
(logical view)
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LA -3

o EHEBOETARE RS 2 SO RIW BORAT I N FEOB 2. (Bam R fEas ittt o B MOV D) RE
AR X . WOEAEESEAR RS 2 M E AT . Kk, WoEZ X 1R/ AN L 2 K s R AP 2K
RIE

&l 35. BAERIE TR WX

generated NN library
\‘W”te Optimized inference function

(linked-list based)
[1.output activation buffer - I1.conv
[Zdense] < " — | | . dense
.dense =, wite ) |-i3dense
12.output RAM size ~=

</read MAX(hidden activatign size layers) rhw l malloc/free
+ MAX(layer computing needs)

original DL model
client stack system heap

executing flow

6.2 5] 4
PR — b ] B P RS, T B A BT EL BT AR R C R 5 A (1 DL R 2 RIS I (B354 36)
NP PR R G N T R T A BE ML N B E 8 R4, 25500 14.2 47 el o ate D o R
JETH T HERLA L2 MXHRZE . AU R R B L2 AR ZE 38R BT AR i C R R 5 20 CF 30k B X B A
0.01 L) o X-CUBE-Al ¥ BB NATE S HF0 DL HEZL 2 (i —AMEEE DL $AT 515, s, BME T A 38R
W, AT5AT 25 REAR AL T AL B C R, PERETT S 5 JRAG Python ™ BEBUR—F, (HEAN Al C A8, HEFIH A E
SCBHEEEAT NN B IR gt AT i — A A .

= 36. BFR AN R

- Random numbers I Uploaded I
Fixed random > DL el
generator [10] moade
Native host execution environment L2 L2 relative error
calculation
Custom data-set ] Custom data i Generated 0 If < 0.01, validation

is considered as OK

C model
csv file format (compressed or not)
- one flatten input tensor by line Host (x86) or STM32 execution environment

- used separator ‘,’

R 37 PRI~ 3G L2 MR 2%, o
« Fj: CAURSZEH j ks 18l
o fi MINRGAERH | EL

E 37. L2 H&

L _E s
N T

SR P R AT
o [REMEEIRIE] XM BUG EE DL B 5 H A ) X86 C AL, XA A L EIgAT . A
e 4.5 75 AR AE R C AR iR
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LA -3

« [HFFERUE]: XA B DL B S H AR RIS AT C AR . XML B —MRRIR 8 AL IS I AR

{i?ﬁ{\ﬁﬁ@aﬁiﬂﬁ NN, IEF 2 COM ABRE TN RGUEE . fth AE B SLanSS 10 55 Al G UE S R e
Zi

[ H AR L GAIE ) AL -

« HSKRNPTER K STM32 1)

o A RAER DL RS AT A N X C R 2544

o AUERE Ml ETHE L2 % (R T_EAEEEER COM D .

o ENHANRRE NG, WEESATIE (ZEE 10 55 AN AT

K 38. HAs LRAE
Random numbers [ N Uploaded [l
DL model v
Native host execution environment L2 .
f @ calculation L2 relative error
Custom data Il _ If <0.01, validation
N COM bridge is considered as OK
proxy

J UART COM

aiValidation FW

Generated

28y W >
% ‘ﬁ\ P C-model
P (compressed or not)

TN L AR HAIITG THE (GIFEHD i C:\Users\<username>\.stm32cubemx\ai_stm32_msg.log” =/ 1#9H
FXAFA,
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AR STM32 NN

7 A S STM32 NN JE

UCHREA SN DL BRI AE B 1T (BT DL AR C 3ok, IR A FRATZR 2 F P IR LI N 4R 2R (&
HEE A3 AT DL B ) o BANET network_runtime.a FESZILRI W EFAE API:

o <EHFe.c R <EF>h SR FR I
s <HF>_data.c Fl <E#>_data.h SO AT RCE MR 2
Va2 P E T REEF STM32 MCU F J /T A i 119 % /T B 1 R 25 X1
Network_runtime.a J£ 5% NN 5 W AZAE N §E A
o TERERRMYBUWIGR T BTE R RS A

o BT AREAEERS RIEA RGBS, IARIE TSR] 7% (it ARM-NN. TensorFlow ™ % fii i i & ¥
5 .

7.1 Ji] 12
39 & 39 # T FrAE i STM32 NN f1f MCU B R AL (A4 A

] 39. MCU 4 pARRLFIL E

Al client exported STM32 NN package
layer R —
e <<allocate>> ST | & 7
| activations[] weights/bias[] I
<<yse=>> i | <name>_data.c/.h
ai_<name> XXX <<use>> '
\—K — S-St - <<use>> -
<name>.c/.h v i network_runtime.a
network runtime
static library
!
<<yse>>
v
Arm CMSIS library .
MCU Arm <]——1 libc: memset, memepy,... S@:I' M32 I\)f@SZU device
tool-chain libm: expf, powf, sqrtf,... Arm Corte_ -M4/M7 core
rellesiies architecture

STFRHAZ, SH NN ERON a8 E 4 H RIS R AL SO MRS (<&F>.c Ml <&#>h X
£ FMREMRESE (<& FH>_data.c Al <4 F>_data.h SCIE) VERESCIE. RS AERE T A HE R4 32 47 I Ta) J5
(network_runtime.a) . 5 RSz TH] [ FIFH A B/

. b libe T EThBE (memcpy. memset) , @ H MCU T HAEHE.
o ¥ Cortex®-M b fE (FPU 1 DSP 54 [ CMSIS &, B2 STM32 HAL tf)—i4 .
+  malloc/free HEITIT L “BHELE (“GRUNMLSTM” |2) o FEARRMA T, Rl A2 X 401
JFEHAT B . BT AR AR cell BT X Ab BRI [A] Jal 4 P e S o
. NT X FF expf. powf. tanhf fl sqrtf R, EFE—NEEEE (GCF DSPIFPU) .
o WEMKE/DN CRIER AL FL MRS AR R SEERME S50 9 1 Al RGEREN T .
e FEFER I P EE (IR ) TR AT Ok B o
BIE T IS IX AT S8 LI Ky /4] (bss #l.data 267) . i55%# ai_<name> init () B,
T REUIIT G S M 22 200 X R 17 1 A X A6 2 NN A 2/ o
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FERARAD L
7.2 PEVRACAE IR AR
40 IDE TWEHK, ArA i NN 6 %45 H 370 e <project_name>/Middlewares/ST/Al/ .
28N CMSIS-DSP % i) arm_dot_prod_32.c 34«
<Tit H 44 75>
|- Drivers\CMSIS\DSP_Lib\Source\BasicMathFunctions
| \_ arm dot prod f32.c
|- Inc
| |- bsp_ai.h /* STMCubeMx A RIS */
| |- constants_ai.h /* T AT MR */
[
|--Middlewares
\-- ST/AI
| /* */
|-- AT /* X-CUBE-AI WAZAERM NN BE */
| |-- data
| | |-- <name 1> data.c /* EHH NN RE/E */
| | |-— <name_1> data.h
| | |-- <name 2> data.c
| | \-- <name_ 2> data.h
| |=- include
| | |-- <name 1>.h /* BHAIL/F N APT */
| I |-- <name 2>.h
| | \- *.h /* AR AFRL S </
| |-- 1lib
| | \-- network runtime.a /* EFBITEIAIE */
| \== Bre
| |-- <name 1>.c /* Bk NN SEELx /
| \-- <name 2>.c
| /* */
|
\-- Application
|-— SystemPerformance /* BB */
|-- Inc
| \-- aiSystemPerformance.h
\== Sre
\-- aiSystemPerformance.c
TN B T <EB>.0 XA “include” AFTEF G i 2k AFABERA L (network_ runtime.a” /4) o
T HB W5 G C Al BRI, 7 24k 2 K #)*bsp_ai.h”, “constants_ai.h” #“SystemPerformance.* X

1Fo
IDE 5 H 3L AR ) STM32CubeMX AE it F B8 LA R RF A€ AR G0 L It
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HE AP &3

# FEE AT ARSI AR O

# AL TICMFRALE
NN_LIB ?= ./Middlewares/ST/AI
STM32 HAL DIR ?= ./Drivers

# THATHE
SRC += $(NN_LIB)/AI/data/* data.c
SRC += $(NN_LIB)/AI/src/*.c

# C/CH++5 P As T
CPPFLAGS += —I$ (NN LIB)/AI/Include
CPPFLAGS += -I$ (NN LIB)/AI/data

# Wik arm dot prod £32.c”3ff

CPPFLAGS += -DARM MATH CM7 -D_FPU_ PRESENT=1U

CPPFLAGS += -D$(STM32_ HAL DIR)/CMSIS/Include

SRC += $(STM32 HAL DIR)/CMSIS/DSP Lib/Source/BasicMathFunctions/arm dot prod f32.c

# I8 NN B AT I I R P A R AR T
LDFLAGS += -L$(NN_LIB) /AI/lib -l:network runtime.a

# HT A1 RGMEREN A
SRC += $(NN_LIB)/Application/SystemPerformance/Src/aiSystemPerformance.c
CPPFLAGS += -IS$(NN_LIB)/Application/SystemPerformance/Inc

7.3 FrE Al 630t

XF Al N FHFEFF, STM32CubeMX fUHEAE i #% 2 H sl A4 ke 2 3. BT STM32 HAL JZ BA A K 19 BA A 7 52
X, F XSO RTE AN E ) STM32 BE 4T & Fl vk B A Bt v I F2 7A00S (2% aiSystemPerformance.c 1
aiSystemPerformance.h SCAFSEH]) .
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Z ML API

/* @file - bsp ai.h - STM32Cube MX AERUIIREE */

#include "stm32f7xx.h"

#include "stm32f7xx_hal.h"

#include "app x-cube-ai.h"

#include "constants_ai.h"

#define UartHandle huart3

#define MX UARTx Init MX USART3 UART Init

/* @file - app x-cube-ai.c - STM32Cube MX AMHIRAIG */

#include "bsp ai.h"
#include "aiXXX.h"

void MX X CUBE AI Init(void)
{
MX_UARTx Init();
aiXXXInit (); /* HHRMWBHREFMIAND R */
/* FPAESFFR 0 */
/* FHPAESER 0 */
}

/*
* AL JGE1E5S
=Y
void MX X CUBE AI Process (void)
{
aixxxXProcess (); /* HATRHEFNZBIANL L */
HAL Delay(1000); /* %R 1s */
/* RIS 1 o~/
/* FPARIEEEHR 1 +/

7.4 Z L& HEFE API
app_x-cube-ai.c and app_x-cube-ai.h SCAFEHEAE Al 7 P i R AL R AT DU 1038 1 2 0 2536 38 AP & 15 J54 itk
ANSHEREZ P APLAEBRGE (B4 8 4 AR % 05 APD ; HUE create () MEURF. % 5ik iM%
(11 C SRR A R BB R 40 Sl o e 1 3 BEELAE 0 2 AL USRS FI R, A6 9 FHE AR A A R 24 (1
BT

/* @file - app x-cube-ai.h/.c - GSTM32Cube Mx ARHIMAG */

const char* ai mnetwork find(const char *name, ai_ int idx);

ai_error ai mnetwork create(const char *name, ai handle* network, const ai buffer*
network config);

ai_bool ai mnetwork get info(ai handle network, ai network report* report);

ai_error ai mnetwork get error (ai_handle network);

ai_handle ai mnetwork destroy(ai_handle network) ;

ai_bool ai mnetwork init(ai_handle network, const ail network params* params) ;

ai_i32 ai _mnetwork run(ai_ handle network, const ai buffer* input, ai buffer* output);

7.5 N FZFE 22 eV E B E I

N T ORIPN D G G B F R VT IR, RS N R RSB AL o G RAE 2 e RE AR h A APL, 25T B JE A B R
UEXT LB NN FIER

N KR EZ/D> RAM BOGER], FIERIAR R RRGE A i Bt (SizeSHARED) RSZRFZAMLE. XAHL T, /7
W AGRIEIEAEREAT BOHERBE PAT AN BERE 57 — M ZE AT 4 o5
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REBABEE B EE B IR
SizeSHARED = MAX (AI <name> DATA ACTIVATIONS SIZE) for name = “netl” .. “net2”
& QIR 2 H T SE0T IRV BCES SR AT R T8 s BE TN SO TR A H OB HIBT X o

7.6 ARHE AN £ i T Y
FET BT STM32 (EfE 88 28K (LT LA/FAIF3 FNEET F7/H7) , B TPERERIZR, A R E s AR B &
K. Flash ART IP DL}z Arm®H T R4 207 (JET Cortex®- M7 (44 24 IR FIAEME 2 IE R EIEA . NN
15 Ctext #47) F1 RO ¥l (.rodata #4r) WIICE NN X . RW $di (.data.data F1 .bss #B5r) AU
BEMWAR SRAM i, R AR B AUICE A B RIRS AR

e BTG IX AT B IR BT ER o 2R X 1 SE o o7 AT ARy A7 B L AFE0PIX o e PTATEEEZ [F], A LU R
JHEM XTI, B2 7] LUAE R A TR BRI KT 77 e 1 75 o

7.7 YA =

PEDb L R — ks AR A Y R ORNRALIESCAT) o ANSCRFIZATI W BB BOIRZAS B4 . NN B 3 1138
I X-CUBE-Al A= i s fRiE. — L8l fn] LUl ai <name> get_error () MR ER.
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Y/ BARIEEE 3 API

8 RN ZCHER X 7 i AP

RN SHEHL 2 55 AP & <project_name>/Middlewares/ST/Al/src/<name>.h SCAERT—EB45 . BT bR HOR 22 B MR 8
FITHEALR) C MR 2 FRAE R

8.1 i N x-D SR EAT R
g NG i X R A R R % 3 AMERE KR (HWC fififg s, R, EMEE) N7 34
dkE, WURIHAERE . X BRI struct ai buffer C 45T SURE L.

/* @file: ai platform.h */

typedef struct ai buffer ({

ai buffer format  format; /*1< ZXAER x/

ai ulé n batches; /*!< ZMXRitis */

ai ulé height; /1< G PEYETE */

ai_ulé width; /1< X EEYERE */

ai u32 channels; /*I< X IEEG S */

ai handle data; /* U< ARG X AR AR E </

} ai_buffer;

e H i, WA H % E K% AT BUFFER FORMAT FLOAT #4570 (32 f//Fk5) »
B C 25 I 7] T A PG5 TS S X

8.1.1 i
St 4k, TR R C SR A L B AR R

#include "network.h"

#define xx SIZE VAL /* =H *W*C=C */
ai float xx datal[xx SIZE]; /* n MK =1, ME =1, BE =1, @& = Cc */
ai float xx data[B * xx SIZE]; /* n #K =B, ME =1, BE =1, @& = Cc */

ai float xx data[B] [xx SIZE];

40, — 45k BEIEASA R

channels = C

data[] _
‘ X[0] ’ x[1] ‘ ***************** x[C-1] n_batches = 1
width = 1

height = 1

channels = C

data[]
X[0][0] xoj1 | x[0][C-1]

n_batches = B
width =1
height = 1

x[1][0] e X[1][C-1]

8.1.2 LS
T gEsk A, SRR 4k C A A HET R AL FEM AR Tk . AR R WU B SR 4G T B AR R IA R ik &=
(RGP ANYESE . Keras / TensorFlow™ 1) H 1 C. Lasagne H () H 1 W.
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create() / destroy()

#include "network.h"
#define xx SIZE VAL /* = H * W * € =H=+*C */

ai float xx datal[xx SIZE]; /* n K = 1, mE =8, BE =1, BE = c */
ai float xx data[H][C];

ai float xx data[B * xx SIZE]; /* n #tik = B, =% = H, % = 1, @HE = Cc */
ai_ float xx data[B] [H] [C];

B A1 kBRI R

channels = C

dataf]
o | oxorn | xoyic-1]
X(11[0] | x111C-1] n_batches = 1
width = 1
________________________________ height = H
e — XH-T[C-1]
o IR LG T AP I4E/75 HWC A (47 Lasagne: CHW) , J 7 5 77 BLH) IE HHES) 7570 % -

8.1.3 YRR
ST =ik B, SR bR =4k C BrdLA7 ik B HED IR AL B4 AN A 7k B

#include "network.h"

#define xx SIZE VAL /= Eow W oE € oY

ai float xx data[xx SIZE] /* n fK = 1, ®E =8, BE = w BE =Cc */

ai_float xx data[H] [W] [C]

’
’

W, JBIE = Cc */

ai float xx data[B * xx SIZE]; /* n #ik = B, ME = B, %E
ai_float xx datal[B] [H] [W] [C];

K 42, 2B EBHEAAR

width x channels = W x C

channels = C channels = C channels = C

dataf]
a a | | | ______ | | | | | ______ | | _____________ | | | ______ | |
n_batches = 1

--------------------------------------------------------------------------------------- height = H

8.2 create() / destroy()

ai error ai <name> create(ai handle* network, const ai buffer* network config);
ai handle ai <name> destroy(ai handle network);

XS R EUR Al S RIRI AR NN SE B0 00 FH A RO AL ai handle 512 244 586 31 HoAth b 2

ANIE B3

*  <name>_config ZHUEHIGAN ai_buffer KIRHEMBKACELZMNIX, H (AI_<NAME> DATA CONFIG C &
SO AR RS (B0 <& 77>.h ) AR
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get_error()

. YRR S, BAURA ai <name> destroy () BREL, BT BCH TR
HAfEA

#include <stdio.h>
#include "network.h"

s+ B RSBI NN BIA RTR

static ai handle network = AI HANDLE NULL;

int aiInit (void) {
ai error err;

err = al network create(&network, AI NETWORK DATA CONFIG) ;
if (err.type != AI ERROR NONE) {
/> EHEHR </

printf ("E: AI error - type=3%d code=%d\r\n", err.type, err.code);

8.3 get_error()

ai_error ai <name> get error(ai handle network);

GBI R P TAEPAT ai_<name>_xxx () BB PRGN MR 11555 ai_platform.h 3L
fF, RBIRFEINHIRSETE (ai error type) FAHIAS (ai error code) FlK.

BA A ERRELEEF (HTREEMAD

#include "network.h"

void ailLogErr (const ai error err, const char *fct)
{
if (fct)
printf ("E: AI error (%s) - type=%d code=%d\r\n", fct, err.type, err.code);
else
printf ("E: AI error - type=%d code=%d\r\n", err.type, err.code);

8.4 get_info()

ai bool ai <name> get info(ai handle network, ai network report* report);

1% ATk R ECT R i TR R Se 4k NN I E B (T IRIAFIH D
network AW LAEET MAIW. E5% ai <name> create() PR
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init()

AU

#include "network.h"

/* SIHSEEIE NN AR+ /
static ai handle network = AI HANDLE NULL;
int aiInit (void) ({

ai network report report;

ai bool res;

res = ai_network get info (network, &report)
if (res) {

/* BoR/AE R+ /

8.5 init()

ai bool ai <name> init(ai handle network, const ai network params* params);

R ] R B 2 i P T HIAR AL S A NN P9 RIS 4T I 2544 -

*  params ZHE N4 (ai network params KA , AL AERE (params B 115 LA
RO B 2E 2 X (activations @) ©

° network AN AUEE AW, ES% ai <name> create() PR

/* @file: ai platform.h */
typedef struct ai network params_ {

ai buffer params; /*0 SREEMXELR (BFR! D x/
ai buffer activations; /* 0 BOEZMXAELE (BFR D x/

} ai_network params;

WAEFZA C EBIF RS E AT <NAME> xx C & XWIHHIL LS 5
. params J&PEACFRAE /i Z A7 2 e X
*  activations J&MEACERE RIS AT MBUE AR ZM X, % ai <name> run () RED
. E‘E?;Eﬁl_%‘]?gﬁ’\]jid\%%ﬂﬁﬂ LR C 58 L (BH UM< EFf>_data.h) Kig Lo IXELGE X AT A Jo L T 52 2
A2 X 2 o
— AT <NAME> DATA WEIGHTS SIZE
— AT _<NAME> DATA ACTIVATIONS SIZE
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run()

AU

#include <stdio.h>
#include "network.h"
#include "network data.h"

s+ BRI NN BIA R TR

static ai handle network = AI HANDLE NULL;

/* SCPREOEHER I X MR - R/W B </
AT ALIGNED (4)
static ai u8 activations[AI NETWORK DATA ACTIVATIONS SIZE];

int aiInit (void) {
ai error err;

/* YIHEHRIZE >/

const al network params params = {
AI_NETWORK_DATA WEIGHTS (ai_network data weights get()),
AI NETWORK DATA ACTIVATIONS (activations) };

if (!ai network init (network, é&params)) {
err = al network get error (network);

/> EHERR x/

}

8.6 run()

ai 132 ai <name> run(ai handle network, const ai buffer* input, ai buffer* output);
ZRRECEHHE NN LR AR 2 X 25 (ai_buffer A FAHATKE A7 TN 00 HH 7K &
(BH5 8.1 17 AN x-D 5kEAT)

. IR MR BN TR 2 EL (n batches > 1) o WHLREMEE MEECNAS, NI
ai <name> get error () BRHGREEIR.

o WJU# AT _<NAME> TN 1 (F1AT _<NAME> OUT 1) HIMGILEIAN (R 22 X AR
* AI <NAME> IN 1 SIZE (FIAI <NAME> OUT 1 SIZE) H THIALHAKEE Ot ZEnpiX
o A LUEE PP A R ai_buffer A, XIFRIFTHERKEHFRG Z A T 2H 2 1925 M

4§, AI <NAME> IN NUM f/AI <NAME> OUT NUM #H/H T 79 0T KRN FII H 195 5 . X L8 1 1
ai network report ZifiE[H (2% ai <name> get info () Ei#l) »
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run()

UM2526 - Rev 1

AU

#include <stdio.h>
#include "network.h"

J+ BURISBIAL NN BG4 R ARG+

static ai handle network = AI HANDLE NULL;

static ai buffer ai input[AI NETWORK IN NUM] = { AI NETWORK IN 1 };
static ai buffer ai output[AI NETWORK OUT NUM] = { AI NETWORK OUT 1 };

int aiRun(const ai float *in data, ai float *out data,
const ai_ul6 batch_size)
{
ai 132 nbatch;

/* WIBRACHIN /it e X AL ERRR Y */

ai input([0].n batches = batch size;

ai input([0].data = AI HANDLE PTR(in data);
ai output[0].n batches = batch size;

ai output[0] .data = AI HANDLE PTR(out data);

nbatch = ai network run(network, &ai input[0], &ai output[0]);
if (nbatch != batch size) {
err = al network get error (network);

/> EHERR x/

}
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Al RGN HIRER

9 Al Zgitge N AR T

Al R GRS FIRL R — A R BBLS IR, 1 BB B ) NN (06 R G T . 3 B 9 L
VR A T . R MBI g
. §EEATAIN CPU M (WiT: ms, CPU M. CPU TR0
. RERAHER (R
FRUHITEA T — R I8, AT I AT
1. STFFIFRLEIEIL COM B M B HHLER AT bl & I3 Bt USB XEBE (4, COM 3 4, 1 ST-
LINK/V2 ThEE)
2. 5 COM H. ¥4l STM32 UART BB —B (B%5 3.2 15 BEEAHIET 4D -
- 115200 JHF5 %
~ 8f
- AR
- EAERR
3. EEIKRM. BN
R AT, A RN (p/P) 2 B R, SRR — AN TG, UL R

%

SEEE G R e 8

[q,0Q] 1B H N R
[r,R] EEE s (NN BUH PG I EEIaa )
[p,P] i
[h,H,?] HAE R
XX SR gk
9.1 R IBATIHE B

43 & 43 F1E] 44 SR T HEMRE —F5, 898 STM32 BT 14 FE B8l Keil®Fl Atollic IDE [HHAT PR
W% ID. RS AiE . 8 0 T K A .

E 43. RGBITRHME B - Keil® IDE
¥ COM7 - Tera Term VT
File Edit Setup Control Window Help

#

# Al system performance measurement 2.8

Compiled with MDK-ARM Keil 5868750

8TM32 Runtime configuration...

Device : DeviD:8x00080449 (STM32F?74xxx> RevID:Bx0800016081
Core Arch. M? — FPU PRESENT and used

HAL version #x01 0820600

system clock 216 HMH=

FLASH conf. ACR=0x00000387 — Prefetch=True ART=True latency=7?
CACHE conf. $1/5D=(True, True

Al Hetwork <Al platform API 1.0.6>...
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B C HEMERER

i 44. RGEATRHE S - Atollic IDE

¥ COM7 - Tera Term VT
File Edit Setup Control Window Help

i

# Al system performance measurement 2.0

Compiled with GCC 6.3.1

STM32 Runtime configuration...

Device : DeviD:8x008088449 <(STH32F74dox? RevlD:8x8000168681
Core fArch. H? — FPU PRESENT and used

HAL version Bx8102 06008

system clock 216 MH=z

FLASH conf. ACR=0x00088307 — Prefetch=True ARI=True latency=7
CACHE conf. $1/5D=CTrue.,.True

Al Hetwork <Al platform API 1.8.8>...

e FEAH G R E XL G, A AT E BRI AEFE# & FAA [ /R]

9.2 IR AT C B p 2545 B

K 45 RIS R R A ) NN R R . DU ERAE T RAMYINAE RN G5, 23 AR S0 AL
HEB) MZHMERE (MACC, RAREFED) o HAMNERS TN A H KB RTEIRE o X EfE R nnEd
ail_<name>_get_info () %3 APl B&EUR FI % 7 o N HI RS P AR R A5 o

E 45. C BRIMEER

Found network “"netl'
Creating the network ‘“netl®..
Network configuration...
Model name netl
Model signature dc582baBbeeBallifdB6bh698h258a4310
Model datetime Sun Dec 9 B8:56:25 2018
Compile datetime Dec 9 2018 89:81:15
Runtime revision {3.3.8>
Tool revision {(rev-> (3.3.8>
Network info...
signature Bx8
nodes ?
complexity 874978 MACC
activation 45572 hytes
weights 794136 hytes
inputs/outputs 171
IN tensor format HWC layout:=90.3,.1 <(s:278 f:Al_BUFFER_FORMAT_FLOAT >
OUT tensor format : HWC layout:=:1,1.6 <¢(s:6 f:Al_BUFFER_FORMAT_FLOAT>
Initializing the network

Found network "net2"

Creating the network “"net2"..

Network canflguratlon...

Model name net2

Model signature b?773£f449281F9d9270d5h982f h57db61f

Model datetime Sun Dec 9 A8:57:12 2618

Compile datetime Dec 9 2818 89:81:15

Runtime revision {3.3.8>

Tool rewvision {rev—> (3.3.8>

Network info...
signature
nodes
complexity
activation
weights
inputs/outputs
IN tensor format HUC layout:49,18.1 <(s:498 f:Al_BUFFER_FORMAT_FLOAT >
OUT tensor format HUC layout:1i. 1 12 (s:12 £:Al _BUFFER_FORMAT_FLOAT >

Initializing the network

Bx8

21

4558024 MACC
64884 hytes
159536 hytes
11

e FE SR FZL G, A AT IR TR & FHRA [ /R]
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WA C HELZATRHERR

9.3 IR A C A IZ AT PERE
WE 46 fE 47 fiw, HEMRE 0 (EES S NENEETHN ARG, BEYLENBIME S, WiiE
HHERE (CPU cycles) & CPU J&i%k. cPU workload M cycles/MACC £x MILEUE . & W],
IRQ 244 B i o
. duration sefg—MHEBEFTF I (ms) .
. CPU cycles i —MEHEFTHE K CPU A%,
«  CPU workload % 1s WAHEH CPU TAEHE.
. cycles/MACC & MACC #1EFTHE 1) CPU %,

& 46. C BEABATH R RE

Running PerfTest on "netl" with random inputs (16 iterations)...

Results for "netl", 16 inferences B216MHz/216MHz {(complexity: 874978 MACC)>
duration 28.847 ms {(average>

CPU cycles 6858169 —-198595-/+29532 C(average,.—/+)

CPU HWorkload 2%

cycles/MACC 6 Caverage for all layers>

used stack 352 hytes

used heap B:0 8:0 (reg:allocated.req:-released> cfg=08

Running PerfTest on "net2" with random inputs (16 iterations)...

Results for "net2", 16 inferences B216MHz/216MHz {(complexity: 4558824 MACC>
duration 158.323 ms {averager

CPU cycles 32469972 -42118/+14518 <(average,.—/+)

CPU HWorkload 15

cycles/-MACC ? Caverage for all layers>

used stack 352 hytes

used heap B8:0 8:0 (reg:allocated.req:-released> cfg=08

B A7 BRI B C BRALBAT I MR

Running PerfTest on “network" with random inputs (16 iterations)...

Results for "network"'”, 16 inferences B8BMHz/8BMHz <(complexity: 3729752 MACC)
duration £569.124 ms {average)
32529988 -134210/+211019 (average,—/+)
%
12 <(average for all layers>
284 hytes
16:29568 16:29568 (reqg:allocated.req:-released> cfg=3

CPU cycles
CPU UWorkload
cycles/MACC
used stack
used heap

FEn “used heap” 2 15 11 G HEE R ] s i) malloc () HAFE RGN (A free () ) o Ky T M HIA
MG, PIAEREIHEACL [ RS EE 8. HATIER T, DAYy 29568 / #iter = ~2 KB.

Caution: Hul, 63T GCC [ M ST ifE %
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Al BAERHFE

10 Al BGE N R

Al Z2 iR IR FE & — A E B RRALRN AR, SCREES 6.2 717 IR 1E S| S rh BTk i s & LIIE. eRet—A R3S, 5
. T UART (20, fEEHLAER T i se BAOHERL APl M AT P A0l i X-CUBE-AI Ul ] .

1. ERESITRRN, EE S 2N AR

HUHAT I A RS R 1) o TP

BEN A BCE AR I AT T L FUGAE ) [ <R2% 25K > 1 LT

By [ F AR RS $2, JTURIIE R . BTy (E ) SLAILET, T RIS P A A KL COM 3 11,
48 flr. I, 2 AT AT COM i LRI ORI STM32 JFAM (i F AL &5 — N IF K
BO

rPonwn

48, #4 RIS N COM ¥ Ok FH2%

Validation on target X

0 Press Ok when the project including the validation application has been compiled and flashed on the target

Use communication port: @ Automatic

T T TT

O Manual

KT [RE EIAE], RASRIREE BIPRE ) FBh . B2 EMERIREE U HEERES (Mt @r) .

10.1 ARG IsATHME R
B 49 R HEME —BA SR T FERAGEE: WH ID. HHHE, HHETRAAME. BARNEIE.
T2t BT A2, 4R TR B A TR HR B Btk DA A F ) AL T LA

[E 49. RGLEITHHE R

MCUs Selection

CH-DEVICE S5TM32 execution ("netl"™, default, 115200)..

<5tm3Zcom id=0xlbfd54ec0f0 - CONNECTED(CCM7,/115200) devid=0x449%/5TM32F74xxx msg=1.0>
0x449/5TH32FT4xxx @T2MHz,/72MHz (FPU is present) lat=2 Core:I5/DS ART: PRFTen ARTen

found necworki(s): ['metcl', 'nec2']

description : '"metl' (90, 3, L)-[7]1->(1, 1, &) macc=874970 rom=T775.52KiB ram=44.S0KiB

tools wersions : rt=(3, 3, 0) tool=(3, 3, 0)/(1, 1, 0) api=(l, 0, 0) "Sat Dec & 23:55:41 2018"

Bunning with inputs=(10, %0, 3, 1)..
....... 1710

10.2 iR A C BEALE AT I 1 BE
50 Fos H AR i S v B AN RGN R R (duration HEERRFIYPATHI D o cycles/
MACC 2 M duration fHH . WEHN, IRQ 2#EEE#-
. duration &g —MEEFTFE KN TE (ms) .
. CPU cycles s&fa—MERLATH K CPU Ji HI%L.
. cycles/MACC & MACC #1EFTHEHI CPU f %L,
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B EBATR R
& 50. C HHRLBATH 4Rk
....... 2541w
....... 10/10
EUN Stats : batches=10 dur=24.266s tfx=21.%57s 0.491KiB /s (wb=10.547KiB,rb=240E)

Results for 10 inference(s) @72/72MHz (macc:874570)
duration : 78.846 m=s (average)
CPU cycles : 5676924 (average)
cycles/MACC : 6.49 (average for all lavers)

10.3 RZIEATH AR
51 Fos HER T —# 3t 7 A R C B PIMINGEE: I C ZHAFAZET (Clayer/id/
desc) . HiHJEE (oshape) PLAHEEEMFIIPATHIE (ns)

E 51, BEER - B LBAE

Inspector report (layer by layer)
signature : EF7C5473
n_nodes HE
num_inferences : 10

Clayer 1id desc ashape s

0 0 10011/ (Merged ConwvZd / Pool) (10, 44, 1, 128) 24.277
1 4 10005/ (Dense) (1o, 1, 1, 128) 53.165
2 4 10008/ (Nonlinearity) (1o, 1, 1, 128) 0.010
3 5 10005/ (Dense) (1o, 1, 1, 128) 1.303
4 5 10008/ (Honlinearity) (1o, 1, 1, 128) 0.010
5 & 10005/ (Dense) (10, 1, 1, &) 0.066
[ [ 10014/ (Softmax) (1o, 1, 1, &) 0.015

78.84& (total)
10.4 H br 30 E (1) B 44 4

K 52 Pros H BRI Ea — B IR AHIIE I R A 45 R . B 5 Rl RIRUERI 25 AL, ER RS s — B R L2 %
Z (ZEH 6.2 71 WiEy %) .

& 52, Hp LBAERR AR
MACC / frame: 874970
RCM size: T775.52 EBytes
RaM size: 44,50 EBytes (Minimum: 44.50 EBytes)
Matching criteria: L2 error < 0,01 on the output tensor

Ref layer & matched with C layer &, error: 0.00108325497

Validation: CKE

10.5 ERZIA IR [P R
{USCHFLLF UART B
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EEEINENR B 4R

. 8 fir
o TAMEIR
o LEHERE
o 115200 BEFR (BRMED
RO EHEGE S, WEREE (%5 3.2 95 WEFRA-Fa s .

10.5.1 HHR: AEEIT R [ TJo e w2 8 TR

%Ti)@%ﬁ%&T?Uﬁk*ﬁ s WA T AL J2il T R RIEFR R EPRE A — 2L XRER T,
WA R TT R

N T REBARERIESEE, RN E ST LmiER G, XaEm— T ASCIIH &, AZE TR
UJAZ) [ HAR EIGE ] 1 R AT R IS

= 53. Al - Mg HE

¥ COMT - Tera Term VT - O X

File Edit Setup Control Window Help

#

Compiled with MDK-ARM Keil 50680758

STM32 Runtime conflguvatlon

Device : DeviD:AxBARBAL49 (STM32F74xxx> RevlD:Bx00061061
Core Arch. : M7 — FPU PRESENT and used

HAL version : BxB1828600

system clock : 72 MH=z

FLASH conf. : ACR=0x00000302 — Prefetch=True ART=True latency=2
CACHE conf. : $1/5D=C(True.True>

Al platform (APl 1.8.8 — RUNTIME 3.3.8>

Found network “neti"
Creating the network "netl..
Network canflguratlun...

Model name tl

Model signature dc582ba96eeSaildeGb698b258a431.

Model datetime Sat Dec 8 23:55:41 2618

Compile datetime Dec B 2018 23:56:59

Runtime revision 3.3.8

Tool revision (rev—-> (3.3.80D

Network info...
nodes
complexity
activation
weights
inputs/outputs
IN tensor format HUC layout:98.3.1 (s:270 f:AI_BUFFER_FORMAT_FLOAT >
OUT tensor format HUWC layout:1.1.6 <s:6 f:=AI_BUFFER_FORMAT_FLOAT >

Initializing the network

2
874978 MACC
45572 hytes
794136 bytes
11

Found network “net2"
Creating the network "net2"..
Ne twork canflguratlun...

Model name t2
Model signature h??3f449281f9d973
Sat Dec 8 23553; ?

Model datetime

Compile datetime Dec 8 2018 2 (5]}

Runtime revision €3.3.8

Tool revision (rev—-> (3.3.8D

Network info...
nodes
complexity
activation
weights
inputs/outputs
IN tensor format HUC layout:49,18.1 <(s:49@8 f:Al_BUFFER_FORMAT_FLOAT >
OUT tensor format HWC layout:1.1,12 {(s:=12 f:AI_BUFFER_FORMAT_FLOAT >

Initializing the network

2018

d5h982f b57db61f
1

21

4556824 MACC
64084 hytes
159536 bytes
11

: At this point,. default ASCII-base terminal should be closed
stm32Zcom—base interface should be used
- Python stm32com module). Protocol version = 1.8

10.5.2 F%: network_name %z‘%#/\ﬁ’iﬂlméﬁ
RORTEERL I R PR B ZRR A AU C iR, FREZIFEMMEE, B3 L U HEESE (b &
1) .
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EEEINENR B 4R

3

10.5.3 R RIS STM32 5 5 C A AL D
Foor B C BRI 4 SHUNBIRA —8. HTREZANSHIT:
. RAM/ROM K/

- MACC
c HRM
« LERAR

ARELZVMELE, WSW U HEERE (b1 Ea .
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UM2526
Al BRI P

11 Al B4R N FH R T

BEIEN, AZEK IDE W H AR EIE 521 Al AN T2 . aiSystemPerformance.h il
aiSystemPerformance.c SCHE MU TILE M. NAEREFE S (3% 7.3 11 £ ALTFa 30, DUt
LR 2 M API FEEAA B A UART AFR RIS AHESE . X o] DURE@EIE AR L & (init Ml process B
HO FFRAVEH AR T 8 A
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SRR TR E RE%

12 SRR S TRRRUE TR

X-CUBE-Al W#Z H R FFLLT DL TR A4H:

. Keras: //keras.io/

. Lasagne: //lasagne.readthedocs.io/en/latest/

. Caffe: //caffe.berkeleyvision.org/

. ConvNetJs: //cs.stanford.edu/people/karpathy/convnetjs/

TR LRA, WRIEpLs C APl R L R ) LA & LRARWAT S, (ORI W B EMES N A T4,

LUR B VAR AR THRA K A TR T RSO SR (R T ARG A8 ULRRFHFNEE (2
HO JTHSCRFIBCE . RN B 2 AR SRR DI RE

12.1 Keras
7 Keras 11, X-CUBE-AI FI| B i i 5 )5 4 & HE 7 3 #F TensorFlow ™ J5 3.  Keras 3 Keras 2.0 & 2.2.4 g, {H2
Keras 1.x H1 & SCHI M 48 R 3R1FIE R FF o
AT SR PR FNAS [ 75 2 s 2 «
o EEEEAABE (h5.hdf6) A
o RO B E A E . XFPEOL T, A HDFS SCHE (LS. hdf5) AT E A SO JSON
(json) o YAML Cyml. .yaml) AR E .
LRSS ERUB DR
«  Conv2D, ConviD: #MR)=; I TE x BlII—ATEl— 2 4 LI — 4G . SR JE T
—  padding: “SAME’F1“VALID”3
—  kemel_size: {ERILIEFBRZ RN, HE/NFHINKN
- stride: {EELZIE, RENTHANKN
- filters: HiHiEE L
—  use_bias: WIHRBNE, WA HwWZ
«  DepthwiseConv2D: WEHEMZ: 5 4Ef (Conv2D) FHRINJENE, FEMJE M-
—  depth_multiplier: FHEALAEERG B shHEN S AEE B0 .
+  SeparableConv2D: A #A WZENIRESR LK 1x1 B . L FF DepthwiseConv2D Fi Conv2D gk .
. li\zllal)léPooling1D\ MaxPooling2D: f Kilifb)Z; HIITE x LIRIN—AT 80— BI04 5 SCRF—4ERRAS . SCRFE M
ke
—  padding: “SAME’FI“VALID™Ws
- pool_size: EEIMAK/, RE/NFHIANK/AN
- strides: LRI, RE/NTHANKAN
+  AveragePooling1D. AveragePooling2D: “F¥Jithib/Z2; JEMS&AHLZHIM .
. GlobalMaxPooling1D. GlobalMaxPooling2D. GlobalAveragePooling1D. GlobalAveragePooling2D: 4:J&
TR Hitk 2, @it pool_size F strides 3 B N E N K /INMRAE S .
«  Dense: fi% (&&EH:) 2. CREAEENT:
- units: HHRFIERL
—  use_bias: WIRB N, WA H w2
«  Activation: FELLIHINEE, IBLEME A Conv2D. DepthwiseConv2D. SeparableConv2D 5§ Dense [t— 55>
IS . SCRER B MR
—  nonlinearity: FELRYEBUH AL LHLUN K%L linear. relu. relu6. softmax. tanh.
sigmoid Ml hard sigmoid
+  BatchNormalization: #tIH—Z. SCREEMEMD T :
- axis: PATIEH—ALIEINLERE . CSCRERE R GEIE) M —1k.
«  Permute: #EEERFEEE. (SR =4EKE . SRFREMEM T
- dims: FUERIANYER R BArEE, SOEH T AR .
«  Flatten: M\ GE By — A A B Rk 2205
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Lasagne

*  Reshape: SUEHINSKERTEAR, EAKE TGRSR RFHEEWT:
—  shape: H#nEAR. RS (-1 FLRFRMFE (0) A

«  ZeroPadding1D. ZeroPadding2D: # #)2, {ZHHENIGEE ConviD or Conv2D JZ(H—#4r . CRFIMEME
wmr:

—  padding: ¥ RAETIFR, SZRESFRREHENFRY 7
¢ LSTM: KEMIAIZZE. CRIJEIEQT .
—  units: cell/B&E T8
—  activation: a2 5 E WS, SCRFAGAE
—  recurrent_activation: FiEZ BRI ME: CHFLL T %L linear. relu. tanh. sigmoid I
hard _sigmoid
—  return_sequences: WIRBA“E”, TR E G REBUIRAS, ARG Bl 5 —A
—  use_bias: WIFBE N, WA w2
¢ GRU: MBMEHHICE: SKHFTA LSTM JEIEIHIN S HE:
—  reset_after: {{ GRU; FHBSHAE AN KRS CuDNN 2. (UEH T Keras 2.1.0 FIFE mhiA .
o Input: MBI IE SARE, B A3
+  Dropout: ZHIZRZ, HEH 205,

12.2 Lasagne

Lasagne #%F Theano T4 . T2 FREZ I EHH P AT E TR 2 —. Theano $RAb{H FH B #A4E
Fr, (HZHTHERERE, 3 Lasagne, FAJUATIH#EHE. (CRF GitHub E#iA (0.2-dev) , AL
Rk E pip FIfaE 0.1 AR .

12.2.1 A% 5
Lasagne 7% F T 5 So % a0, ER T LU NUMPY (.npz) SCHHEFERIINERALE . 0T ML 454, |
T HMAEE MR )T Python ™5k
AL AR S i T
+  INPUT: ]y Theano ik & 1) R £ 5N o
«  INPUT_SHAPE: fiNTKEMIEAR: 55— YRR H 4 2
«  network: HEMZHIRE: ZBRAKANSEAE UL EF T INPUT 228 — 5.
WA e SOt EE NUMPY 4 b AU SRR —5, gk 2R
FEHOR BT«

NS

INPUT = T.tensord ('inputs')
INPUT SHAPE = (None, 1, 60, 63)

def network (input var):
net InputlLayer (input var=input var, ..)
net Conv2DLayer (net, ..)

return net

12.2.2 JE3CHF

RS E A B R

+  Conv2DLayer: G2, (LR 4G SCRMEMEW T
- pad: {UZFRIRL CEESIR 7
- filter_size: ERIEMEFZELRN, RE/NFHANKN
—  stride: fERPHR, RE/NTHANKAD
—  num_filters: %tiiEiE %
—  use_bias: WAL, WA %
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Caffe

*  MaxPool2DLayer: FRibi)Z. (SR 4. CRFEMEWTT
pad: {CFFIIRE CBEEIR) 77
filter_size: TRILIEIGHUZAN, HE/NFHNKAN
stride: IR, RE/NTHIANKA
—  ignore_border: IRV N E”, MIFETHE 4 IR 20038 3t A0 DX
«  AvgPool2DLayer: “F#ibib)z, @S RRBAZME .
+  GlobalPoolLayer: fil#% & pool size Fl strides i\ JZ K/ 4 R KA B3t AL )2
«  Dense: % (&R BE. FEMEMENT:
—  num_units: i ThAES
—  use_bias: WIFB N, WA w2
+  NonlinearityLayer: FEZPEEGH)E, E4E1E N Conv2D 1 Dense &80 I iifd . SRR @ L .
—  nonlinearity: AELEYEBGERAL, TRFLLUN RS identity. linear. rectify. softmax. tanh 1 sigmoid.
«  BatchNormLayer: fit/H—4M)Z. ZFHEHEWT:
- axes: PATIEH—ALIBINLERE . CFHEE A1k,
+  LocalResponseNormalization2DLayer: @3 P AN T —40)Z . SCRERIE M R :
-~ alpha, k, beta, n: 11—{LZ XA SHL
*  Reshapelayer: SBHINKERIER, AARSCEOREE. CRFNBELT:
—  Shape: HinBAR. @ECFHEE -1 {H.
«  DimshuffleLayer: 4EfHEZE; ZFFFIBHELT:
- pattern: HUEHNLET I HRERT, O0&H T AL B4R .
«  InputLayer: HT WM& NRIRE SR, Hn &5
«  DropoutLayer: ZiI%)Z, #5425

12.3 Caffe

X-CUBE-AIl {3 R EA LT ZH) 1.0 BI7hi Caffe:

«  Convolution: HMZ. CRERIBHELT:
- pad: EEYRME, RE/NFEERERZRN
- kernel_size: {TEIIIEIFGRUZRA, RE/NFHNKD
- stride: EEBIE, RENFHAKN
—  num_output: i EIERT
—  group: HH R TIREA K (i AlexNet Z244)
—  bias_term: WHREAE", VIZHEH W2

+  Pooling: b2, SCREMHMWT:
- pool_size: AEREIBK/A, RE/NTHIA K/
-  stride: EEFME, RE/NTHAKN
- pad: TRy RAE, RENTHERE RN
—  pool_function: FT LI RE. T MAX (RKifb) Al AVE G .

—  Global_pooling: WIEB N, WHEH £ Ribth; Bl kernel_size 1 stride ¥ & N )Z Wik N K /NS
o

«  InnerProduct: #{% (WD 2. ZFEREHEWT:
—  num_units: i 6EE
—  use_bias: WIHBNE, WA H 2
*  RelLU: RelLU FF&MEE. KR @tEan T -
—  negative_slope: it x iR ReLU
+  Softmax: softmax JEZEVEIEIEZ. KRBT :
- axis: THH softmax FIHI AN4ERE . ASZRR@EERNIE—1.
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ConvNetJs

«  Scale: HEHY RE, AMFAHEIMIE—LE . SCFFNEED T
-  axes: B RMYEFELE
—  use_bias: WHRENE", A HRE

*  LRN: KHumppRIE—102, OCFRBEENE—. SRR
—  alpha, k, beta, local_size: A—{LER NS HL
- region: VA—ALIXIRIETY . AN SRE LB

«  Flatten: B4 NGEZFARA— AR WU ONRRR HE20E . SCRE R IR
—  axis, end_axis: TFE A H G

«  Reshape: UUEHIANKERIZR, ERSCETRERE. CFRFWBIEWT.
—  Shape: HiRIEIR. ESZHERFFHF () H.

o Input: FHFMEEHE NI IE AR, Bt £

«  Dropout: 4liilllZ)2, Bk 2%

12.4 ConvNetds
ConvNetJs #&5 A\ 3| JavaScript FF 1) DL T E A8, LLFZESCE nom 0.3 filt:
o conv: _ZEBFZ. KEFMEMEL T
- sx,sy: IR SRHMERME, RENTHANKAN.
- stride: EEDIE, RE/NTHNKN
- pad: EEYAME, RENTFEERN
e pool: FAMALZE. STHREMEMT:
- sx, sy: WK/ CRAMERE, RTDNTHIAK D,
stride: ATELIE, REZ/NTHINKN
- pad: EEYARME, RENFEIERLKN
o fo: BB (AR B FFWIEMZE. KRR
—  out_depth: 4 HERL
+  relu. softmax. sigmoid. tanh: FRZEIEIHIEE: softmax (& FH T B E 4% o
o input: FITMISEEINIRTIE SALRF, R E 5
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SR

X-CUBE-AIl P A% AL B3 P AN [F] (K148 1R 4 HeAR 5 20 FH P -
o MBS AR R TR SO R R BUR T

o OB PR SCA AR B O A AT

o JORCEIT: A A Ay AT H D IR UL R

o ORI BUDARIRA AT RE S A B ThE

o TR THIMSTEE R R

o BRI BAMEIR, FTRERINIF

13.1 JIE3 KRN

I AL AR IR SO RN B R (Bl B E M, s e A e, thah, DU
I
*  “Unable to build the network library.”: T 4a 4R FEIRUERM Bk, M C FEATTH .

13.2 ToRE Y
A ERINE NN B SCEE, gia e hie . 4B LN DL TS, 2GRN,

13.21 Lasagne
«  “Couldn’t load Lasagne model , error: ”: JN#k A SRS ) Python ™SS 4t i 8 rp (& PRAIEE 15
H

JCN o

*  “Wrong parameters: , error: ”: f&HINSEGRRANR; W EIRM 7 HERIER .

13.2.2 Keras
. “Model saved with Keras “V1” but <= “V2” is supported”: 11k Keras fEAERAY, A REAR IERAMRNT: KL
FE k%K.
. “Model configuration is not a text file: ”, “Unknown format for model configuration file: ”, “Model file is not a

HDF5 file: ”: AR B AL BB R I SO, B B H 3
«  “Couldn’t load Keras model | model configuration | weight , error: ”: B SO AR fdraliR, RS T HEL 3
EE, WIRIRAILE(E

13.2.3 Caffe
. “Not a Caffe model file: ”: W 4% 45 ¥4 STAFAS /&2 — AN 3K 1. prototxt SCAY:

«  “Invalid file or using the wrong Caffe version: , error: ”: fithfr.prototxt SCAERS 4, R TE 20 8mk # A 1R )
Wk, BN, BT Caffe JRAANF Bk & .

13.24 ConvNetJs
. “ConvNetJs model is not a valid JSON file , error: ”: A& 3 I SCAF AR A %0 JSON A H IS
#H.

. “Invalid ConvNetJs model: ”: FREA T T ConvNetds NN HI45H4

13.3 JC I
WG AR B BRI By AT B O, iR AR AR
. “unrecognized network type: ”: X FRFFE R 1 245 BN T B SRR BV LA .

13.4 ARSI
% TH H AT R DL TR FA IR — A T, mBSBF 8 AR IS IhE, H2R A R
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TARHR

*  “Unsupported layer type: ”: BHRTAZRZRME TRARHEG, TIEMITXZ.

s “Unsupported wrapper: ”: N F4AT2EERS U2 .

«  “TimeDistributed non supported on shape ”: R & K &4t )24 S #F TimeDistributed fl254%, 75 Nk
A AR

«  “scale / bias are supported only on the input channel; used”: 4" J& 0w %= J2 5 2 H AT A3 BT & 41 .

«  “Unsupported cOde generation for layer ”: A3 HE M EH) C A0,

s ‘“unsupported nonlinearity: ”: B AN B FFIX A AR LR PEERY

«  ‘unsupported pool function: ”: AR AI B REIX AL SR H AT AL average T max.

«  ‘unsupported pool padding strategy: ”: NI LA R A E Y 787 534704k s SRR 7.

*  “Unsupported LRN region type: ”: SFF AR A —4k, AN ZREESIEIE IR —4b; 25—k o 7= Az s
PR

*  “RNN nonlinearity not supported: ”: L4 N A RFIX Fh AR L PR R,

«  “only 4b or 8b elements supported for compression, found ”: X ALBE 4 fr8F 8 AT R MIES: HAt TR K

e I IR

“Network type cannot be validated: ”: 1t 1. ELRRE H ShGUFIX Fh 45 287,

13.4.1 Keras
«  “Unsupported Keras backend: ”: F Hi1¥ 374 TensorFlow ™ J&ifi: o T4 I oAy i R A7Z BORE Y, 5223 [ml
IEES R

«  “Pad type not supported: ”: Keras H1ASSZ FFix fhy 70 SR 2570,
«  “RNN ‘go_backwards | return_state’ argument not supported”: & 2 A7 /N S 73 A4S 36 151

13.4.2 Caffe

. “Running statistics in Caffe BatchNorm are not supported.”: %)= 1IEAE(E FHAT IR EL TG E E,
{HRZ AR

13.5 T H AR

WERAFFE X RG BB G R, At B ks, B, WERARSCIESR, B fEF e NN I8 2 AR
Bl RRREIERT R WERAT P IR B IR, XA AT R AT AR AL IR -

13.6 R ER R
4 PRSP RO, AR A LR, SRR DL T A AR SRR 45 . TR SRR I R 5 40
Fi
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FAQ

3

14 FAQ

14.1 H & SCEH F 12
ST AR R, 5 ERRR B PTE R O WAEEEL 110 B B

C:\Users\<username>\.stm32cubemx\ai_stm32_msg.log

USRI UE B O R R I, BRI AR B AR A ST

C:\Users\<username>\.stm32cubemx\STM32CubeMX. log

14.2 5 T B0H B SO AS L2

MTRAEILRE (B9 6.2 15 S5 9 T LURGEEHIBUBIEICR BEBLA KO (PIRMIL T #8 2 it 57 L2 iy
W) o BURSCHEAE A osv HRMINHSCR A, ST — R TR . KA SRR BT 5%
HERMTT k. Bhid 447

# X RERAT

-1.0760075, 6.2789803, 3.9499009, ... , 9.112013, 0.08172209

-1.920469, 7.8589406, 1.3075534, ... , 14.818938, -1.8387469

1.719910651445388794e-03,1.286244078073650599e-04, ... ,9.708247184753417969%9e-01
Hn KM numpy . genfromtxt () Python™ &4t - 144047

54, il BEIL RS

Show graph

Validation from: |[Random numbers

Random numbers
Custom data._.

“alidate on desktop

"
—

14.3 % W 2% R 4h1] 2

B T RAM RN VRSN, AR 2 AN B0E SLPrbR . B NRIZHA H O ai_<name> Xxx () HEBRESES
(Z%E5 8 17 iR NaUHEEL % 7 0 APD o section). JIRAE 2 A4 2 [AISEERGE A B, LANER. ARLVFHEL
(ZHH 7.5 EANMLRLZEEZFIO .

14.4 TEEGPESCE arm_dot_prod _f32.c
M E LAY IDE W H U, arm_dot_prod_£32.c 4% ] fE 4 e
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fEFREERR: ERARER R

compiling arm dot prod f32.c...

../Drivers/CMSIS/Include/arm math.h(314): error: #35:

#error directive: "Define according the used Cortex core ARM MATH CM7, ARM MATH CM4,

ARM MATH CM3, ARM MATH CMOPLUS or ARM MATH CMO"

#error "Define according the used Cortex core ARM MATH CM7, ARM MATH CM4, ARM MATH CM3,
ARM MATH CMOPLUS or ARM MATH CMO"

../Drivers/CMSIS/DSP Lib/Source/BasicMathFunctions/arm dot prod f32.c: 0 warnings, 1 error

A5 H bR STM32 B, WAUELTH W& T HH E L LU C & X+
ARM MATH CM7, FPU PRESENT=1

14.5 A iRk : DA s AN SRy
% F SR AR L LR EDTRA TSR 1R SR R Mirdes.

3. KRR

GCC SW4STM32

IAR™ 8.X i1 7.x
MDK-ARM e sz S5 .

B FeEar SR VIN
/* Qfile: aiSystemPerformance.c */

#if defined( GNUC_ )

#define APP STACK MONITOR 1
#define APP HEAP_MONITOR_ 1
#elif defined (_ ICCARM )
#define APP STACK MONITOR 1
#define APP HEAP MONITOR 0
#else

#define APP_STACK MONITOR 0
#define APP HEAP MONITOR 0
#endif

14.6 N4 “used heap ™ iG#& NZE?
GERFH#F GCC Wi A :

used heap : 0:0 0:0 (reg:allocated,req:released) cfg=0
KRR EE RA— ARG M. KZH network_runtime.a FEHFE T T/ FCH) RIW 2 X 7 R GBS ZEMIX) o X T
—LREEE (IR ERAD , MR Z 2 RIEN malloc () MEEIA /) FLiX L TAEG P IX i) —i 4 .

e AR 28 T L BB e b, RTFEE RS malloc () Al free () B ZEHXMELE, WATERE RS T’
B-Wl,--wrap=malloc -Wl,--wrap=free HABEEEEASIET, WP 55 A,
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#T GCC W B ik RALE RBONE
| 55. J5 Pl HENE 1525 O BE BRI T
E Properties for nucleo_f746zg_test_api320 O X

|type filter text

> Resource
Builders
v C/C++ Build
Build Variables
Environment
Logging
Settings
Tool Chain Editor
» C/C++ General
CMSIS-5VD Settings
Project References
Refactoring History
Review
Run/Debug Settings

Settings

Configuration: . Debug [ Active ]

P )
~ | | Manage Configurations... |

) Tool Settings & Build Steps " Build Artifact [u} Binary Parsers @ Error Parsers R

(2 General
> B Assembler
> B C Compiler
v B CLinker
(5 Target
(%3 General
(22 Libraries

Other options | -u _printf_float -Wl,--wrap=mallec -Wl,--wrap=free |

PEELE

Additional object files

(5 Optimization

@ Miscellaneous
v B Other

¥3 Reports

» Task Repository
WikiText

14.7 FHTF GCC By H H #ks Ab iF S E O =
T U RALVT R, DGR N DA T BB

-u printf float

14.8 CPU JHI/MACC
%% 3 4.4.1 %5 CPU JIMIMACC 1% 9 5 Al REHHERER IR T

14.9 REHVEEHBACE TIMER IP?

BATLE, R HEFI R CPU AR HLEIFI A L 111 Arm® Cortex®-M W70 (DWT: i 4 o AR s o
J8) s FrAASCRRN STM32 Bt EIRCAZH 0. ERM il CPU I8 (HCLK R B AR K B this 17114k
o

1410 AR R AR BRI H o R BT A NN EE?

g STM32CubeMX #1148 F (/* USER CODE BEGIN*/, /*... END*/FRic) B84 S H R AR BRI SC2E,
M4 fai s, W] BLBE BT <7 H & Ff>.ioc SCAF, FA%HT NN Hi% 3-8 57 IDE TiH .

14.11 AR LT H NN 22 THE3 T STM32CubeMX (13 H ?
(EES I E NN
. i;ﬁﬁ%wmmmwNN%%IEﬁ@w,ﬁmﬁﬁcu<§%ﬁ1mm%>,%u&ﬁﬁ%%WEﬁ%
R
. HH S H NN AT W8 8 ORI 7 B S S0fRded (S350 7 795 A STM32 NN ), BTbLliz Al
TR 58 A A ) B H bR IE FIJEAAD A
1. AH ) STM32 MCU ¥ #-filt — AN it g 40 STM32CubeMX T H .
2. HEMATHP THESEDE (W IDE T H . X — B ERIBIMIEH ) network_runtime.a J&, ZFERRT TR
F1 Arm®-Cortex®-M 4244
3. KRR AL TSRS R H 0 PEARAD A
4. ¥ network.c and network_data.c f SC{-F1 network_runtime.a JERINB RS0, M IFH T C/IC++4 %2
FUEEBEARIE T, QU2 7 7 AR STM32 NN JERTAE .
5. GREIFEE 1D, EEHIEIPAEES NN B,
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AardATED?

14.12 mATHEA?
MR A X-CUBE-AIl &% & CLI.
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2%

1 NUCLEO-F746ZG JF k& www.st.com/en/product/nucleo-f746zg
[2] i& AT STM32 v9.0.1 1 Atollic TrueSTUDIO® | atollic.com/truestudio

[3] Q%E;ﬂbedded Workbench™ IDE - ARM va.x www.iar.com/iar-embedded-workbench
[41 pVision® V5.25.2.0 - Keil® MDK-ARM &l iz www.keil.com

[5] STM32CubeMX - HIUEAARAL A5 il 2% www.st.com/en/product/stm32cubemx

System Workbench for STM32

[6] (SW4STM32) www.st.com/en/product/sw4stm32
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A%
H3

1 BT . 2

1.1 STM32CuUbe ™t AT o 2

1.2 X-CUBE-AIl Ifi%h 78 STM32CuUbe™? . ... . e 2

1.3 X-CUBE-Al IR G B L e e e 2

1.4 STMB2CUBeMX B ..ottt e 4

1.5 G AMETERITE X . o 4

1.6 R IE 5

I A - 5

2 BB X-CUBE-Al .. 6

3 A STMB2 AL T H . oo 8

34 MCU RIS . 8

3.2 R T B . 10

3.21 WMELEE CPU ARG . ... 11

3.2.2 BB MCU T8 T R - o o oottt 12

3.23 CRC 13

4 X-CUBE-AI B B 0 . oot e e e 14

410 I X-CUBE-Al L 14

4.2 A X-CUBE-AI Lt 14

4.3 AT DL A S 15

A4 (S AR 17

4410 CPUJRAMIMACC. . ... 18

4.4.2 AR C AT IR 18

4.5 BRI C B 18

4.6 NI DL A 20

5 R R 21

54 ERIDE T . 22

5.2 KR 23

6 X-CUBE-Al N R . e 24

6.1 RIS 24
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B3
6.2 B ET I 25

7 AR STMB2 NN i L 27
TA R 27

7.2 PRI 28

7.3 R AL A . 29

T4 I APL. . o 30

7.5 BN TR . . 30

7.6 AR R B R T I . o 31

7.7 R T T . 31

8 AR i AP L 32
8.1 BRI x-DIKEAT R . .o 32
8.1.1 L L 32

8.1.2 K 32

8.1.3 T . L 33

8.2 CTEATE () [ AESTEIOV () t v vttt et e et e et e e e e e e e e 33

8.3 e ETTOT ()t ettt et e e e e e e 34

8.4 GEE ANTFO () v vt vt e e et e e e e e e e e e e e e e e 34

8.5 o T 35

8.6 O 36

9 Al RGN R - oo 38
9.1 RGBT S 38

9.2 AT CR R R 5 I o 39

9.3 AR CRUALB T ERE . 40

10 Al N R T o 41
100 RGBT R 41
10.2 AT C B B T I R 41
10.3 B EIBATI R 42
10.4 BRI R R 42
10.5 IR B . 42
10.5.1  BEUR: BAERMITRIR. B CREREFEERITRR ... 43

10.5.2  H5i%: network name ASBE—MNMERMLE . 43
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B3

10.5.3 iR MRARSTM32 B CRIAUAILH ... 44

T AL N T R .o 45
12 SRR ) L i IR ) 46
12 KEIAS . 46

12,2 LaSAgNE . ..ot 47
12,20 BRI 47

12,22 R 47

12,3 Caffe . o 48

12.4  ConVNeEJS . ..o 49

BT - L 50
130 A 50

13,2 R 50
1321 LASAgNe . . oo 50

130202 KBIAS o vt 50

13,23 Caffe. ... 50

13.2.4  ConVNeEtS . ... e 50

13.3 BRI . 50

13,4 R L 50
1340 KeIaAS o oo 51

1342 Caffe. ... 51

13,5 LA 51

13,6 I 51

T4 FAQ e 52
1440 BB TR 52

14.2 IR R I 52

14.3 BRI 2 52

14.4  TEIEIRTESCME arm_dot_prod_F32.C. ... .o 52

14.5 ARSI OO A S . 53
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