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TinyEngine™, CCSTUDIO™, C7™, Code Composer Studio™, EnergyTrace™, and E2E™ are trademarks of Texas

Instruments.

Arm® and Cortex® are registered trademarks of Arm Limited.
PyTorch® is a registered trademark of Linux Foundation.
Linux® is a registered trademark of Linus Torvalds.
Windows® is a registered trademark of Microsoft Corporation.
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Linux® / macOS

export ARM_CGT_PATH=/path/to/ARM-CGT

export PATH=$ARM_CGT_PATH/bin:$PATH

export TIARMCLANG_OPTIONS_M0="-0s -mcpu=cortex-mOplus -march=thumbvém -mtune=cortex-mOplus -mthumb
-mfloat-abi=soft -I. -Wno-return-type"

tvmc compile --target="c, ti-npu type=soft" --target-c-mcpu=cortex-mOplus ./model.onnx -o
artifacts_m0/mod.a --cross-compiler="tiarmclang" --cross-compiler-options="$TIARMCLANG_OPTIONS_MOQ"

Windows® Git BASH

export ARM_CGT_PATH="\path\to\ARM-CGT" # e.g. "C:\\ti\\ti-cgt-armilvm_4.0.3.LTS"

export PATH=$ARM_CGT_PATH\\bin:$PATH

export TIARMCLANG_OPTIONS_MO0="-0s -mcpu=cortex-mOplus -march=thumbvém -mtune=cortex-mOplus -mthumb
-mfloat-abi=soft -I. -Wno-return-type"

tvmc compile --target="c, ti-npu type=soft" --target-c-mcpu=cortex-mOplus ./model.onnx -o
artifacts_m0/mod.a --cross-compiler="tiarmclang" --cross-compiler-options="$TIARMCLANG_OPTIONS_MO"

Windows PowerShell

$env:ARM_CGT_PATH="\path\to\ARM-CGT" #e.g. "C:\\ti\\t7-cgt-
armllvm_4.0.3.LTS"$env:PATH=$env:ARM_CGT_PATH + "\bin;" + $env:PATH $env:TIARMCLANG_OPTIONS_MO="-0s
-mcpu=cortex-mOplus -march=thumbvém -mtune=cortex-mOplus -mthumb -mfloat-abi=soft -I. -Wno-return-

type"

tvmc compile --target="c, ti-npu type=soft" --target-c-mcpu=cortex-mOplus .\model.onnx -o
artifacts_m0/mod.a --cross-compiler="tiarmclang" --cross-compiler-
options="$env: TIARMCLANG_OPTIONS_MO"

AR AT R kR (B, SUER C ARSI ), WIAT 2 ARM Clang % 4% . 7T LRI fir &
A S G s S HL

MFHEZEE , ESHREH T MCU 1 T AE M 2 45 4 FH - F e
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, & Edge Al Studio for Time Series \ Options

Create A New Project

My Workspace: Time Series

My Projects (7) Example Project Library (38)

Q All Tasks - All Families  ~ All Devices  ~

Project Name Task Supported Devices Action

F280013 F280015 F28003
F28004 F2837 F28P55
F28P65 MSPM0G3507
MSPMO0G3519
MSPMO0G5187 .
MSPM33C32 F29H85 .
AM13E2 AM263

AC Arc Fault Classification Example collected on Tl Testbed ARC Fault

F280013 F280015 F28003

F28004 F2837 F28P55

F28P65 MSPM0G3507 -
25 -

Rows per page: 1-250f 38 < > .

New Project

New Project

Task Selection

Sensor Selection

Task Selection

What's New inv1.7.0

CCStudio™ Edge Al Studio f

eLJRdle Somposer

Anomaly Detection task support
Goodness of Fit for dataset analysis
New training reports:
o One vs Rest Multiclass ROC
o Histogram Class Score
Differences
o PCE on Feature Extracted
Clusters
o Distribution of Reconstructed
Error
Added new applications/example  ~

|

Select Your Task Select Your Sensor

Generic Sensor:
® sh Time Series Classification
Categorize data into predefined classes (e.g., good/bad). E
) . . Generic Sensor
0 V&4 Time Series Regression
Predict a continuous numerical value from sensor data.

Specific Sensors

|» Time Series Anomaly Detection
O y

Identify unusual patterns or outliers in time-series data

/

(1 (4 o o
[ Pe- | [ e |

Task Selection Sensor Selecnon

New Project

Data Format D

Task Selection Sensor Selection  Data Format Definition Review
Review & Create Project

Choos at Method

I @ Use Format Preview

Data Format
Standard (Time, Sensor Data...) ~

Standard (Time, Sensor Data...

O Upload Existing Data File
Project Name: [ Time Series Classification #1]

Al Task Type: Time Series Classification

Selected Sensor: Generic Sensor

Data Format: time, Axis 1 Multi-Sensor (Sensor Data only)

Click "Finish" to create project.
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o AFEBARESIN ¢ R bRAE AL X e AR AT v
o FEAMSEE - RG0SR Z A AL LF 2 RT3 H BRI

LRIRBA RG], T Search Dhfgilid Kot v EARKFETH . REVS , 18 Import LA P %00 H BN
FE BN Workspace 1, VASLRIEEAT TR AT

& Edge Al Studio for Time Series \ Options

My Workspace: Time Series

My Projects (7) Example Project Library (1) What's New in v1.7.0

Q timeseries classification All Tasks ~ | AllFamilies v  AllDevices + sm. CCStudio™ Edge Al Studio f
Code Composer

Project Name 1 Task Supported Devices Action

F280013 F280015 F28003 F28004 F2837 F28P55
. < " . . . F28P65 MSPM0G3507 MSPM0G3519
Timeseries Classification 5:?: Time Series Classification MSPMOG5187 MSPM33C32 F20H85 F29P58
F29P32 AM263 AM263P AM261 AM13E2 « Anomaly Detection task support
« Goodness of Fit for dataset analysis
« New training reports:
o One vs Rest Multiclass ROC
o Histogram Class Score
Differences
o PCE on Feature Extracted
Clusters
o Distribution of Reconstructed
Error
Rows per page: 25 « 1-10f1 < > ¢ Added new applications/example ~ ~

& 4-2. {§f] Edge Al Studio S AZ%15 H

4.2 HERE

A AE TR & (MCU) SRAE SEi 1% /848 £t LS AE Edge Al Studio Hh e B IX Seidls LLiEAT Al BT R
LR .

B A PSRRI AR 2 2 TARRAR

o SERTEEERIR ¢ L CAERAERH S AR B P R (510 TIDA-010997 ) &£z TI MCU ( #11 LP-
MSPM0G5187 ) » RGEGHr LA GUIIBE X , TEIEAT I 3 I AL H S i A& 2 8

o BB B A LS A IARRE T S SR TR R B AR . A R SN R VRGN R A B
4.3,

4.21 R E
N T SRBTEEEHEE R AR R IR L BRI | DR DU I AR B H AR R AR A R
1. BATA : 77F Code Composer Studio (CCS) }: M LL T SDK HxSATIH .
... \ti\mspmO_sdk_<SDK_version>\examples\nortos\LP_MSPM0G5187\edgeAI\tida_010997_data_capture
2. MEBENRSG : 90 B IR AR RO sk d) SO S 2 LP-MSPMO0G5187 H xR .

#iE
BAFH BT EES B AU S B RCE LR , AR i s E

FEGENLIEFL AT, TR B RN LN o R R B E

1. FEMEIIE (SysConfig) : 7 CCS T H th#]JF SysConfig T.H , JFEE UART Bl B Bl rh CLgm e ik fr %
2. Edge Al Studio % & :
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a. $Mi% Options LTk
b. %+t Select Port LLiR 541 Ficss MCU 145 2% COM it [
c. WH Baud Rate , LAULHit SysConfig T. Bt S5 iF HI1H

ZHFEP G |, ERE UL PR E SRR

1. Sfi%E Capture LTk

2. i%&# Connect To Device

3. EEISUEA T ITIRESEE B "Hardware connected” IRAS RN 1% 122

rrrrr

Project
Files

> classes Gettin © oisa

> files

[ check the Port number in Computer Management

& 4-3. K f{4iEH2] Edge Al Studio

4.2.2 fHFBER

Edge Al Studio ') Data Capture Fti#2fit | —®ETH |,  TH B AL A BB RESH . 12T EX
R 2 L A 10 | TIDA-010997 PPANAREREE L T 2 AN =i M ReAR IS |, A04E ¢
L

- A ARREE SRR PIR /&3 (IRA-S210ST01 + IML-0685)

- RINFE 6 Hhna A AR4L (BMI270)

- TR EEZME 3D ERANAL KA (TMAG5170)
*  Environment :

- B E AR AL & (HDC3020)

- IR, R ERED LIRS (OPT4001)

- TR LIRS (BMI384)
o HHI

- B 128 Fir R 1 22 58 X (1CS-43434)

- EEMEE . ZE NS X (1CS-40740)

R R, P TR E UL R S5, ULROEA Fr BT SR S s -

o BARIRAE L VBRI B E SR IRAT |, R IR T BB AL, DA R R
o REATHEC - € UM R 2 1 P B AR IR
© FHERIAING O B S 3R 0 (0 R AN A ol S0 R P S PR O TR] AT S BR8P S 1 [ 20 A i

KESERE , FH P CLE SAT R DL AL E REF SR 5454 © Project Files — files.
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& Edge Al Studio for Time Series ‘ Options Project: Timeseries Classification _ [0 X .
Capture Properties 3-axis Accelerometer v
. . . Humidity
. y . 3 = .
Project Files B A GettingStarted  Capture  Annotation  Training Repo > [0 & = Capture Properties 7
Pressure
> classes Stop Capture Light
vifiles e L, — Sensor: ( Digital Microphone
vibration_1790668319392.csv 4000) L —vy
. 3-axis Accelerometer v Analog
vibration_1790668326318.csv
vibration_1790668333230.csv 3000) Label Descrintic Magnetic Sensor
vibration_1790668340155.csv
g normal
vibration_1790668347069.csv 2 2000)
S 3-axis Gyroscop
1000| - 512
Wait Time Be A
q ¢ ‘ N
; 1
o 100 200 300 400
. Number Of C \ Nombe .
L 5
Training Runs Q +New Run
Name Time/Date ¥ Progress Accuracy Model Device
GD ~ Hardware connected.

F 4-4. FHIRA THEME
A3 HHEIAN
AT HATEREERZ , HP A LA PC AT EESE | W& 4-5 F R,

Options

& Edge Al Studio for Time Series

Project: Timeseries Classification

Getting Started Capture Annotation Training >

O &

board or devic -

7 R

G ad gRxa

Project Files = Capture Properties

Start Capture

3-axis Accelerometer v

E "

Import Data Folder from PC

MSPMO0G5187 LaunchPa...

Import Individual Data Files from Local PC

Sensor: @

Import Annotated Archived Dataset

Label Description: @

4
normal

5 Samples: @
512

2 Wait Time Between Collections (s
1

1

. Number Of Collections
5
Training Runs Q m

Name Time/Date ¥ Progress Accuracy Model Device

GD ~ Hardware connected.

& 4-5. N7 PC S A

BRRDBRIUEAE | AR SO AT S R MES B R E TR R e g . FERER N 2mES | iF
Tiny ML Tensorlab H 485 : H i £d .
LR &GN 4R T &R AT S SR Bk =X

4.3.1 7 BFF

Z[i Tl

EJE 5N
A ERLMA (TR )
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e OEH T AR R HEE . BR LM NE S RIGEUE , 47— IR
i

0.523
0.612
0.498
0.701

B. FRLIHRX (BUATEZEER)
AU 2R IE AL RS TR R A . B AT LA A4
i

channel_x, channel_y,channel_z
0.523,0.112,-0.234
0.612,0.098,-0.198

C. W] Ab¥

Edge Al Studio 2= B Zl il - HEBR S 18] F7 51 (B8, B ik O RHIE R . fE S AREY | (R & 74
F"time" ( AX KNG ) B2 B Sl

M

Time,valuel,value?2

0.001,0.523,0.112
0.002,0.612,0.098

4.3.2 FGFF

g
[ AT 5505 BARTE 2 NN FFAETNDE S . X T HEAESS , Al (#5355 ) 2007 TEHFERTR 7 —5. %
SO AR A RS A 2, s ﬁmxfﬁwﬂ% FRAIE bR . A% GG T s ¢

featurel, feature2,feature3,...,target

0.5,18.2,45.5,...,0.187
0.6,18.5,45.6,...,0.245 ...

A s LA T

© #1671 %A%ﬁ
© BT (HJEH)  BEHINE HARME

current_d, current_q,voltage_d,voltage_q,motor_speed, pm_temp,target_torque
-0.450,0.032,18.805,1.499,0.002,24.55,0.187 -0.325,0.045,18.818,1.542,0.003,24.54,0.245
-0.440,0.028,18.876,1.456,0.002,24.54,0.176

B Lk I AL A A 1R AL FE N NAFAE |, Edge Al Studio £ E 2hiR AT AR T A5 B 18] ) 1)

Fic 2

#iE
(8] YA 55 5 2 iy 42 2 1T A

Edge Al Studio % H FRME S 7 IR ANER . 1% 4bE0 ] A I 1) 52 51 AR A H ARAR S
o EOREC: MR B ARSI RBORNA N (B frame_size Z85E L) [FE X
o BMETHE XK E DA ERRERT
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o WRBSE ¢ MU EISE AN SO EEA G D B — H AR AR A
B (frame_size = 4) :

window 1: rows 0-3, targets [0.18, 0.24, 0.17, 0.19] - avg
window 2: rows 2-5, targets [0.17, 0.19, 0.22, 0.20] - avg

0.195
0.195

4.3.3 Tl fF%
TRMAT 55 L FEAR 48 I3 S W2 Tl — AN 8k 22 N 18 e A8 5 HI R R AE .

I, A RESHLSATALR . SR ( B LRE ) ASFE SR R a2 .
WA 4 R MRS ) AR A RPAE DA S IR e 47 P A 238 1 i B 2 Bodb AT U A2

A R T

=
N
;E\ﬁ

ambient,coolant,current, pm_temp
19.85,18.81,2.28,22.93
19.85,18.79,2.28,22.94
19.85,18.79,2.28,22.94
19.85,18.77,2.28,22.94

FEME R, BRI M BT = FIVE N NRFAE | T 5 — IR BTN B Ar AR . BB LR
« %5 0% (ambient) : i NHEFIE

« % 17l (coolant) : i A\4F1E

« % 2 % (current) : HINNFIE

« % 3% (pm_temp) : EHIE) H bR

BRI A IR 55 0 A HDE LRI EUE B b, (R ATIE RS ME SR B AR ST A B IRARIANA |, 4138 4-2 Jr
No

R 4-2. [FIAFITRAES I AR

B EEES TS

T AR 24 A S 7 115 T S5 9 S R A T e .
HbRsE X EE*“ﬁ AR SON SRR E LR IT | e by s e SUR eI 4 R
TR TE b O, 7 T O T

4.3.4 JEREFF

NAETREATRE R AR I ZRAN PRl Edge Al Studio SCilid % PR SOt AT B X8R 0 X . P AT RUE X
T UIGR. AR AR E T4, DR B KRB 1 g

XN EE SR B SR A it T BLELRZAE Edge Al Studio K St (GUI) T3 73 Bihr
B X

TH B3R
T i B SR T AVEST SRR (73S R ) « 1§55 LIRS
XT3RS 1 BRI BIREA B AR T H b

my_dataset/
— classes/
| — class_name_A/
| | L— sample_01l.csv
| L— class_name_B/
| L— sample_01l.csv
L— annotations/
f— file_list.txt # A1l files (auto-generated if missing)
— dinstances_train_list.txt # Training subset
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— dnstances_val_list.txt # validation subset
L— dnstances_test_list.txt # Test subset (optional)

Xt BEATRIAES « Bl F 9 LA SO A R H SR 85

my_dataset/
|
|
|

Y.

f— files/

— datafile_0l.csv

— datafile_02.csv

L— datafile_N.csv

L— annotations/

— dnstances_train_list.txt
— dnstances_val_list.txt
L— dnstances_test_list.txt

RSB
BRSO (txt) LA — MR ERAR SRR | bR ok s —17.

ZN (I

# instances_train_list.txt
class_A/sample_01l.csv
class_A/sample_02.csv
class_B/sample_01l.csv

4.4 HHRERE

FRIPRAE S ANEI )G, AR 2k G2 AT Bl R A Bl g 70 [X . X e filiid Edge Al Studio GUI #1417,
DAHE 25 FT TR R 1 2R DA 4 B i

$& Edge Al Studio for Time Series | Options Project: Timeseries Classification _ [0 X
. . X — = EditClasses x
Project 8 A Getting Started Capture Annotation Training > [ & = Annotation Properties
Files Assign Classes ' :
" 6 a+ OdaXs Tas - P
v classes sawtooth v
v sawtooth saw10.csv ) P

® saw10.csv / s

) sawll.csv Unclassify Selected File

4 sawl2.csv [+

Add/Edit/Delete Classes
< sawl13.csv
cose

® sawl4.csv

® saw15.csv “Assign Splits

® saw16.csv 8

< sawlg.csv 5 2000 training M Assign Splits

< sawl19.csv \ Selected split

® saw20.csv @ Manual Split l— training -

< saw21.csv

® saw22.csv -

® saw23.csv training

< saw24.csv L

) saw25.csv validation

Time

® saw26.csv Data Visualization .

< saw27.csv testing

® sawacsy Training Runs N

(%) saw29.csv @ Time domain v

& 4-6. JRE IR AR

R LAERE

FERARARE T, F7 AT DL BRI a2 2R oA i LRk

o REHE AT CLEIHUET RIS B A 44 B SRR, BAAFE H AR EKR

© BERAE ¢ R LGSRSO IR E S, WA LA A (MR B LU A B 4R

HEEIX
DECKE , LAEBERER SN AR T © G eaE M. % 4-3 Thia g TR TRRESR M.
R 4-3. FW/EEK

TR 2R Hi&
VIR & S TR TR SR 5 SR AR A AL
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F&E ER Hi&
oA N Eﬁ%ﬁﬁ$%?ﬁ%ﬁ%ﬁﬁ%%%ﬁﬁﬁ
TR B 4 g FA T BASR LI PR S T e A R T

Edge Al Studio &4t 7 FEhFFHI , RV OREAR D AT 58 LR AR T o XoF T 0 Z0™ 4% £ B 5 e T 4 1
DU T RN, R i3Uf ] A 2K
WAAF AR R BRI 73 A, DA RBP4 BT ge i 2 8 3
i
NG A FE PR RS bS , MR A0 BRI 2 K — 0o X TR BRI, B
K 50% LL o BEE AR BB N, AR 00 EL B A AR SR iy, DABA DR VPAl 45 RAE S
i B R AR SR TAE A

4.5 BRI 45

Edge Al Studio R4 iJI| Zx 5 i f2 £t 1 e B AR 28 A 2588 2 B0 T A TARRURE . AT LI IC B 21 MRS J2 i 16
R
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& Edge Al Studio for Time Series | Options New Training Run
- ¢ & GetngStarted  Captre  Amotation  Traiming > [0 & B o
]
———— Device Selection

Project
Files

v classes

> sawtooth

> sine Device Selection

> square Training Performance

> files
MSPMO0G5187 LaunchPad™ (Detected) -

1 Device Information

« Device Family: MSPMO Arm® Cortex®-M0+ microcontrollers
Epoch * 80MHz Arm® Cortex®-MO0+ MCU with 128KB flash 32KB SRAM 2x4Msps ADC, USB, TI-NPU
o More details : hitps://www.ti.com/product/MSPM0G5187

« Important links

o Product https://wwwti 187

o Launchpad: https:/www.i.com/tool/LP-MSPM0G5187

© MSPMO SDK: https:/www.ti.com/tool/MSPMO-SDK

o SDK release: 2_10_00_04
« Additional information:

iny ML model development information: https://github.com/Texaslnstruments/tinyml-tensorlab

Training Runs Q r/

Name Time/Date ¥ Progress Accuracy Model Device

G Hardware connected.

o— 9 —0 oS—©0

m Device Selection  Model Selection Parameter m m Device Selection  Model Selection m

Selection
MCU Analytics Backend v1.4.0 ~ Model Selection
Training Parameters Compilation Parameters ,
Compilation Preset [-CLs,lzk,NPu -
Preprocessing Parameters l' Default Preset N
Feature Extraction ~ 1. FFT256Input_F.. ~
Default Preset
. Model Information
FE_RFFT_FIXED  ~ 256 - Forced Soft Npu Preset [
« NPU-Optimized Classification Model with ~13k params.
Compress Npu Layer Data « 6 Conv+BatchNorm+Relu layers + Linear Layer.
16 - e « Kernel sizes within NPU limits (kH<=7). Optimized for TI NPU acceleration.
« Flash Usage (Bytes): TBD
Lproprietary. « SRAM Usage (Bytes): TBD
8 1 0s -mepu=cortex-mOplus -march=thumbvém - * Inference Time (us): TBD
mtune=cortex-mOplus -mthumb -mfloat-
abi=soft -I. -Wno-return-type
False -

Training Parameters

20 0.04

256 High Speed -

New Training Run New Training Run

(] (] (] (4] [ o o o o

m Device Selection  Model Selection Parameter Dependencies n m Device Selection ~ Model Selection Parameter Dependencies Review m

Selection Selection

. Review and Summary
Dependencies

/\ Note: Some dependencies in the list below are not installed. You can continue, but training may fail. Run #01
E '
Dependency Recommended Version Installed Version Action
Target Device Model
)
MSPMO SDK 211.0007 0.07 N/A . = ISPMOG518 v 3
TI Arm Clang Compiler 5.01.01.00 o g Install - Tool Version

Tiny ML

ackend:1.4.0

Training Parameters

traction

C_Full_Band

d Default Pre:

¢, ti-npu types|

output_intstrue

kip_normaliz

opy/tinymi/tinym 0s =cortex-mOplus

&l 4-7. YIZR TR B
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B S MAE A E

BRSNIIZRERE |, F L2 SCH bRt Fsi Al e ),

1. BASEERE - P D2 T b bk £ H bR idE il 4 (MCU). Edge Al Studio S FFELE 20 24
MCU RN Z AT RS, XM 6 Ihae VPRI REE 1 DR A VE R R TEAN [F] FI B & 2 [ A AR AN
A Al BRI

2. Al ERLER . 6T 534155 , Edge Al Studio $24 T 24 FhDL E /) TI AL RISER) . SR BRI |, B P b4
TE VT2 R M RO I R P 2 TR) 3 AT AL AT
a. MAFHRME . HEE L ZEMSE0 BRI 5 AT DS & ) Eff M
b. REFRF : WIS E S EENTEME S ( SRAMIAEAERS ) THFERE K HEF IR H A% .

WA AL I NGBS E ( BRENSEE | B3 4.5.1) 5, S BIHs EHAT B
o BRATHBE (NPU) : i@ ph 2 Ab 3 s o5 (NPU) AR AR DLSZ B A4 i
«  BRHIE NPU Fi¥ (CPU) : K FE TAE 7 3 CPU |, @ M T |, 80 T3%A % H NPU BEA: 12344

L ESE =iy €4

MZE YNGR AR B B bR gt g 3k i SO B R B G s () 2 ik 2k . LIS REAE VISR BE s G PR, AR K

TR =)

1. Y B . RGBSR SRR S5, lIh5E )G , Edge Al Studio 234 il ONNX 4% 2 i) iy 2B
BISCAF . 1 ONNX ST AR 5 SR3E e b B i A i AL [R] o

2. ONNX FJJEACREHEH - AE Rk ONNX AU f5 FH TI NNC 403 . NNC $UT BIRARAL S AT | DK gk
ONNX IR EE AL YRS

3. JRARRE R bR - AR BB, A TR L 08 B B GR 1R SS (1 ARM CLANG ) . 4ii¥ s
SPATIREN LA A B, DU RO 2 H AR MCU 22465 B 52 Hil e 28 3 % (.a i)

&
R PC ARG LR LA RS |, MG IFFUKLRZE | JFm B ik BT UIZRar T4 1 T H
B, PR R A I 2B B 58 A

4.51 %24
WS E A EER B A S ECRN)I 2R S50

AL ESH

Edge Al Studio SZRFPIANTIACEE TARIURE , AMES#EAT BRI R0 Bodis

o TRIBAET O ;%05 VA T B A AU B A b R SR AR I A PR A s . P AT BAFE 0.01 & 1.0 JEHINACE
&R/

o RMEREX ;M TARRRE ST B e . AERFIESR OB b AT DAZE P A B AR S AL REAT R
- FE_RFFT_FIXED : fi /] FFT REEHUIUR(E B . SR FFT KRN0 2 (1%, i R/ E SO “iek

N27 o FFT fthibtja = R a2 h “REWIRFIE RN 2 80e SR BU X E

- JBUE o M AR TR I 18] P ) 500 T A HEAT AR A 4

LU 2800 T B AHE SR I TAR R . X B B T FRT RIRAR A H A A
& 4-4. LIRS H

. W
WA S8 AL FE WU N FEA KL
A S SR B X B (SRR ) -
. FE R T BT PR 2 I — M I T4 o L e e
BIEEIOM HRRM A R AL
T LT T I AL I B R
ZHDA204A - JUNE 2026 - REVISED OCTOBER 2026 LGN T FGE T H (E /] MSPM0G5187 19
FER R b

English Document: SDAA429
Copyright © 2026 Texas Instruments Incorporated


https://www.ti.com.cn
https://www.ti.com.cn/cn/lit/pdf/ZHDA204
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHDA204A&partnum=
https://www.ti.com/lit/pdf/SDAA429

13 TEXAS
INSTRUMENTS
1 Tl Edge Al Studio #E17 Hu# R 2H i i1 www.ti.com.cn

AREMSEIRG] , WS 71 (BIEREBNHA ) -

YSABESH

Y58 2 B8 AN R A S R TR A

o BREE BTG EIRER B IRE. B, B R ECE TR S RS R T R BEAR L
Hit 2R RS SEOLERE .

o EIR: WEAEENCREEE FTRESBE N PP, BEpE R e Lontigin 4R EARE | Hi kS
SHIRGEATRE .. Hx , BARK2E IR EERE NS, BEHFEEZWR K, FHATRESMAN R
L o

o HERK/DS 1 R TERYOEACH M GRS FER , BRI KNS 3L PC L E A
it 28 5 /7o

o fitb (BB ) 8 LA IZREIHEANY) H AR FSE -

- BN NGRS T AR,
- B R EAEEIZE (QAT) A AT mrd 4 BRAR AL 1) B i A,

4.5.2 T HE#HHT

B EHL RS b O 223 T o5 1 28 0F 4 1588 (ARM Clang) A1 MSPMO SDK , Edge Al Studio H f#% 74 4 3% il FE AT 7]
Ae 2z ML, I n) A 32 B AE B AR A ) Edge Al Studio H H B

FEHALERCA Y, Edge Al Studio AT RETEI H AR T 7 TR 2 4EBRAT , S BUS I 729 BT BOICTE IR 18 FH 25 1%
Ao

U SR Bl T LG I ) S B B R, T DU DR B R B R E TR R AR
1. SRIELUT B3 (K [version] B #ly B AR 23 fiRA )

...\ti\eaistudio[version]-timeseries\model-composer-extensions\tinyml-backend-[version]
\_internal\tinyml_modelmaker\ai_modules\timeseries

2. JTIF3CAE

‘constants.py
3. #EILLITAUEEIF 22 TOOLS_PATH 42 :

‘TOOLS_PATH = os.path.abspath(os.getenv('TOOLS_PATH', os.path.join(f'{HOME_DIR}', 'bin'))) ‘
4. KHHSCNEERAER TI 23 3, @0 s

‘TOOLS_PATH = 'c\\ti’ ‘

5. IGUFR R RS IAS I MSPMO_CGT_VERSION 5223 (iR A UL . il -

‘MSPMO_CGT_VERSION = 'ti-cgt-arm1lvm_5.1.1.LTS' ‘

4.6 MEREIR T

SRR fEla , R ATLLUG A Reports FHRIFASHE AL FNVERE . Reports SR T = ARA 3 Hr4EE
TRVEFERE. 225 ROC M2 MIpen JE T 22 5, ANTFT RS XS AERA I Rk A e SEA BE EAT T VAl | 40l 4-8 i
No
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% Edge Al Studio for Time Series ‘ Options Project: Timeseries Classification
Projec ﬁ Getting Started Capture Annotation Training Reports Live Preview B v = Training Properties
Files Device
> sé Mode
5 G a4+ BEXA Tas CLS_13k_NPU -
> s Training Performance Tool Version
> files MCU Analytics Backe... ~
100
> 1 Loss (FloatTrain) .
[0 . Preprocessing Parameters
© 0 a Accuracy (FloatTrain) Preprocessing Mode
g >3 Loss (QuantTrain) Feature Extraction v
< o —— Accuracy (QuantTrain)
o 5 10 15 20 Preprocessing preset
1. FFT256Input_FE_R.. ~
Epoch
Transform
FE_RFFT_FIXED v
Compil I Frame Size
256 v
Training Runs Q Stride Size
0.1
Name Time/Date v Progress Accuracy Model Device Featixe Size per Frame
e 3 Run #01 16 hours ago 100% completed 1 CLS_13k_NPU MSPM0G5187 & s S ¥

Hardware connected.

. . One v/s Rest Multi-class ROC Curve (with thresholds)
Confusion Matrix -
10 -
372 e
sawtooth 08 s
279 e
z
Eos v
z e
p— © -~
@ «“ -
=5 g -~
o 186 £
< % o4 ,/’
square 2
93 el
° 02 ¢Z
g —
= @ ~
© £ L —— sawtooth (AUC = 1.00)
[} [} O - —— sine (AUC = 1.00)
00 g —— square (AUC = 1.00)
: -—- Random Gt
Predicted andom Suess
0.0 02 04 0.6 0.8 10
False Positive Rate (FPR)
Pairwise class prediction difference
Pair: Class0 v/s Classl Pair: Class0 v/s Class2 Pair: Classl v/s Class2
200
B sawtooth >= square N sine >= square
175 175 sawtooth < square 175 sine < square
150 150
150
125 125
- -~ 125
o 9 o
8 100 S 100 S
=] =1 3 100
g g g
& & &
75 75 -
50 50 50
25 mmm sawtooth >= sine 25 25
sawtooth < sine
04— T T T - - - o 01— T T T - - i 01— T T T - - —
-8 -6 -4 -2 0 2 4 e 8 -8 -6 -4 -2 0 2 4 6 -8 6 -4 -2 0 2 4 6
Difference: (x0 - x1) Difference: (x0 - x2) Difference: (x1 - x2)
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ZHDA204A - JUNE 2026 - REVISED OCTOBER 2026

TR

English Document: SDAA429

TELEN T GE T (€ MSPM0G5187 21

Copyright © 2026 Texas Instruments Incorporated


https://www.ti.com.cn
https://www.ti.com.cn/cn/lit/pdf/ZHDA204
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHDA204A&partnum=
https://www.ti.com/lit/pdf/SDAA429

13 TEXAS
INSTRUMENTS
#H0 TI Edge Al Studio #1771 77 ¢ i1 www.ti.com.cn

REER

TRVE FE PR AR A RS RME T AT 2 B 22 ) AR RE MR AR TR . TRIBFEFEAR Bt 1R A /e S B Bis R 2
[ 73 5 T A RS AL P

PR AR A, Horp

© AT (YR FORIBE S SRR R SRR .

o B (X ) - FORBURAE B TRBSRARAE .

© XTALRTR ¢ FORIEFRITI ( BN S LR PRI ) -
© ALK  REHRDR (IR .

IRAFFEFE ARV AR AT SR ) 2 RN TR H 5, W0 A2 G P R P A S 17 AR [ B A HE A
o, LB KRIEAFRAH B3R 0 R R, RV S Ih i3k 7R RN Z .

B 1 REARHER R Z 5 | AZFEREE T DUE AR 2T R o Hr S R A R RS . SIS IR IR
fr g, AR AU RF LR I AORS € Sl — Biltn , Wnlfk A 2 HaRIONZIE B, NI FER ] 2 iR ok =
DX 3 X AN RE SR B 8 AP 0 R o ISR ML AR DR A L3R (i TR s PA B SR 44 1A X M (K 17
UEAL , AR AT BT ot 4 e BEMEREAT OB AR IE . JEIL TR AT B SR TR AR, BT AT DS IE DI AR
HIREAR G . IEDREREE | AT IRVEREFEAR AN 70 AP T ARt , AT DR AIE P #0225 0 HE A 2 A% 72 WL S Ik
P ) LSz AL e

ZK ROC %k (—X% )

PAUES TAEHRFE (ROC) 2R8It 22 ELBH M %6 (TPR) SRS (FPR) )26 & IR IPAG IR X 20 A A 1 B
71. XtFZFAT% , Edge Al Studio KA —Xf £ (OVR) 5El&. fEXFHrikd | AN SRl “IE” 28, 1M
BT AR R G B —A “5” 20 PR R YBA AN R A ) ROC 4k

%9 ROC £ 4 BB AE AN RIS AT 26 R I FIAIRE . BEPPAL IO T 2R R M4 R AR (AUC) ; X T435E /)
J , AUC £ 1.0 ZoR HARRL I i 2ol S R0 /e 1Ay, 30 AARE 5EERR M0 2 0V 5e L0 5. M
S, AUC L 0.5 FRom iz g = A0 |, RIS BENURIIE R .

B 7 RAPRE(ESN , ROC 4 2 PPl B E AR PR E TR . T il AR R ERAN 7] 73 5 A5 58 B Vi Bl 9 R 1k
e, B2 R e vE SO B R AR 2 I RV N R R B PR (TPRY) [RI AT e AR AR FH 15

(FPR) BIBE /). K A REVER LA B h 2 b, i TREITRE 08 BV 1 845 52 20 B n (n] Tl S5 381 30 PH PR 2R A0 {1
PR

X TAESEI ARG h AR TR &, A€ 1) ROC HIZARHT | RV 25 8 8 733 B 8 LA 2 4 12 82
ZOR (Blin RBUZEORIREZE ) |, ZERIR TS,

JEONS ST 22 57 L7 B M DR SRR B — RIS X P MR R BB o i ELT B2t 1 A S T8 S 4 ok
SROPH (BN ) Z R Al . BT BRI S AT I ST AT, TOAML DGR iR 2 AR

FeGifabn M E T —u I fabE |, I ot RPN 22 5 EL7 B e SE SR A o s R f) D e E AR A s 1 I AR:
BRI 8 1 7 ZE e oAl LRR AT DARAE € SO 7 A T gt “ 22807

e PR R RS L2 BT W R XU A, R A AR B L o TP M R MR R BAT T RSB, AT
Hmth a5 R A ARSI EE . EEERR , TR0 (B “BORIX” ) 19700 R A7 B AR AL U A8 ) 1 o082
L

T B A/ B A ETT R AR RS SIS R R fESERREE T XA
MAAMORHTTIRES , BN RERE | H T 5% A0 A B 5 sl T ik 5 i R AR BR A e e A AT RE A
fik.
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4.7 HEISH

R BE R | W LA I IR | DUEEE IR B E SOT R TAERRE T . X% im it , Edge Al
Studio &SR AR . R, WA 1.7.1 THG |, SO AR SUUR T30 1A Geas ARt AT AL i —

eI S
Edge Al Studio 1 #58 F H TARIRFE W& 4-9 iR

& Edge Al Studio for Time Series \ Options

Project: Timeseries Classification _ (O

Project 8 \MPORT A Getting Started Capture Annotation Training Reports LivePreview [ & = Training Properties
Files
> classes View Training Reports m MSPMO0G5187 v
> files . A
G Q4 B X|: Trained Model CLS_13k_NPU -
Training Performance Compiled Model I
MCU Analytics Bac... ¥
100
1 Loss (FloatTrain) .
Preprocessing Parameters
N —— Accuracy (FloatTrain) )
9
5 g~ Loss (QuantTrain) Feature Extraction
] 05 9 Accuracy (QuantTrain)
< ; ap
o 1. FFT256Input_FE... ~
0 5 10 15 20 ansf
FE_RFFT_FIXED v
Epoch
256 v
1i1e\20260929-104954\output
SUCCESS: ModelMaker - Compilation completed. ] . “
L t
Training Runs Q + New Run 16 -

&l 4-9. )\ Edge Al Studio 5 Hi %]

IR S, RGRERPITASFEIZRAE ) - PR B NN B S AN 35 B NN BRSO, [ 4-10 A

4-11 o SR 1K 8 G H SOPF I TR H SR E M AL AR A

Trained NN model files

golden_vectors —

and test input vectors

Feature extraction parameters

post training_analysis

[ ] checkpoint.pth

\ Model performance reports

— file level classification summary.log

LICENSE. txt

2
[ ] model.onnx

/ Exported trained model

L 4
I model auxh

——» Model output label mapping

= run.log

& 4-10. JIIZR/EH NN BRSO f:

ZHDA204A - JUNE 2026 - REVISED OCTOBER 2026
eI R
English Document: SDAA429
Copyright © 2026 Texas Instruments Incorporated

TELEN T GE T (€ MSPM0G5187

23


https://www.ti.com.cn
https://www.ti.com.cn/cn/lit/pdf/ZHDA204
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHDA204A&partnum=
https://www.ti.com/lit/pdf/SDAA429

13 TEXAS

INSTRUMENTS
#50 TI Edge Al Studio #1771 77 ¢ 11 www.ti.com.cn
Compiled NN model files
Binary files of the compiled
artifacts ’ model
golden_vectors \_» Feature extraction parameters
i . and test input vectors
post_training_analysis \
| LICENSE.txt Model performance reports
"“ll
& model_auxh —»[ Model output label mapping
&l 4-11. 4 /5 i) NN RO
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5 @i TI Tiny ML Tensorlab 34T E 5 &

AAA4H Tensorlab , —AN ) TAERAR M TR |, HHET PyTorch FIREAS I ZRgEAT AL . 383 FI FTAZ L
PyTorch #HUFIZE | Tensorlab 5 Bl #4148 ) £ 14 ity 20 v B v A1 2k

H5RFME THEAR |, Tensorlab %y BRI HLAR 7 >) B TEREAT R 4o 25 0] (K L T BN B e i
Tensorlab Jyr FE5E il (T RS it 1A B REHE , RENEASTAIRIE SO REE . B ZLRY . ISR S B2 i TARU
.

PR SEELR MNIST ( #oy il ) Bem SR IR AE | DA () ISR — PR R A 22 p 2 . BRI D IR
KBTS | IFLLUERTT NS PyTorch B RGN MATIRE. % LARRAR & B2 A an 0]« 8 ONNX &
B ] TVM (TINNC) #4740 A1 PC st . AN Ea N 7 ELEANIIZE (QAT) BISEEL , I ZRFIH
THRFE R NPU SEALBARMAL D 550 3 AR e -

- Edge Al Jl /457 (MSPMO-SDK)

* Tiny ML Tensorlab /] /" 5

* PyTorch Ml : What is torch.nn really?
*  Tiny ML TAE#RAZRE] Python At

51 FREE
2%

BE R4 423 Tiny ML Tensorlab , i % Tiny ML Tensorlab /36 « 28, B S5 EB AT R — 1%
REERAT |, TETERUAL PR I TAR TR C AN RN 2R 3047 1 3Rk .

BEWIFE (venv) BLE
PRI RE B B 1L KI5 |, T Python LA #R 4 Z0#E Tensorlab FEAUIASErh AT . T ERAEHR AMAR
ZIRH A

C:\ti\tinyml-tensorlab

R E RS miE O, A CUR ey 2 e 23485
A. PowerShell

cd C:\ti\tinyml-tensorlab
\venv\Scripts\Activate.psl

B. Git Bash

cd C:\ti\tinyml-tensorlab
source ./venv/Scripts/activate

VS ISELE
B ERIEEE Visual Studio Code &% LT H K AR |, BHATUA T PIE -
1. UL NASBITIF “admm”
‘cm + shift + p ‘

2. WRIFIEFE

‘Python: Select Interpreter

3. MEERFIFES | kS “venv” HFRHRHIMRESS .
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BAIE MR
Pam A ELE |, B AT U - R UG IE O 2R A P EL I 5 DR T AT A0 75 IR AROUA A74E

‘pip Tist

5.2 HIERE

IR AL B AT R AR |, B R FE 0 N AN AR BE © S0 R A E 50 0E . XM btl
Trika] DA I B E . U RS se # AT Py Toreh 9{%%%%‘4@&@@4@5&

5.2.1 HHERF

S B KSAT AR LU R 3 MNIST $ia G20 e A I H 45 WA S Bdi £ . P b AT R b i L S B8 4240
RIVEETR , BIAS AR =4 A SO B A P B3 AR AT o X mT il O

‘data/

H SR IR LA T IA BT E H S BRI 1), Joil Zm (1 24 51 TAE H &80T,
1. GBI —ALURN A FREH T

‘Ol_test_down1oad_data.py

(M FHHRE ) o
2. SEHLLAUFRA

from pathlib import Path
import requests

# 1. Define the absolute base directory and target path
BASE_DIR = Path(__file_).resolve().parent
PATH = BASE_DIR / "data" / "mnist"

# 2. Ensure the target directory hierarchy exists
PATH.mkdir(parents=True, exist_ok=True)

# 3. Define remote source and local filename
URL = "https://github.com/pytorch/tutorials/raw/main/_static/"
FILENAME = "mnist.pkl.gz"

# 4. Execute conditional download

if not (PATH / FILENAME).exists():
print("DownToading MNIST dataset. Please wait...")
content = requests.get(URL + FILENAME).content
(PATH / FILENAME).open("wb").write(content)
print("Download complete.")

else:
print("Local dataset detected. Skipping download.™)

3. MZIEATIZIA. MG , Zima BRIl FHE

Downloading MNIST dataset. Please wait...
Download complete.

5.2.2 ##5 R

55 T BURAE N O S B, KRG EUE AT ALL |, IR NumPy 340y PyTorch 5K
1. B A LUR A FREHT T

02_test_load_visual_data.py

2. SEPLBLFRAERIA

import pickle

import gzip

from pathlib import Path

from matplotlib import pyplot
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import numpy as np
import torch

# 1. synchronize path resolution with Stage 1
BASE_DIR = Path(__file__).resolve().parent
PATH = BASE_DIR / "data" / "mnist"

FILENAME = "mnist.pkl.gz"

print("--- 1. Loading and Decompressing Dataset ---")
# validate file existence before proceeding
if not (PATH / FILENAME).exists():
raise FileNotFoundError(f'"Dataset not found at: {PATH / FILENAME}.
"Please ensure Stage 1 was completed successfully.™)

with gzip.open((PATH / FILENAME).as_posix(), "rb") as f:
((x_train, y_train), (x_valid, y_valid), _) = pickle.load(f, encoding="Tlatin-1")

print(f"Training set shape (NumPy): {x_train.shape}")

print("\n--- 2. visualizing Sample Data ---")

# Reshape to 28x28 for image rendering

pyplot.imshow(x_train[0].reshape((28, 28)), cmap="gray')

print("Note: Close the graphical window to proceed with tensor conversion.")
pyplot.show()

print("\n--- 3. Converting NumPy Arrays to PyTorch Tensors ---")
X_train, y_train, x_valid, y_valid = map(
torch.tensor, (x_train, y_train, x_valid, y_valid)

print("\n--- 4. verifying PyTorch Tensor Integrity ---")
print(f"Training Data Sample:\n{x_train}\n{y_train}")
print(f"converted Tensor Shape: {x_train.shapel}")

print(f"Label Range: Min={y_train.min()}, Max={y_train.max(}")
print("Success: Data pipeline and PyTorch integration verified.™)

3. IBATIZMIA. TR RS MNIST Eafe it — I FEH Y, WK 5-1 for. KRHZEEGE DG, &ins i
HeA sk BRI B o BRIDSAT ATE AR AR C IR . M CIEMIRCE , H PyTorch HOUITIE 7
TAE
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%, Figure 1 = (m] X

10

15

20

25

— O ,y) = (17.79, 18.32
At "I"Q: = [0.988;

& 5-1. FEHTERG

#iE
MNIST #d £ 4 [0, 1] ¥ midE il
5.3 HAIGHIEREW

BEE T ALK ER I R, A5 SR 2 AS PR B30 S i R T AR O REE Fili AR SR s SR A s R Sk P RE A o AT
R T WAL R BB R M4 (CNN) (LI, B4 1 PyTorch £ RGTHAEHUL I35 K DI fE

5.3.1 Z430

BT — PRI PR S — N M 2888 DAL R . i MIE R 1 EEA ) PyTorch sk EIZH |, ALK
torch.nn JIXFEHI R ZAMER , DTS 3t FR A 22 X 2% RO B2 AL o

I T WO PyTorch TiRE

1. HEBEH  FHEEMNENRE , PGB NIRRT |, [RS8 046 10 DU CREUE AR e 1k
2. Autograd 5% : Ju%

‘ requires_grad=True

, i PyTorch fEMSERER T A 5K SIS, I T B L 33011 B Sh s B TH SR i sh & 5

B AR Python 32485 XHT FA%HE . I80F R %L (log_softmax) A35 25 sk %k (NLL) , fé7= T PyTorch [ &AL 5 b 58
ARAL E E S SRR R
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B A

Tk Tiny ML TAERAE RS Python A (D | Ff4d I rh & 1) “03_test_train_from_scratch.py” B, &
U AT BIASE , JE I H ESRIAE I 2Rt

Data Toaded successfully. Training samples: 50000, Features per sample: 784
--- Pre-training Model State ---

iﬁ%tia1 Loss: 2.2634
Initial Accuracy: 0.1406 (Expected near random)

--- Ccommencing Model Training ---
ébéch 10/10 completed.
--- Post-training Model Performance ---

Final Loss: 0.0559 (Target: Significant decrease)
Final Accuracy: 1.0000 (Target: Significant increase)

#1
ML) 100% MR R AERMH B IERNTE LT | AEVIZRE XA RAT I 45 R, RYIAT
REAFEE LA o

5.3.2 £&/H PyTorch py BT ER

W2siEE i R PyTorch B 234 ( nn.Module il torch.optim ) M F-sh5k B 1E LI 2IbRAELL TAERFE . XFh
F ARG FF R ABE UMAR B S B8 g T 1) 6 R ¥ s (OOP) J5i:

nn.Module
R R | BSR4k K H nn.Module 25, XA T LSRR -

o BEEHE : nn.Linear WYUK H S H S HIMA AL HE | A2 F3hE XFPILEL self. weights f1 self.bias.
« H3ME @ nn.Module 4k7& |, BT NS ECE S HEEM | (1 RS RE I IRERX L SR A TR BT
MmN L.

torch.optim
FHSHEEHL TR ( FEEN torch.no_grad() L T RN SEHRLEIHE ) O torch.optim HEZLEAL

* model.parameters() : b7 VETT 78 U | BATA CEM B SEEL B A RIS . RILER S 4 IX LS X R
BRI R CAEAT 5 8

* opt.step() : ZNEH TR EM R . ZIEERA SEM S, S PR (flin
SGD ) , DA 44 Fi i B A = .

+ opt.zero_grad() : XHRAL T —FHEEHHLE] , TTRIFNERTE RS ERIBEE |, ATTARFE T — IR 2Rk AR i 5e
P,

et v LS B AT A SEBUAS R A Sk 2 T o e D048 (140, M SGD D)%) Adam ) |, I E
AR R TZH o

IR A
F# Tiny ML TAEJ AL~ 6 Python FAIASE, |, 48 41 “04_test_pytorch_module_refactor.py” A .
2P AT A S |, it I H B REE I 2R

--- Pre-training Model State (Optimized version) ---
Initial Loss: 2.3087

--- Ccommencing Training with torch.optim ---

ébéch 10/10 completed.

--- Post-training Performance ---
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Final Training Loss: 0.0554
validation Accuracy: 0.9245

5.3.3 HHEEE LA

EIRAT T %1 OB T B3R S TSN IR AR A8 sk B a0 B, (HiE S s Dataset Al Dataloader il , ] LA
SELEE SRR TR . XLl R ] DA RO Bl A7 i S AL FE 08, TR vl i R PR RIAR

TensorDataset

RS AEATAR RS 9 S SEAR A BE R 2T AR IRD | AR DR 2R 5| AE s i A2 P RS X055 . TensorDataset i#id
K ZAKE IR BURAN BRI GORM IR R . — B | U5 A& 512 B0 R S A R AR AL T R A
Mool , M fE A EE T R A e B 1

DatalLoader

B EA 7T , DataLoader 11 51 & FEELHEACAT Wi . DataLoader $241E T JLF A T FEfE

* BUEREYLAL (shuffle = True) : PG LR 22 S) 8871 (X2 FE0IRLE ) |, DataLoader & 7E&F M IKIT U6
I EFATELEE A |, AT ORI R BRI BEA L

* FEATINE (num_workers) : 7£ /0 ( B EEHC ) BONRB KR 4, DataLoader 1] LA A 2 i F2 50E

n#. XfEfH CPU RS E GPU A AT HE XIS 7 J5 & T AE R ™ —REIK , AT BE K PR R b e A

A AR TR, R ZRIEI N R IR R 5 s SR fag it A AT s AR 1
Bl

Tk Tiny ML ARG RS Python A (D, | Ff4 P& 1) “05_test_data_pipeline_refactor.py” 4. i
LU PATIA S | B W H S ORISR 2R

--- Commencing Training ---

Epoch 0: val Loss = 0.4051 | val Accuracy = 87.68%
Epoch 1: val Loss = 0.3202 | val Accuracy = 90.73%
Epoch 2: val Loss = 0.2923 | val Accuracy = 91.63%
Epoch 3: val Loss = 0.2960 | val Accuracy = 91.53%
Epoch 4: val Loss = 0.2821 | val Accuracy = 92.19%
Epoch 5: val Loss = 0.3038 | val Accuracy = 91.28%
Epoch 6: val Loss = 0.3009 | val Accuracy = 91.40%
Epoch 7: val Loss = 0.3131 | val Accuracy = 91.14%
Epoch 8: val Loss = 0.2663 | val Accuracy = 92.78%
Epoch 9: val Loss = 0.3008 | val Accuracy = 91.59%
--- Final Test Set Evaluation ---

>> Test Loss: 0.3143

>> Test Accuracy: 91.03%

5.3.4 1 )& Z/ CNN %27

fEr Bl R B AL I R B0 , IAE T DATHRIAUK LR | Sl ISR 22 I 2% (CNIN) AU 20 1M 20 R SRR it
HHGE (CV) 1155

LR MRS 1) 3 PR ] IR B 2R 2R K 28x28 KU Tk 784 LR Mm-S MIME R Z R B L% &R .
CNN B8 ik P oL ) i e 73X — ] i@t

© FKREEY : i xb.view(-1, 1, 28, 28) , KN ERYNILESKRE (fHb, HIE. &, WK ) o ZBIREER
FRAE TG 125 18] PO A%

o SPRRERES]  BAUEH nn.Conv2d 27, EIE R EEANKIG . IXAE 4 e SEIURMIE R 2 IR EE - S
— R IRGOLZ B A BRI R T e B .

NPEFEISCSOE LA E M, SGD IS THEONEL & A& = 0.9 M. {EbRi#E SGD H , BBl RE 2 7E 1% T )
PRI BRI ZR G . SRS VR BRI RM, R4 T AR R, FEBI LS B RO
ST T XA P 7 AR A X3

HI T IIZRiZH# (loss_batch A1 fit ) 55 5E 40 B, PRI AR LI TE & 0 % L IN ZRE A AT 1B 24
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B A

Tk Tiny ML LA R B Python A (D, | Ff4d F Hrh & 1) “06_test_cnn_model_refactor.py” A<, 1 fj%&
U AT BIASE , JE I H ESRIAE I 2Rt

--- Commencing CNN Training ---

Epoch 0: val Loss = 0.3287 | val Accuracy = 0.9031
Epoch 1: val Loss = 0.2477 | val Accuracy = 0.9233
Epoch 2: val Loss = 0.2205 | val Accuracy = 0.9352
Epoch 3: val Loss = 0.2174 | val Accuracy = 0.9335
Epoch 4: val Loss = 0.1661 | val Accuracy = 0.9522
Epoch 5: val Loss = 0.1702 | val Accuracy = 0.9488
Epoch 6: val Loss = 0.1590 | val Accuracy = 0.9537
Epoch 7: val Loss = 0.1423 | val Accuracy = 0.9606
Epoch 8: val Loss = 0.1265 | val Accuracy = 0.9622
Epoch 9: val Loss = 0.1303 | val Accuracy = 0.9611
--- Final Test Set Evaluation ---

>> Test Loss: 0.1389 | Test Accuracy: 0.9568 <<

£/ nn.Sequential f&j{L4EH)

LAHTSEILM CNN 22844 F nn.Module k& SUEHIZ | forward J7 AR F 22 8 0T 3l e CHHR IR . X FhJ7 ik BAR
R, HE TR A A KB A

NI FE | PyTorch #2417 nn.Sequential 4% . SRR R R G0 2 AN 2 32385 31— MR E L B
o R IR IR E UV F R IR e . X R “WiKER” iERERD TREBAREY | IF BTG 7 bRk A i 284
F-Eh szt forward 757,

£/ nn.Sequential Bf i —AN9 WEKAERSE | ZERPATAE T A 2 K sk E A | 10 7E )5 S2A0 B 2 AT
H 5 XU A sk R 2 TR . ZERRTE nn.Module 1 , IX AT PAZE forward BRETHERFALLEE . {H | 7441
nn.Sequential /K | FEASDRER A 504 201 nn.Module X% . N SEELIX — & T 7 RS [E 1 4
a'S5 AN ATLMEFH Lambda $ 2548 .

IR A
N Tiny ML TAERFE R Python A, |, FEEH L& “07_test_cnn_sequential_refactor.py” JHIA, fi#
FHASRPATIIA S |, @ Wi B R IGE I it

--- Commencing Sequential CNN Training ---

Epoch 0: val Loss = 0.3077 | val Accuracy = 0.9077
Epoch 1: val Loss = 0.2371 | val Accuracy = 0.9303
Epoch 2: val Loss = 0.1858 | val Accuracy = 0.9456
Epoch 3: val Loss = 0.1682 | val Accuracy = 0.9503
Epoch 4: val Loss = 0.1618 | val Accuracy = 0.9546

--- Final Test Set Evaluation ---
>> Test Loss: 0.1694 | Test Accuracy: 0.9501 <<

5.4 BAISH

NGB, BRGARI BT MRS LG, BtnT LA PyToreh JF & SR 56 46 A0 8 mh 45 4% 30 — BB R G 4 A s b 42
R£8 A2 4 (ONNX) 1 =

ONNX J& —Fh o] A R AR R |, SCRRIE SR & (255 C++. Android. iOS fil Web %48 ) #EATVFA#E
H#, i ONNX Runtime 5512471, o7 56 42 %% PyTorch HIFF44.

CUR AR 1 i R BT IR TARRAE | CAOdmsi RN G D IR, 2 se L ds e BN E I L
DL DR G Y (R 5 T B 5| B 5R 2

B A
T Tiny ML TARGRAERH] Python JAIASED | Ff4d iR &) “08_test_export_onnx.py” JHIA . d F &5 AT
JEAfG i i H BRI IE I 2R

--- Commencing Sequential CNN Training ---
Epoch 0: val Loss = 0.3461 | val Accuracy = 0.8950
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Epoch 1: val Loss = 0.3137 | val Accuracy = 0.9107
Epoch 2: val Loss = 0.2044 | val Accuracy = 0.9445
Epoch 3: val Loss = 0.1736 | val Accuracy = 0.9490
Epoch 4: val Loss = 0.1684 | val Accuracy = 0.9502

--- Final Test Set Evaluation ---
>> Test Loss: 0.1698 | Test Accuracy: 0.9475 <<

--- Commencing ONNX Model Exportation ---
ONNX model successfully exported to:

...\mode1\mnist\mnist_model.onnx

5.5 E4LREAIYIZk
A ETE TR IR L G LB LA 4 I I S B AR AL B R o B A2 H8 B A R L R (R RO A FE N 32 467
TF A (FP32) BB BARMAL 5 | il 8 7 (INT8). 4 £i7 (INT4) 5 2 fi7 (INT2) 4.
B R NIL S Al HSR =D FE AL
o REUEYE  BEBAAER S HE (W, A FP32 A INT8 A&/ 4 1% ) «
o RIMEFEEE : LML BEGEHIF S IEECRE .
o TEMEINER : TI ROAREALBE R G (NPU) 280 _F ATt JE T 3850 tHE 3T Tk |, Rt E Ak o S8l = e RE A

AT S e

Bt 7 o8 AR, B ACR IR , AR R T RES PR . 3R 5-1 S A IYIIAD A5 2 A S R R REAF A -

R 5-1. M SRR

$s RFd HEERT WIS RE T
Float32 145 (%) 145 (3E4k) 0%

INT8 4x 2x - 4x <1%

INT4 8x 3x - 6x 1% - 5%
INT2 16x 4x - 8x 5% - 15%

N T AEARALTE FSEBUERSE , B UGHT BRI (QAT). QAT SEIIZrid FE il Ak iR 22 |, (R 7R R
WG N PR IR . BREZHIEE , EUin

« Tiny ML Tensorlab fi /7 #57 : &1k
+ Tiny ML Tensorlab H /" #5Fg : M7 LR

ABIEIA

T Tiny ML TAEGAE R Python JHIASEL | H4# LR EE 1) “09_test_cnn_quantization_model.py” 4. %
AR 1 e B A FERAR © AN FP32 IIZRE) INT8 SEAL AL , /3] ONNX T i

DU HEER 7R S RPUTERE |, G5 FP32 125, o SERI B BANIZ (QAT) Birie , BLA B R
DAz

--- Stage 1: FP32 Training ---

--- Commencing Model Training ---

--- Final Test Set Evaluation ---
>> Test Loss: 0.1732 | Test Accuracy: 0.9522 <<

--- Stage 2: INT8 QAT ---
--- Ccommencing Model Training ---

Epoch 0: val Loss = 0.3535 | val Accuracy = 0.8992
Epoch 1: val Loss = 0.2269 | val Accuracy = 0.9410
Epoch 2: val Loss = 0.2205 | val Accuracy = 0.9359
Epoch 3: val Loss = 0.1928 | val Accuracy = 0.9449
Epoch 4: val Loss = 0.1590 | val Accuracy = 0.9593

Freezing BN for subsequent epochs

Epoch 0: val Loss = 0.1289 | val Accuracy = 0.9617
Epoch 1: val Loss = 0.1197 | val Accuracy = 0.9641
Freezing ranges for subsequent epochs

Epoch 2: val Loss = 0.1499 | val Accuracy = 0.9530
Epoch 3: val Loss = 0.1278 | val Accuracy = 0.9623
Epoch 4: val Loss = 0.0985 | val Accuracy = 0.9713
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--- Final Test Set Evaluation ---
>> Test Loss: 0.1041 | Test Accuracy: 0.9686 <<

--- Stage 3: Exporting to ONNX ---
ONNX model successfully exported: ...\model\mnist\mnist_model_int8.onnx

5.6 1A 4 1%

R IR 1O ONNX A% Vs | TP A dr I i e — 2D 2 g i . BRI RE R H i 2t ONNX 5L Fe iy
BExE H bRzl as (MCU) AT DLAL FIALES AT 324 0hY o

TIAZ M 2% G 125 (NNC) FH T 95 G 38 A ONNX A8 5k N AEH 2 [ 22 0. NNC ARHE 6 1 101 H ZER A B 4

WA ER B e —

o BRASEE () TR XGRS (i tiarmclang ) Bz g BIE A . IR ARHEA ST, i EE
5545 Code Composer Studio™ (CCS) T H .

o VERIEA (tar) : ZBRIPAR A BN AT EL C VRS e I iR A 0 A TR A A A S P A% BB ) P
BERE R SO IR o O S R BRI B TR LA RS X R AR

Ll sy
2 Ve A ) B R ST AR B AL B H SRR

root_path/

— 1ib0.c # optimized source code T1ib0

— Tibl.c # Optimized source code 1ibl

F— Tib2.c # Optimized source code 1ib2

— mod.a # Compiled static Tibrary file (Link this to ccCS)

L— tvmgen_default.h # C header file containing inference function signatures
41T (CLI)

XFREBEMT, tvme G547 FHESEOE 10 G B AR AR AR . AT R VEAESCH |, 153 B TI MCU i 2 f 45 2 16 45
F 8RR« ik .

ZER ONNX %1%y MSPMO (Cortex-MO+) HARHIERSPE | B EL S HAT L T s

tvmc compile \

--target="c, ti-npu skip_normalize=true output_int=true" \

--target-c-mcpu=cortex-mOplus \

.\modeT.onnx \

-0 artifacts_m0/mod.a \

--cross-compiler="tiarmclang" \

--cross-compiler-options="-0s -mcpu=cortex-mOplus -march=thumbvém -mtune=cortex-mOplus -mthumb
-mfloat-abi=soft -I. -Wno-return-type"

NBIA

F# Tiny ML TAEGFE~ %] Python AL | HAERH H 51 “10_test_cnn_quan_compile_npu_lib.py” fi
Ao ZIAESE tvme a AT R AL T — Nl RS . Z AT R R B RN T H bR E i b .

2 m PAT A 3l I H SR IGAE I SRt

Ooutput Mode : LIB

Target Device : MSPMO (cortex-mOplus)

NNC Target : c, ti-npu skip_normalize=true output_int=true

Input Model : C:\ti\tinyml-tensorlab\UserTestFolder\model\mnist\mnist_model_int8.onnx
Output Dir : C:\ti\tinyml-tensorlab\UserTestFolder\model\mnist\outputLib

WARNING: ti_mcu_nnc:GCONV Tayer NOT offloaded to TI-NPU

WARNING: ti_mcu_nnc:GCONV Tayer config: 8-bit input [9, 9, 16], 8-bit output [4, 4, 10], 8-bit
kernel [3, 3], strides [2, 2], padding [(0, 0), (0, 0)], data Tayout NHWC, kernel layout HWIO
WARNING: ti_mcu_nnc:GCONV does not support 10 output channels. Please change to multiples of 4.
WARNING: ti_mcu_nnc:AVGPOOL Tayer NOT offloaded to TI-NPU

WARNING: ti_mcu_nnc:Global AVGPOOL Tayer config:8-bit input [4, 4, 10], 8-bit output [10]
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WARNING: ti_mcu_nnc:Global AVGPOOL does not support 10 input channels. Please change to multiples of
4.
INFO:ti_mcu_nnc:
INFO:ti_mcu_nnc: TI NPU offloading Report
INFO:ti_mcu_nnc:
INFO:ti_mcu_nnc:
INFO:ti_mcu_nnc: LAYER/OPERATOR COUNT SUMMARY
INFO:ti_mcu_nnc:
INFO:ti_mcu_nnc:
INFO:ti_mcu_nnc: Layer Patterns offloaded
INFO:tT _MCU_NNC: == —mmm oo oo
INFO:ti_mcu_nnc: Layer Pattern count
INFO:ti _MCU_NNC: === = —m oo oo
INFO:ti_mcu_nnc: FCONV 1
INFO:ti_mcu_nnc: PAD 2
INFO:ti_mcu_nnc: GCONV 1
INFO:ti_mcu_nnc:
INFO:ti_mcu_nnc: Operators not Offloaded
INFO:ti _MCU_NNC: === = —m o e
INFO:ti_mcu_nnc: Operator count
INFO:tT _MCU_NNC: ———m oo oo
INFO:ti_mcu_nnc: reshape 1
INFO:ti_mcu_nnc: nn.pad 2
INFO:ti_mcu_nnc: gnn.conv2d 1
INFO:ti_mcu_nnc: cast 4
INFO:ti_mcu_nnc: nn.bias_add 1
INFO:ti_mcu_nnc: multiply 2
INFO:ti_mcu_nnc: right_shift 2
INFO:ti_mcu_nnc: clip 2
INFO:ti_mcu_nnc: sum 1
INFO:ti_mcu_nnc: add 1
INFO:ti_mcu_nnc:
INFO:ti_mcu_nnc:
INFO:ti_mcu_nnc:
INFO:ti_mcu_nnc:
INFO:ti_mcu_nnc: MODEL PARTITION - TOPOLOGICAL VIEW
INFO:ti_mcu_nnc:
INFO:ti_mcu_nnc: Layer/Operator offloaded
INFO:tT _MCU_NNC: ——mm oo oo
INFO:ti_mcu_nnc: Input
INFO:ti_mcu_nnc: reshape []
INFO:ti_mcu_nnc: nn.pad [1]
INFO:ti_mcu_nnc: nn.pad []
INFO:ti_mcu_nnc: FCONV [X]
INFO:ti_mcu_nnc: PAD [x]
INFO:ti_mcu_nnc: GCONV [x]
INFO:ti_mcu_nnc: PAD [X]
INFO:ti_mcu_nnc: gnn.conv2d [1]
INFO:ti_mcu_nnc: cast [1]
INFO:ti_mcu_nnc: nn.bias_add []
INFO:ti_mcu_nnc: multiply [1]
INFO:ti_mcu_nnc: right_shift [1]
INFO:ti_mcu_nnc: clip []
INFO:ti_mcu_nnc: cast [1]
INFO:ti_mcu_nnc: cast [1]
INFO:ti_mcu_nnc: sum []
INFO:ti_mcu_nnc: add [1]
INFO:ti_mcu_nnc: multiply [1]
INFO:ti_mcu_nnc: right_shift [1]
INFO:ti_mcu_nnc: clip [1]
INFO:ti_mcu_nnc: cast [1]
INFO:ti_mcu_nnc: Output
INFO:ti_mcu_nnc:
INFO:ti_mcu_nnc:
INFO:ti_mcu_nnc:
INFO:ti_mcu_nnc: TI Model Library Memory Usage (mod.a)
INFO:ti_mcu_nnc:
INFO:ti_mcu_nnc: Code: 1952 bytes ( 1.91 KB)
INFO:ti_mcu_nnc: RO Data: 7061 bytes ( 6.90 KB)
INFO:ti_mcu_nnc: Rw Data: 9540 bytes ( 9.32 KB)
INFO:ti_mcu_nnc: Total: 18553 bytes ( 18.12 KB)
INFO:ti_mcu_nnc:
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6 4% Al A - HFiRg)

AR ASE —DUEMIIRE , TERA XA NE R T BET 2N 8m , FERARR G L ERE T
WA ThRETHNIG B KPR« AR BT EC 7 v LN AR FEEB I HRE . 0% Al IR T — A iR
Bl DRI TR, e B R A A S S BlERf . SERTROHERE | BRI =i iE R . 2T CPU MOMERJR K2k
FERERTFE IR |, BT 902 PR i a8 8 5 nT 32 At r b 2 g

MSPMO0G5187 iz il 2% il id 2 i & I Y TinyEngine NPU SEf# i —Hkik |, i% NPU & 78 LARRAR A T AEF0 9 12T
BIENL A % 2] TAE . TR T A R BB 208 10 N0 (0-9) 2 —MThee. MA@
UART Js il iE 0 28 x 28 K% G AE NG R 5 , M A B NPU ZEATAEAF DI e B HE R | IR ) H 2
TR FEHL GUI AT IR,

fEBI R B NPU |, Z807 1R RGESEEL T 29 99% I 8RR | HEFRAEIR(N 6.05ms , R &5 F 73KB f A A7
F110.9KB 11 RAM |, 13 6-1 Fian. X &6 BE B 1 78 B 52 BR i s il 2% b EAT 8 R um L 8s 2% ST I m AT 1 .

R 6-1. Hr g Al it

Metric ZiH
K %) 99%
PRI 17 45 73KB
RAM i i 1515 10.9KB
HEFEZEIR (NPU) 6.05ms
PR R (AVG) 170.38uJ

(1) HEFREE 7L E S 4T tvmgen_default_run() #174d ] EnergyTrace™ 4l & () .

&
BEIE LP-MSPMOG5187 L {RFFHERIFIERERE I & | EFEM: J6 Bhek. X LR 1EAR 332 7o AN 3 4
ADC 7= AEZAMAO HEIFEFE , BNATRE S SR R B I n %= .

% 6-2 B TR ETEE S
£ 6-2. LR % Al EHEFE

Bt ZicH
IR ) CNN
SRR 60,000
LTINS (1. 28. 28)

it 10

318 INT8

6.1 LeNet-5 /& CNN 5%l

LeNet /& R 5T BIPE BRI ML (CNN) 288, St it - N RS IR B R A R0 -5 B A4
By R nia % Al R IERE T AR2e 2 4 145 4 3509 NPU JRAE 154 1 LeNet-5 42 f& CNN 57,

6-1 /R T H TAERME . ZBH 2 — M P 28%28 IKJEEIEAE N 784 N ItE ) float32 Hi N |, F4h—

ML 10 DMITERI floatd2 (8 , TRt NSRBI EEEENH. %M & I ES BRI , FMREE D

i B Conv2D 2. RelU Wil M 2x2 s KAl . X SeBERAE BRI BOZ AP SIS [AVRAE (R I e 23 17 23

HERP . AL B AR |, IRl — RPN IERR | R g tEm s 2 10 K. i TR R B A
INT8 A EMPIRERAEHKIZAT |, FERJa — D EEEZ RS PAT R EN G AFED IR | Kt =3 467509 float32
A, T ECT H BRI 10 AN 2 KU argmax SRE .
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Reshapelayer - Flatten
INT8 [1, 5, 5, 16] — [1, 400]

LAl AT BT R

Reshape - NHWC (batch, H, W, channels) ’

float32 [1,784] - [1,28,28,1]
1
Quantize & BatchNorm Input ’

M

float32 — INT8 [1, 28, 28, 1]

INT8 [1,10] > float32 [1, 10]

6-1. HFIRB) Al A HEE

‘ De-Quantize (post layer after classification) ’

6.2 NPU/CPU #:Rg L8

% Al BRI ALIEGE T A0 E W26 G B 2 308 B0 b, B AT DU & FH R NPU |, AT DU 4L CPU.
TinyEngine NPU & —Ff % [ 1 1F F T AT A X 28 THE L AR AR IR &8 |, ReO87E CRIUE S R0 SN RN, AH L@
Fl CPU Kl ks> 2 4E 3R FF 5 B

FAETYEREVEAY , MSPMO SDK [RI #2417 T NPU ik CPU ByskBlRE] , Bt 7 #EAT R AENN , Z W

o T NPU 7Rk % Al =
o BT CPU M IRMILZ: Al 7R

# 6-3 K45 THET NPU fil CPU 11ii%: Al Bt 185U R 5 R A A ik BE X EE .
% 6-3. NPU/CPU et &r

HERETRI ZETF NPU it #TF CPU Mt
it %) 99% 4] 99%
IR 15 4L 73KB 68KB
RAM i FH 15 5¢ 10.9KB 8.1KB
HEFEAEIR 6.05ms 89.81ms
HEH LR (AVG) 170.38uJ 2,447.45u)

HF NPU (it A LEE T CPU [SEBL | HEBSER KZIBEAK 156 1%, HAFUHERL I RERE A Um0 2 96% , i H Ak
DS DHFEBBURR 10 25 N T 3 55 A BRI e 4%
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730% Al B @ BRI
MSPMO {5 T —FhSKUb VE I 4r 2 83 %01, BERER I LS SHEAT S | SEGLIORIIAIAX 2 | R IEIRBE. =i
OG0 U5 25 3 BRI . AT A 13K AN R 71 53 SR | B BRI AT R MR AT RS

G RB R GSEH T 100% (R Py ) M 2KuEffi % |, HEFEIEIRAUN 5.84ms |, [AIIHY & A 21.5KB A A7 A1
3.3KB ] RAM , % 7-1 fixs.

FT1. WA REILSG% Al o T B

Metric &
2 100%
PR AT R A L 21.5KB
RAM 15 F 558 3.3KB
HEFEIEIR (NPU) 5.84ms
e AR (AVG) 236.97ud

(1) HEFRREE R EE AT tvmgen_default_run() ¥i1a)4# ] EnergyTrace M= 1.

&E
BAE LP-MSPM0G5187 L {RFFHEMEILRE BN E |, 15525 J6 B2k, X nl LR 1A 3k 32 50 XA & A
ADC F=AEBAMA TS RE , BN ATRE S S8 R H W 2% .

F 7-2 BoR TR RS
R 7-2. T RH ALEREFEER

Rt &
ALY CNN
ZHHE 14,124
HINTEAR K [(1, 1,128, 1))
LRLES 3 ( SRV IESRME. TR )
2 INT8
ZHDA204A - JUNE 2026 - REVISED OCTOBER 2026 ELRN THGEWH 16/ MSPMOG5187 37

eI R
English Document: SDAA429
Copyright © 2026 Texas Instruments Incorporated


https://www.ti.com.cn
https://www.ti.com.cn/cn/lit/pdf/ZHDA204
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHDA204A&partnum=
https://www.ti.com/lit/pdf/SDAA429

13 TEXAS
INSTRUMENTS
WAl T - R TE 5 ERE www.ti.com.cn

7.1 RRALHREL

REPESR U 5 WL EdgeAl NI HIRBEALRER 7 , JCHZAE B MR [B] P 5145 5 AR B b o 3R UL BRER AL AT XTI
KAGH S RUE 5 A IIRE , A ARM FECLSEBLRAEERE . T ] ARFAIE S R B B 43

o SEbRE A EIH AR (RFFT) @ K A5 5 4 v s 2R

o WRPBELRTE : N EHCRAS SR B L BIE 2 ] , JFP IE 5 S A B AR B _E T

o BHOREEHE - tHE FFT e S8R

c HARAELR  HRESERME , DR SRR I

o PUHTTEEL  RERE SO N IR 2y ERTEY , DLSEELRRZE

7-1 JEoR 1R SR AL B K 2K

Raw Input Data
(Time Domain)

Copy
Y

Scratch Buffer

Y
FFT Processing Magnitude Scaling i
(FE_RFFT) ] (FE_COMPLEX_MAG_SCALE) ) .

\If scaling disabled

5 = - Dc ciggfggj‘ég;’;]oval I y "' If dc removal disabled

¥

i

v Y
¢ Complex Magnitude _

(FE_MAG) 'If mag calc disabled

§ Bin Calculation
(FE_BIN)

Jif binning disabled

Copy_,/"
b

Gl

Extracted Features

B 7-1. R R B B K £

R 7-3 oR T B NPIY o KA BT R SR BUC FERUK R & . M S I E B AT 5 € SO, OGRS 14
A BRI KEE AT -

R 7-3. PR RBHNFUKLREE

EEAEAES EERS EEEEX

RFFT FE_RFFT Y

RS 58 48 T FE_COMPLEX_MAG_SCALE Y

JEN/ it~ 7 FE_DC_REM Y

SIEETE FE_MAG Y

B FE_BIN Y
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R T-4 R T B RBIEH RBBHIR SR B 28 W TN ERAES |, )\ AT R | A bk
256 AN A LA 16 MRFIELERE | B LA 128 ANRFIESE BEf N BP0 23 A% Al B

R 7-4. PR RBR RIS H

Metric BERS 18
YNNI FE_FRAME_SIZE 256
TSN FE_FEATURE_SIZE_PER_FRAM 16
ARSI R/ FE_BIN_SIZE 8
PA— 1A FE_BIN_NORMALIZE 1
FEHHE FE_NUM_FRAME_CONCAT 8
B NP/ FE_STACKING_FRAME_WIDTH 128

#iE
R T-4 PRCE R SIS B VS RN 2R T i 2 80— B0, DA ORGSR ITT EE A

YRR

o PRARHITHE - R ARM R AL F ESEAT R R Ak B

o APEASRCE ¢ GRh XSS HT T KPR b A7 s SR T A

o BRYE - BT SO BEACRAEAE L | AT BRI S S B A i 4 P AT S
© ZHOR B E S HCL IR YE R A i AT SR PR AT R A
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7.2 Bt R4y 2AE Ry

I F 4 SR T LRI R P ORE R IBATIRAS SR SRS | B T BT e, R, AR
GRS T

AUTB A KBRS T —AMERIE. & 13K SRR 15 K08 (CLS_13k_NPU) , & fE A s it
FLLIE (NPU) LB BT it . 1R 256 s St B A (RFFT) RFAERIUIKLL | JF45 o6k
AL SRS ) 8 WEHHEE | B 128 TG A 4EH ARSI E LR (E 0 | it 3 TRt LR, S
TLERTRR BRI B A5

T A R JE — AN AR R INT8 (8 frfifh ) sk, miT ek v RN ERERFRE S,
DRl L 75 B AL BED BR A REAS Bl i A (R 7 2R EE R

BTG RAERIZNY

HRT 0 2 S5 R MU SRR AE AR G, He PR B B AR AT — e i 2 B, BRSO i R
NFOR , RETERITHRA. B 7-2 JBor 7 LARfE.

BatchNorm Layer #0 ’

INT8 [1,128,1,1] > [1,128,1,1]
Normalization along temporal axis

|

LinearLayer #9 (FC/Linear)
INT8 [1,64] - [1, num_classes]
Fully connected layer, Generate target class output scores

B 7-2. BHEF 54 2RHE R (CLS_13k) 2R

TUKEGRMG THEIN LR | ZZ X RIS P I HEAT ST PR AEALACBE | B ORAE AR 0 7T 27 2) A ML 2 1T, %l

MNE SR EAR A SR AL — Bk SAFGE )G |, MR N MES B REED IRRHER R . B4

GRS — B . — M WER) Conv2D JZ |, Rt EIH— LM RelU s , TEEGEE R, WIS
By B i ook il R A A AR B3R ) — A B T AER B I 4ERF I 2R E 1, | T RelU

Pod MR 22 5] RIR A5 SR IEIR At 1 b B

S ANNMERNBUG |, PR E RIS — A BIERFEIRAE | 528 8 0 P R 4 2 e R xS 2 BT

IR EETG R o IX— I R B« Sl I AR 5[] 5 I 2 P AR, A S o bt SRR AN TR B I e

AN ARRIERE SR T RGN, EH B IEH

IE 5 RO ROt A AIE PRI s R 1 O — ek i, IR N IR 48 (FC) 2, 122K 40 J i) e R4S L s BLa%
WS 21 H Br I i) 4 4550 -

RRERY iy A Ab 2R

TR SO R e — A A R INT8 (8 frfEfh ) k& TRt v ENEANEREGEESS
PRl R 2 AL BD B A RS Bl A R KA R . W, Rt A RS argmax BRIESRSEILIY , % #
AR H B R 0 B = IO 2R S T i) 2 2R 45 3L
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7.3 AN FE RN

FERIZIRAIRA T & LIF A0S Al it , & 27— A i =4eU i & - FEIERE (HETE. S8R ) |
k5 KA A7t (FLASH/ROM) Aig 4TI f7fiti 45 (SRAM).

o BMERE - BAEHEEMER AR | X E T E R OE (BREMNSIRE. EREMETERE ) .

o BAAAMESR (NAEROM ) - FEHBEMM ESEHEE (HEAMRE ) . fFEEeEm INT8 WKL
N SEEEN B — AN FATHINAAAT . R, I8 T8 B R 0 T IR WX 4% 2 2R M s B e 2 b ScE K.
B, S NRFIEZE S ARt s i S A e A (Bl , ZEEEREZE T ) .

o BIBITI MRS (SRAM/RAM) i NRFAE R /N LK R 8] 2 72 AR s sk & ((FRIERT ) Y. 4 a7 51 Y)
FrAE WG LSRN, ARERAZ O 20153 BE I ) AR DXORAFit 2 B S NSt o 8 K P N IR ) 7 101 355 g () 4
Y FE > FRE I NI EIZ 1T RAM 753K

SRR ISR |, WG EE A NATEBAL SN “HEmtEIide” BYE. b , RIS G B AT AN AL
i, A AR R L RE LA S i S N A AN (2 2 SRAM HORE PR L 5 AR 141 .

NTHBHIXFRR , K 7-5 B T BIE 0 230 A RN NRFAERC BN A7 48 b7 FH A S5 500 A 1 4
( f#f] Edge Al Studio 1.6.1 ZIRAHEATIIIR )

& 7-5. BRI NFEL T

BT (S40) A7 (ROM) A/h I = 64 BT RAM XU [ HI\ = 128 Ef ] RAM K/ | #1\ = 256 B ff) RAM A/h
TimeSeries_Generic_1K %) 5.6KB %) 2.7TKB #) 5.3KB #) 10.4KB
TimeSeries_Generic_4K %] 9.9KB Z] 1.2KB %] 1.7KB Z] 2.7KB
TimeSeries_Generic_13K %) 21.4KB %) 2.3KB #) 3.3KB %) 5.3KB

EFAMNLEE T |, fe/MORER (TimeSeries_Generic_1K) FFHAEHIZ 1T RAM G522 5 KA

( TimeSeries_Generic_4K Fl1 TimeSeries_Generic_13K ) KM RIPUf% . IXFE A G BT IR T S 83 E M
AT A7 A R G 2R e S BT RS I  IK BERLR FVRE e i, BB RAE , SEOCIRE. &0
PR VR AE B AR TR R E Fr s It 2. ML T, 4K RN 13K IR S B8 VR 2 (280, JF7E 48 Bl 51 N7
WK MAER, BEME ST RGN (M 4R, AT 2 e R A AT B R KN o
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7.4 NPU/CPU f#:gEtbE

D% Al BRI ATE S T A & gm ik ae il B 2R LE BArnl DU % A NPU |, tBAT DL L CPU. N{ET
PEREVEAS , MSPMO SDK [AI #2144 13T NPU FIZLET CPU IsZB ] | ftH Pk r 2tk , S0

o ET NPU I 258810 % Al 7~
o FLT CPU W 43258830 %% Al 7~

R T-6 B4 T PIR RN AT NPU 53T CPU 144 Al it Z IR PEREXS EE .

% 7-6. NPU/CPU R L8

HERETRES FF NPU K3t #TF CPU K%t
K RE 100% 100%
DA A A L 21.5KB 21.7KB
RAM i Fi 1458 3.3KB 3.1KB
FE SR HUER 10.75ms 10.93ms
LRI A () (AVG) 386.68uJ 393.15uJ
FEHGER 5.77ms 54.42ms
HERLRER (AVG) 236.97uJ 2039.20uJ

(1) HFEIRE AL R 2 7E B E 4T FE_process() JWIA{# fil EnergyTrace M (1.

FEREAETF SRR AT LEIPAl h, NPU s SR AE PR RE AN DU FESR b 20 B 25 10 T2k v CPU SEBLs %
FEAUHERERN B, 2T NPU B3t R ELH SR RCR | PUTIERFEIRL) 8 i, [RIIN LI RE REAE IR0

88%.

AR TSR PSRN N o B3 RGO, B THE S TR EAE CPU = AR e M LAk, SRR RTH 2 2
JE AR e ; BIE AL , 26+ NPU MIRUK LA RERIFL) 3 (A AIIEIR R4 , JF45 IR IAT REFEFFIIRZ) 74%-
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8 B4k

AR T4 A4 7T MSPMOG5187 Tzl & 1014k Al itk 7%, W BEAFRAE . ok R B AR AR
ISz 7Rl o

BART S, ASCEAH T AR ARG © TR BT A1 TI Edge Al Studio 1] T RS TRE ) TI
Tiny ML Tensorlab.

P BAIE 7% G IThEE - BRSO SEEL 74 99% I kR R, HAE(F NPU AHELIE T CPU
SEPL, HEFLAEIR RIS 15 £, BERURT 96% ; BB KA T 100% H7-FUEmZ , NPU HEFLIEIRFEAK 8 fif
HEELRERIRTT 88% -

XUeZE RS | B AR TinyEngine NPU 1) MSPMOG5187 S 1] [ % Y 57 PR i N\ Ui A i A6 8 Al (A 2L
ST

9 ZHHH

1. MRS (TI), BA 128kB [NfFE. 32kB SRAM. USB 2.0 FS. 12S. ADC #i TinyEngine™ NPU f] 80MHz
Arm® Cortex®-MO0+ MCU , 7= 5 Vi .

2. IR (TI) , MSPMO G %71 80MHz ##5#]7 , RS % Ft.

3. EMAXEE (TI) , MSPMO0G5187 LaunchPad™ JF & B pE i | 7= 5 T .

4. FEMACE (TN, LAl 1# 7T Arm® Cortex®-MO+ MCU 211 A #7755 EA F i #5E | $AR

5. fEJNALES (T), TI #9 TinyEngine™ NPU & & Z A 20 7 ZFH10 % Al ERET) , 72k LTI

6. FEMAXEE (TI) , % Al 1£%%% BoosterPack™ £ i1, 7= W .

7. fEINACES (TN, EH TIRdEHE (MCU) #7807 1A, 728 T .

8. fHEM{XAE (TI), CCStudio™ 1%k Al BAFIF R T H , P25 JUH .

9. fHEJHALEE (TI), Tiny ML Tensorlab GitHub f74i# % , [T,

10. NS (T1) , Tiny ML Tensorlab F J' 46w , P

1. FEMALES (T1) , TIMCU #2248 4m % 28 FH P 481, M.

12. IR (TI) , MSPMO 24 Al /1 755 , BIREHES .

13. RS (T1) , & MSPMO kA i 5745 - FIH G4 Al 217 I IRt iy, Nt

14. IR (T1) , Tiny ML TAERFE R Python IS | E2E™ SCRETRMA

15. PyTorch , What is torch.nn really? , BT

10 BT P sBid 3%

T o DARTRRCAS B DUR5 AT B8 55 24 17 AR A (1) TS AN [F]

Changes from Revision * (June 2026) to Revision A (October 2026) Page
I 8 /a1 OO 3
T T UL Al L E T e 5
I B/ Y B Ny I e OO 5
L CE T B o o =0 Y IR (Lo Lo Rt N 5
S CF T O I 103 /R =Y YYo= o e 7
T T T R P I S T ettt 7
o ININT 81 TI Edge Al Studio 77 R SEZH 1T T oo 9
I L= a0 A < F T U TSSOSO RSO RR RSN R T 9
I T T T 1 ettt 11
NS [V R 2 o =i < 11
I L 271 2.« TR 12
N R e RO 13
N 0 e OO 13
N 2T e S F OO 14
I L/ 2 - <R 15
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OO N INIEEE3 27 < < DTSSR 15
OO NN /72 S DTSSR 16
TR T BB A5 71 oottt ettt ettt ettt ettt ettt ettt e et 17
TR T G R 1 ettt ettt ettt ettt ettt 19
I T L B I 71 ettt ettt ettt ettt ettt ettt ettt et et e et et e e e e et et ee e 20
S N 3 7 & i = FUTT T U U T U TSSOSO RR SR 20
DI L < = A SRS 23
o WINT L TI Tiny ML Tensorlab 77 R — T e oeeeeeeeeeeeee ettt 25
R T B I 1 e oottt ettt ettt ettt ettt 25
I T B T oottt ettt ettt ettt ettt 26
I T A 2 1 oottt ettt ettt ettt ettt 26
N 52 L 2/l < F TR 26
S B d A p Ak 7 e« NS 28
TR T ZEZE ST 71 ettt ettt ettt ettt ettt ettt ettt ee e 28
o ININT ST PyTorch /A B BB FTHE A T oot 29
N NN SL 5= 2= 4/ A s = DU TR U USSR RSO SRPRP TP PRRPRPRPTTN 30
O TRIN T ZLVEFY CININ ZE B T oottt ettt et et ettt et et et et et et et et e e e et e e e e e eee e e eeeeeeeae e 30
I L 2= OSSR PRSP 31
& TR T BB I ZE 71 oo ettt ettt ettt ettt ettt ettt 32
TR T BB 1 1 oottt ettt ettt ettt ettt ettt 33
T T U Al T - BT =0 oottt ettt ettt ettt ettt ettt ettt e 35
o T T LEONGE-5 LK CININ FEZE T oo ettt et ettt ettt et et et et e et e e e e e eae e e 35
o THIT T CNPU/ICPU PEBE 7 T 28 B3ttt et ettt ettt et ettt et e et e ee e 36
DO Sl N NN A3 s s by LA 5 = RO S 37
o T T FFAEFEAT 2R T4 BIBREE oo ettt ettt ettt 38
T T T T ZEBEZE 0 oo ettt ettt ettt ettt ettt ettt ettt 40
o M T BT I T R 3L TIZRE To5 oo ettt ettt ettt ee e 41
o FHH T NPU/CPU FEBEHEEE — BRI STARFIZE T8ttt ettt e ettt e e e s 42
I = e F SRS 43
T T B B B B oottt ettt ettt ettt ettt 43
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ERBEANRRFH

TIEEF BEEAM T EEHE (@FRER) . RIUTAER (SRR ) . MAREMRITRY, WETE, RLEENEMER , T
RIEXAREE T HEEMARRERNER , SFETRTEHE Y. SEREARKNER SR TRIDEMSE =75 MR RA R RER,

XLEFRAEER TI =R TRITNASTRARER, BFETREUTEHIE : (1) HNENHMARESEN TIFR , (2) ®it, B
EANHEHNA , ) BRENMABEMRREUREMERSE, ZRENAFEMBER,

REFRMALTE , AR5 TEHM. TI RGN TRXLETRATHARZFEMRE TI =@mOMEXNA, FEARMEFANXLERRHITE
FRERT. BENERAFEMEM TI MRS RFEME=FHIR=N. N TEENXLEFROEATX T RERAKRERNEATRE, RE.
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