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ANO0287
Application Note

Anomaly Detection by K-means

Introduction

This example runs on AT32F403A MCU and uses LSM6DS3TR-C nine-axis sensor to collect
vibration data (X-axis acceleration). It establishes normal operating state characteristics through a
self-learning model and detects abnormal vibrations during operation.

Main functions of system:
B Self-learning: Collect sensor signals under normal conditions and establish a model
B Real-time detection: Calculate the deviation between the real-time signal and the model

B Anomaly alert: Turn on the LED and display a prompt when deviation exceeds the threshold

Applicable products:

AT32F403A series
Part number

AT32F407 series
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1.1

1.2

Note:

1.3
1.3.1
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Resources

This section mainly introduces the required hardware/software resources and on-board devices.

Hardware requirements

One AT32-EdgeAl-Sensor-EV Board is required. It is a development board based on AT32F403A,
integrated with multiple sensors, and it includes the following devices:

B Main control MCU (AT32F403ACXT7)

AT _Link_EZ

0.96’' OLED display

3D magnetometer (LIS2MDL)

3D accelerometer / gyroscope (LSM6DS3TR)

Figure 1. AT32-EdgeAl-Sensor-EV Board
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Software requirements

The below application code is required. Path:
B SourceCode\AN0287_SourceCode_V2.x.x\project

All projects are built around Keil 5. If users want to use in other compiling environment, refer to
AT32F403A_407_Firmware_Library V2.x.x\project\at_start_f403a\templates (such as IAR6/7, Keil
4/5) for a simple modification.

On-board devices

0.96’ OLED display

A single-chip SPI OLED display with 128*64-bit GDDRAM (Graphic Display Data RAM) is used. For
detailed specifications and the MCU user manual, please refer to the documents in the following
directory:

B SensorDataSheet\0.96_ OLED

Circuit of 0.96° OLED display on AT32-EdgeAl-Sensor-EV Board:

5 Ver 2.0.0
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Figure 2. 0.96’ OLED display circuit diagram
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1.3.2

3D accelerometer / gyroscope (LSM6DS3TR)

The 3D accelerometer / gyroscope (LSM6DS3TR) is a system-in-package featuring a 3D digital
accelerometer and a 3D digital gyroscope performing at 0.90 mA in high-performance mode and
enabling always-on low-power features for an optimal motion experience for the consumer. For

detailed datasheet, please refer to the documents in the following directory:

B SensorDataSheet\LSM6DS3TR

Circuit of LSM6DS3TR on AT32-EdgeAl-Sensor-EV Board:

Figure 3. LSM6DS3TR circuit diagram
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2 System working flow

H Power On
Initialize sensors, OLED, serial ports and other peripherals.
Read the last saved model from Flash.

Model found — Enter DETECT mode
Model not found — Enter LEARN mode automatically

B Learning Mode
The system collects 200 sets (LEARN_WINDOWS = 200) of normal state data.

Extract 8-dimensional features (mean value, variance, RMS, extreme values, skewness,
kurtosis, etc.)

Adaptive update of the model centroid.
Calculate after the learning is completed:
threshold = mean + K * std

where,
K: refers to the macro definition “AUTO_THRESHOLD_K” used to adjust sensitivity

OLED display switches to “Mode: DETECT”.
B Detection Mode
Real-time sampling data.
Calculate the distance (score) between the current feature and the model centroid.
Smoothing processing (average of the latest 10 scores).
Score > threshold — Anomaly detected, and LED turns on.
Otherwise, OLED displays “Status: OK”.
B Button Behavior
Press the USER_BUTTON:
The system waits for 2s (to guarantee stability of vibration).

Clear the old model and restart the learning process.
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3 Code

3.1  Model algorithm

The model uses a simple online clustering and Euclidean distance detection algorithm:

1. Feature extraction

feature = [mean, std, rms, max, min, skew, kurt, rms/(max-min)]

2. Learning (update rule)
Cm:'u.-‘ = Cold 0—'(1‘ Cufcf)
3. Detection (distance metric)

score = mkin||:t: Ch|

4, Threshold

threshold = mean + K x std

3.2 OLED display

Table 1. OLED display information

Display information Description
Mode: LEARN Normal learning state
Learn 120/200 Current learning progress
Mode: DETECT Detection mode
Score: 0.35 Current feature-space distance
Status: OK Normal state
Status: Anomaly Abnormal vibration is detected

3.3 Macro definitions

Table 2. Macro definitions

Macro definition Description Default value Ee:ﬂoﬁmmended
LEARN_WINDOWS Number of learning samples 200 100~500
SCORE_AVG_WINDOW Smoothing window length 10 5~20
LEARN_RATE Learning rate (centroid update rate) 0.05f 0.01~0.1
AUTO_THRESHOLD_K Anomaly threshold multiple 3.0f 0.01~5.0

2025.11.07 8
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Example project

This section introduces how to use the example project provided by this application note. The steps

are as follows:

1) Open the MDKS5 project file under
“AN0287_SourceCode_V2.0.0\project\anomaly_detection\mdk_v5” and then compile. As
shown below, the left column displays all the code files required for the project:

Figure 4. MDK project

File Edit View Froject Flash Debug Peripherals Tools SVCS Window Help

== - [ | o == B hysteresis VR a- e o &-|a-a
& e ¥4 | anomany_aetect PN -]
Project L~ | ] main.c - x
5% Project: anomaly_detect | 20
= %3 snomaly_detect 41  int main(void)
55 user 42 Bt
43 2 -12 = I2C1;
1] at32f403a_407_clock.c s AreE.izex
1] at32f4035_407_int.c a5 system_clock_config():
) mainc 46 at32_board_init();
=& bsp a7 button_exint_init(
a8 uart_print_init
[] at32f403s_407_board. o spil config ()
L1 i2c_spplication.c 50 tmré_config();
5 oled 51 i2c config(ehilex);
1) oled.c 52 delay_ms(200) ;
. 53 oled config();
i Jaxis 54 lsméds3tz_c_init():
[ 9_axisc 55 OLED_ShowString (0,20, (u8 *)"ndcl0oB0: CH" )
[ tis2mdl_reg.c 56 OLED Refresh():
[) Ips22hb_reg.c 57
_] Jsméds3t 58 Try to load el from Flash
smbdsatr-c_reg.c 59 if (load model from flash(smodel))
53 cmsis 60 =l (
[ system_at32f403a_407 61 printf ("Model ", model.threshold);
[) startup_at32f403a 407 Gz OLED_SnowString(
63 button_flag = 0; /
5 5 firmware =, =
[ at32f4032_407_dma.c 65 else
1) at32r403a 407 crm.c 66 t
1) at32f403a_407_exint.c & princt ("No model

68 model_init(smodel, 1

7
L] at3204035 407 flssh.c 69 OLED_ShowString (0,0
[] at32f4035_407 i2c.c 70 button_flag = 1:
[ at32f403a_407_gpio.c 71 }
(] at32f403a_407_misc.c e
73 printf ("System
U at30fd032 407 spic | 74 OLED_Showstri it OK )

1) at32f4032_407_tmr.c
[] at32f403s_407_usart.c
[] at32f403a_407_debug

OLED_Refresh();

= 5 model vhils(l)
1) anomaly_model.c ADD: check b B
| | ol if (button_pressed_: - N
= Project| @ Books | {} Func...| Oy Temp..| || < 5
Build Output o ||

2) After successful compilation, connect to AT _Link_EZ for downloading. The serial port runs as
follows:

Figure 5. Serial port print result
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3) When an anomaly is detected, the OLED displays the results in real time.

Figure 6. OLED output result

4) To better align with practical applications, the AT32-EdgeAl-Sensor-EV Board can also be
mounted on the device to be monitored for real-time learning and detection. For example, it
can be used to detect fan anomalies (as shown in the figure below).

Figure 7. Fan anomaly detection

5) For a more intuitive understanding of anomaly detection, you can click the below hyperlink to
view the video demonstration.

Anomaly detection by K-means-AT32F403A
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5 Revision history
Table 3. Document revision history
Date Version Revision note
2025.11.07 2.0.0 Initial release.
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IMPORTANT NOTICE — PLEASE READ CAREFULLY

Purchasers are solely responsible for the selection and use of ARTERY'’s products and services; ARTERY assumes no liability for purchasers’

selection or use of the products and the relevant services.

No license, express or implied, to any intellectual property right is granted by ARTERY herein regardless of the existence of any previous
representation in any forms. If any part of this document involves third party’s products or services, it does NOT imply that ARTERY authorizes
the use of the third party’s products or services, or permits any of the intellectual property, or guarantees any uses of the third party’s products

or services or intellectual property in any way.

Except as provided in ARTERY’s terms and conditions of sale for such products, ARTERY disclaims any express or implied warranty,
relating to use and/or sale of the products, including but not restricted to liability or warranties relating to merchantability, fitness for a
particular purpose (based on the corresponding legal situation in any unjudicial districts), or infringement of any patent, copyright, or other

intellectual property right.

ARTERY’s products are not designed for the following purposes, and thus not intended for the following uses: (A) Applications that have
specific requirements on safety, for example: life-support applications, active implant devices, or systems that have specific requirements
on product function safety; (B) Aviation applications; (C) Aerospace applications or environment; (D) Weapons, and/or (E) Other
applications that may cause injuries, deaths or property damages. Since ARTERY products are not intended for the above-mentioned
purposes, if purchasers apply ARTERY products to these purposes, purchasers are solely responsible for any consequences or risks
caused, even if any written notice is sent to ARTERY by purchasers; in addition, purchasers are solely responsible for the compliance with

all statutory and regulatory requirements regarding these uses.

Any inconsistency of the sold ARTERY products with the statement and/or technical features specification described in this document will
immediately cause the invalidity of any warranty granted by ARTERY products or services stated in this document by ARTERY, and
ARTERY disclaims any responsibility in any form.

© 2025 ARTERY Technology — All rights reserved

2025.11.07 12 Ver 2.0.0




	1 Resources
	1.1 Hardware requirements
	1.2 Software requirements
	1.3 On-board devices
	1.3.1 0.96’ OLED display
	1.3.2 3D accelerometer / gyroscope (LSM6DS3TR)


	2 System working flow
	3 Code
	3.1 Model algorithm
	3.2 OLED display
	3.3 Macro definitions

	4 Example project
	5 Revision history

