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1-1. Industrial “Infrastructure motor” ROHM

® To implement CBM* by monitoring the condition of machines/equipment and “maintaining them if an anomaly is ‘féf'SOliSf-Al
detected.” --> Time-consuming to design detection that suits each machine
--> Solve the problem with Solist-AI™!

* Traditionally, maintenance was often carried out after a breakdown occurred, or after a certain period of time had
I nfra Stru Ctu re motor passed, using TBM(Time Based Maintenance). However, recently the trend has been for more efficient maintenance
to be achieved using CBM(Condition Based Maintenance), which allows equipment to continue operating as is unless

there is an abnormality.

Normal
Voltage Y\ > SolistfAL" IC ==y or
Power N Anomaly
Sensor
Motor current >_
Torque B Urgency
(Torq )_ —p Sollstﬁ ™ IC # Inspection/
Accelaration1 X,Y,Z m Emergency repair
Accelaration2 X,Y,Z
AE
Temperaturel — SOIiSt!R‘ ) 1 ' Lolaodstﬁiﬂwue
_Training_, Prediction N P k. '
~ 1= 2 Outside Temp.
.k Normal Load eccentricity— >}« Outer damage — etc. . Switch to control
Input data to AT § e B Bl of the load bearing / »SOI|S%TM IC * Mode 1.2, +-+. 5
Acceleration X [G] z T T ' T ™ T W R 1 <y 7
. 1 - Example
: : : : ® Anomaly detection during operation
"""-T ) B ) B v/ Cannot be detected by existing detection rules
Acceleration Z [G] i FT e —— e — re—— s —— . " o ]
‘ : : : : v Difficult to create detection rules because of changes
k o Normal Load eccentricitye f(t)#t?r d:,t,;ag? depending on usage/environment/aging
Output data from AL or ihe foac bearing ® Determine whether manufacturer repair is necessary
Anomaly score [-] 1F . . . o
I | | | | | | ® Prediction of non-sensing quantities
0 S ek o .
0 1 2 3 4 5 6 7 8 9 ® Switching of appropriate control modes
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1-2. Industrial “Infrastructure motor/Machine tool”

Hd-Solist-Al

® Acceleration sensor/AE sensor + Solist-AI™ monitors machine vibrations.

Detects "anomaly" vibrations and prevents long/short stops!

Solist-AI™ IC board + AE sensor

Points
O In the case that on-site data is unique and no other

competitors or companies that handle similar data

» Little point in using big data from cloud. Just noise.
» Solist-AI™ can learn from on-site data.

[Conventional AE sensor analysis]

[New analysis using Solist-AI™]

The indices output by the AE sensor
(Maximum amplitude, Average, Energy,
Count) are plotted in multi-dimensional
space, and changes in the machine's
condition can be read from their trends.

Al input : 4 indices of AE sensor
(Maximum amplitude, average, energy, count)
AI output : Anomaly score

O Summarized into one index, anomaly score.

O In the case that there is no cloud environment on-site

O Easy to design the threshold and judge
» Solist-AI™ can train without cloud

O Possible to judge even if you do not understand
the AE phenomenon.

Caution

AE sensor
pickup
i Z

Normalj\

= . g OF--=-=-=-=--=-- - Danger threshold
Solist-AI™ IC board + Acceleration sensor 8 QF------ -~ Caution threshold

[ Created by “EcoSystem Partner : DATATECNO” ]

Time

[AE sensor solution FIRST AE + Solist-Al™]

Exhibition “Factory Innovation Week Nagoya 2024, RoboDEX”
“Use AI to analyze and detect anomalies at early stage”
> Detecting bearing anomalies (rust, poor lubrication)

Shinwa Industries AE sensor

Visitors' comments
"AE sensor data is difficult 1
t

H#-Solist-Al

nnnnnnnnn

to handle, but it's good tha
Al can handle that part. I
hope it goes on sale soon."

(2emE)

? "Solist-AI™ IC is attractive not
B Q pe— only because it is equipped with
i i A e N = Al, but also as an inexpensive
Case dimensions m N e — = , MCUlthat can perform FET i
135 x 76 x 35mm I a - e hardware.
: ; Motor/
Solist-AT™ Bearing GWhen considering introducing
OlIst-

other companies' Al, it costs
money. ROHM provides Solist-

AI Sim free of charge, making
it easy to consider."

P.5

evaluation utility

Solist-AI™ board
Machines for demonstration

> Demonstration at the exhibition "EdgeTech+ 2024" Shinwa Industries booth

Board and module images: Provided by DATATECHNO © ROHM Co., Ltd.



1-3. Industrial “Infrastructure motor/Manufacturing Machinery/Robot”

ROHM

SEMICONDUCTOR

® With Solist-AI™, you can detect anomalies in motor loads on manufacturing machines s

and robots, all at the edge!

Hd-Solist-Al

Current Harmonics + Solist-AI™ --> Easy CBM!

Detecting motor load anomalies/adjustment timing

The motor itself does not break down very often
Many "adjustments" are made in response to changes in external load
--> Beneficial to detect external load anomalies/adjustment timing

--> Achieving CBM!
(Respond when maintenance/adjustment
is truly necessary.)

AI processing
--> Detection of

anomalies/adjustm
ent timing

Solist-AI™ IC can also control
the drive of BLDC motors.

Coupling

[Current Harmonic Analysis]

Robot anomaly detection/adjustment timing detection/trajectory control

Robot anomaly detection/control is a kinematics or dynamics problem.
--> Robot engineers' targets are dynamic anomaly detection, adjustment, and trajectory control

--> Al excels at anomaly detection and trajectory control using a large amount of input data.
Because Solist-AI™ is small-scale, it can process partial data from the robot.

--> For example, issues regarding the end effector (the edge of the robot arm)

Kinematics Dynamics

My0+h(6,0)=1

Described by
differential equations

x = f(6)
Equations without derivatives
(geometry problems)

Current sens. --> FFT/analysis -->Anomaly mode

?\) identification
Motor

Bearing

Belts & Pulleys

1

Coupling Reduction
Bearing Bearing Gears
/ 1 2\
[ — /
L1
/B Q A L@
2ed 3rd 4th 5th 7th 8th 9th 10th
4th 5th 2nd 3rd 10th 7th 8th 7th
3rd 2nd 3rd 4th 9th Sth 7th 8th

[Input of current harmonics into Solist-AI™]

Current sens. --> Solist-AI™ --> “Not normal”

% E i Motor
Coupling

Bearing

Reduction
Gears

Belts & Pulleys

1

Bearing Bearing I .
| I

%]

A M

=

Ref. : Y.Kobayashi “Could Robots Be More Intelligent?” MORIKITA PUBLISHING

Ref.: J.Nitta, H.Yoshikawa “Development and Application of Higher Harmonics Diagnosis Technology
for Electric Equipment” Japan Society of Maintenology, 2019.
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1-4. Industrial “FA Sensors, Product inspection”

ROHM

SEMICONDUCTOR

"numerical values"!

Previously, anomaly detection/condition identification required analysis by engineers. The collected data could not be fully
utilized. --> Sensors + Solist-AI™ eliminates the analysis and resolves the issue by converting sensor data into usable

Hd-Solist-Al

Detecting deterioration of photoelectric sensors Stratification of product test data (Supervised)

Actual cases from the past:

 According to analysis of deteriorated products

« After being shipped, the amount of reflected light from photoelectric sensors gradually decreases
over time, making it impossible to detect the presence or absence of an object.

-

Q.=

1. The LED light emission amount decreases

3. The degree of deterioration is strongly dependent on
individual sensor differences/mounting variations/usage environment

4. A large variation in the amount of received light from the time of
manufacturing the set product with the sensor attached

Past provisional solution: Changed threshold from absolute amount to ratio
Remaining Issues:

values for each device!

2. The filter transmittance in front of the light receiving element decreases

Measurement spot for
the presence or absence
of a detection target

« The decrease in the amount of emitted light over time. --> The data into Solist-AI™!
« The amount of received light decreases over time. --> The data into Solist-AI™!
- Difficult to design a common threshold value --> Solist-AI™ sets appropriate threshold

* A detection is required to check whether the function itself is normal. --> Detect with Solist-AI™ !

! th tical axis.
along the vertical axis Light ratio

Training, Prediction o

The graphs here are IS e S |
examples for specific Iréﬁ:'ittgsta"toht\l - | ~ .
units, installations, and g lig Ll ~
usage environments. - -

. Input data to AI ~ .
If conditions change, Receiving light |
each graph will change - :
as it is shifted/scaled J

/ Input data to AI A A o~

/\/-\

<10

Anomaly score

Output from AI
(Deterioration Index)

| As the cumulative number of measurements increases, the degree
of abnormality increases. (Verification is required as to whether
this is an appropriate indicator of deterioration.)
L LA |_cumulative number of measurements,

1 7 4000 10000 17000 24000 30000

37000

56000

44000 50000

The task of classifying products into
four layers based on product
inspection data

Type E (No.1—No.51)

E

Type D (Ne.1—No.51)
Aﬁﬂ;’.h____..

D w 10 0
Measurment point -]

b " - "W\
& / & o
¥ A I Eid/, - -]
P

"

TypeCNo1—Nosy) | | L.

Stratified data

C

alue (]

PR

Joe F (No.1—No.51)

50 = a0 o A
Measurment paint [- Measurment point [

Even in the same layer, there are “variations” in the data due
to individual differences, differences in measurement times,
and differences in the measurement environment.

--> Difficult to develop a rule-based stratification algorithm.
Even when data variability and ambiguity are significant,
stratification may be possible using AI.

--> Consider stratification using Solist-AI™!

> < <
Je P LLSIBIEIE)

Training Prediction

D)LE

Ty e
e

Indicators

for each layer

¢ d The predicted by Al is E.
—rr—g (Only the index e was large.)
oy o, ey ,r—~«vx\/\—\,h,r\1

Input data to AI
(Inspection data)

Output from AI
(Indicators s
for each layer) B

=== =2 |

When the correct answer is E,
only the index e is large.

Correct answer |-
(Indicators : x X
for each layer) |-
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1-5. Industrial “Server equipment, Odor sensor, Printer” ROHM

® FA Sensors + Solist-AI™ --> Add new value to your sensors! d-Solist-Al
® Solist-AI™ can detect when the condition of the printer, the print quality, is anomaly.

Server equipment anomaly detection (unsupervised), state identification (supervised) Printer print quality adjustment (supervised), anomaly detection (unsupervised)

D'I’s':zézgzn [Easily adjust]| > Adjust quality indicators from printer model standards to individual

printer standards!

Printing - _ Correction
>condition settings>> Printing > Qua g >condition settings>

Decode

the operation and status of each server device varies

widely.

> FA sensors (temperature/sound/light) monitor the
status of each server device, and Solist-AI™
detects anomalies.

Decade

Conditions Value Edge 4 Edge

:E Defects 3 Determination Defects
Application period |XXX mm/s E=E EE 2 Symbol .
- - Decodability’ A Contrast | [Pecodability )
application energy |Level 1/2/3 | | iimi W10 W0 |

Data Center

“IMin.
Quiet Zon Ref Quiet Zone
UL D _ e

WMin. Edge Contrast Modul Min. Edge Contrast

Modulation_Min_Edge Contrast

Floor switch

Internet > A series of adjustments --> quality indicators --> adjustments --> quality indicators

--> ... are considered as inputs and outputs, and trained by Solist-AI™.

. . o ; ™ ; ; - =
Realization of “Portable Odor Sensor” (Supervised) > Solist-AI™ automatically adjusts. et S

Voltage

® Odors (bad breath, 9 ] incipl '-:7 = H > |[Anomaly detection at the edge]
unpleasant odors, aromas) [Laser printer principles] —a = - Th irring fi d
are composed of a balance of Recovery blade > ettOIQer Stlgrlng Ini an
various gas components. '% Z Wiper blade was e' oner ranspor. screw
® An odor sensor is made up Drum 2 e L Charging Roller are driven by a stepping
of multiple types of gas = motor.

sensors. [
® Measuring "odor" requires XIYaarslst‘)?)ct)?tnszrew > The motor steps out due
ur r_requir arg to an anomaly load
analysis that takes into .
account the responses of (—Laser light > Gears jammed
— multiple types of sensors, > Paper dust adhesion to
% which is difficult with ANSCriDto Developing — sliding parts
portable devices. Toner stirring fln] > external impact
> Solist-AI™ can outputs .
[_/ - . [_I. | I . - I I} Odor-levels based on Magrola o > Waste toner Jam )
multiple sensor o Toner (magenta) » Detect step-out with
Four types of gas sensors inside. " g Solist-AL™
Each component has a different response. responses: S Blade olist-

© ROHM Co., Ltd. P.8



2-1. Tools/Construction machinery/Agricultural machinery

® A variety of businesses use agricultural and construction machinery. There are various types of cloud environments .5350“51-_A|
and on-site environments/usage methods..

--> Cloudless is essential for anomaly detection. On-site learning is appropriate. --> Let’s start Solist-AI™!

] i Normal
Tools/Construction/Agricultural acvorage ) > Solif®Rie 1C "
DC voltage " Anomaly
Power >_
Motor current
S:::;?:rea)tion 1 — SOII%M IC _> Inspectiolr{/légwee?gcezcy repair
Displacement1
AE
(Stress) > SOl SRR [C e L0 stress
(Pressure) "N 350 MPa
Temperaturel 7
Example ete. > Soli SRR IC ————p Switch to control
® Anomaly detection during operation : Y

v' Cannot be detected by existing detection rules
v Difficult to create detection rules because of changes depending on usage/environment/aging

® Determine whether manufacturer repair is necessary, prediction of non-sensing quantities
and Switching of appropriate control modes

© ROHM Co., Ltd. P.9



3-1. Kitchen appliances/equipment

® Anomalies that could not be detected by rule-based methods during the operation of home appliances, and .5350“51-_A|
processing time predictions that tended to have large errors under certain conditions.
--> By effectively utilizing the nonlinearity of AI models, Solist-AI™ can detect and predict!

Kitchen P Normal
Temperaturel ) —> SOIIS,%” [ C )y or
Temperature2 > : Anomaly
~K ) Current
/ Voltage —> Solis,t'—AtI"‘" JC ===y 25 min. to complete
E 4 —— I‘ etc. <
-m_ Cooking quality
{; — —> SolistgAK" IC # Very Good/Fairly/ - -/Not good
h—=== - )
- Normal
de\l or
Example WO Anomaly
® Anomaly detection during operation —> Solis,t.-AtI“‘" IC
v' Cannot be detected by existing detection rules S

Mo
a, .
v Difficult to create detection rules because of changes depending on usage/environment/aging 3™ 25 min. to complete

® Prediction of processing time for "cooking", "ventilation", etc.

v Improve prediction accuracy for conditions where the accuracy of existing prediction rules is poor.
(effects of specific usage conditions/environment/aging)

© ROHM Co., Ltd. P. 10



3-2. Air conditioning appliances/equipment

® Anomalies that could not be detected by rule-based methods during the operation of home appliances, and “!3‘50“51‘-A|
processing time predictions that tended to have large errors under certain conditions.
--> By effectively utilizing the nonlinearity of AI models, Solist-AI™ can detect and predict!
m Normal
] - ] - = - ™
Air conditioning > Solisggge [C=———b o
= AC voltage X Anomaly
DC voltage .
}— M Environment
Motor current —> SOlISIFAIR" IC mmm = 1,2 - 5
(Torque)
Accelerationl ) :
) > Soli SR IC == SWitch to control
Displacementl g Mode 1, 2, -+-, 5
AE
Room Temp. > Soli SR IC=——mp _ RECOMmended
: N filter cleaning date
Outside Temp. 3

Y ) | soli SR 1€y Torgue
Example ete. \
P Anp - - - m Model 1 Normal
omaly detection during operation — SolistEAR™ IC or
v' Cannot be detected by existing detection rules N P Anomaly
v Difficult to create detection rules because of changes depending on usage/environment/aging 0‘7@/2

® Identifying the surrounding environment/usage/deterioration over time

® Switching of appropriate control modes, Predicting suitable parameter changes
and Prediction of non-sensing quantities

Increase Gain A

© ROHM Co., Ltd. P.11



3-3. Bathroom appliances/equipment

® Anomalies that could not be detected by rule-based methods during the operation of home appliances, and .53‘50“51-_A|
processing time predictions that tended to have large errors under certain conditions.
--> By effectively utilizing the nonlinearity of AI models, Solist-AI™ can detect and predict!
m Normal

Bathroom N [CSolsgeR e o
Room Temp. s Anomaly
Outside Temp. .

}— M Environment
- ' TM ﬁ

Humidity — SOIIS‘% IC Condition 1, 2, +--, 5
Temperaturel )
Temperature2 2N [ C gy SWitch to control
Voltage — SOI'S’% IC Mode 1, 2, -+, 5
Motor current
(Torque) > SOl i SR 1C = RECOMMeNded
(Weight) N drying time
Illuminance

y —p SOllgm;'AIgTM IC ﬁ Wet clothing weight

4.5 kg
Example ete.
: - : m Model 1 Normal
® Anomaly detection during operation — SolisteAR" IC or
v' Cannot be detected by existing detection rules R > Anomaly
v Difficult to create detection rules because of changes depending on usage/environment/aging °<7@/
2

® Identifying the surrounding environment/usage/deterioration over time

® Switching of appropriate control modes, Predicting suitable parameter changes
and Prediction of non-sensing quantities

Increase Gain A
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3-4. Desk appliances, cleaning appliances/equipment

® Anomalies that could not be detected by rule-based methods during the operation of home appliances, and

processing time predictions that tended to have large errors under certain conditions.

--> By effectively utilizing the nonlinearity of AI models, Solist-AI™ can detect and predict!

Desk and Cleaning

Example

® Anomaly detection during operation
v' Cannot be detected by existing detection rules

v Difficult to create detection rules because of changes depending on usage/environment/aging
® Identifying the surrounding environment/usage/deterioration over time

Voltage

Motor current
(Torque)
Room Temp.
Temperaturel
Temperature2

Photoelectric
Sensorl

Operating time

VOCs

Battery cell volt.1

Battery current

Hd-Solist-Al
m Normal
—> SOliIStFAR" 1C =—— or
3 Anomaly

J
etc.

— Soli‘s',"t-’AtIg"‘" IC — Environment

Condition 1, 2, ---, 5

< Mode 1, 2, --+, 5

> SO'I‘S‘M;-AI!TM [C m——] Switch to control

Recommended

— Soligi:-’{-\“lﬂ"I IC > Garbage disposal day

> ol 1 — "ecpmmended baten

Normal
. Model 1
—»smu“"'st;A!‘I&M IC — or
S P Anomaly
Oqe/e

Increase Gain A

® Switching of appropriate control modes, Predicting suitable parameter changes

and Prediction of non-sensing quantities

© ROHM Co., Ltd. P. 13



4-1. For pre-processing only or as hardware for implementing other algorithms

® The window and FFT of the Solist-AI™ IC are calculated at high-speed using HW circuits. Real-time pre-processing!

Hd-Solist-Al

® Small algorithms based on neural networks or linear matrix operations may be implemented on Solist-AI™ IC.

Real-time pre-processing with FFT on Solist-AI™ IC

Use Solist-AI™ as HW for implementing other algorithms

O In the Solist-AI™ IC, not only Al processing is performed, but also
window functions and FFT are calculated at high-speed using
hardware circuits.

O You can also use the Solist-AI™ IC's window function and FFT to pre-
process data in real time and pass it to your AI algorithm.

> However, at present there are no plans to develop an IC that
only performs pre-processing and does not include the AI
function.

AD conversion,
Window, FFT

Your Algorithms
(Cloud CNN)

Pooling

SR . i

Input

Current
Torque
Vibration

7 Fully
— connected

Convolution

Equivalent to

a spectrogram

O Solist-AI™ is a three-layer FFNN (Feedforward Neural Network).

O Other algorithms may also be able to perform high-speed
calculations using AXICORE-ODL in the Solist-AI™ IC if they are
based on networks similar to FFNN or linear matrix operations.

» However, due to various constraints, we cannot guarantee
that your algorithm/network will be implemented in its
original form.

MT method

Reservoir Computing  (Mahalanobis-Taguchi method)

PCA

(Principal component analysis)

Other algorithms

© ROHM Co., Ltd. P.14




Notes

B The information contained in this document is intended to introduce ROHM Group (hereafter referred to as ROHM)
products. When using ROHM products, please verify the latest specifications or datasheets before use.

B ROHM does not warrant that the information contained herein is error-free. ROHM shall not be in any way responsible
or liable for any damages, expenses, or losses incurred by you or third parties resulting from errors contained in this
document.

B The information and data described in this document, including typical application circuits, are examples only and are
not intended to guarantee to be free from infringement of third parties intellectual property or other rights. ROHM does
not grant any license, express or implied, to implement, use, or exploit any intellectual property or other rights owned or
controlled by ROHM or any third parties with respect to the information and data contained herein.

B When exporting ROHM products or technologies described in this document to other countries, you must abide by the
procedures and provisions stipulated in all applicable export laws and regulations, such as the Foreign Exchange and
Foreign Trade Act and the US Export Administration Regulations, and follow the necessary procedures in accordance
with these provisions.

B No part of this document may be reprinted or reproduced in any form by any means without the prior written consent of
ROHM.

B The information contained in this document is current as of April 2025 and is subject to change without notice.

ROHM Co. Ltd.

R 0 H m 21 Saiin Mizosaki-cho, Ukyo-ku,
Kyoto 615-8585 Japan

SEMICONDUCTOR

Catalog No. : 6BANOO9E Rev.001
WWW. rohm.com Document No. : CTD_MBDG_68_002 © 2025 ROHM Co., Ltd.
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