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High-Resolution and High-Speed Inspection Technology for CT-Type Automated X-Ray Inspection Systems

Makoto SHICHIRO™

AT UHREHA VF AN YT =R A= 3 Y EVRAS VNS — Y AT AR X R Y A T ASEIRE SRR 2 3 (F 5250035 #%

FURBHH R E 2 T H 2-1)

' Development Group 2, Automated X-ray Inspection Business Div., Development Dept., Inspection Systems Business Division HQ, Industrial Automation Company, OMRON

Corporation (2-2-1, Nisikusatsu, Kusatsu-shi, Shiga 525-0035)

BIE 04, PEMko 3D SEZEBANAHEIR T W T, MR R R A OB X Y, fEko X BB TR
A —REEEIC 2 > TV, ARTE, SNSOBREICH L, bivbha st L7z CT B X H B VI-X950 O HAl
IR A FRAT 5o VT-X950 1&, #550ae X S, Dbk FPD, EHedfRIC & 2 b, AL#BIC X 2 HB)L > E A

Lo AR E A ADE L Z LT, 0.2 um/pix OFEFEH2OEHE S CTRAEZFEH L T2, AHMICLD,

S#EF

FVEEE % 5 AR OMERGE, WM ORHE, 25 S TROBR E hUFHICHKL Tw <,

Abstract
With recent developments in 3D semiconductor packaging technology, defects have become even more

difficult to detect using conventional X-ray transmission inspection. This is due to the increasing complex-

ity of microstructures and stacked junctions. This paper introduces the technical features of the VI-X950

automatic CT-type X-ray inspection system developed by the company to address these issues: the

VT-X950 combines unique technologies such as a high-resolution X-ray source, fine pixel FPD, high-

speed control through continuous image capture and automatic recipe generation with Al assistance to

realise 0.2 fim/pix, enabling high-resolution and high-speed CT inspections. This technology will con-

tribute to quality assurance of semiconductor products, shortening development times and improving

process yields, which will become increasingly important in the future.

Key Words: Inspection and Equipment Technology, X-ray Inspection Method, 3 Connection Reliability,

3D Packaging Design
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Development of a TOF Sensor for Long-Range and
Stable Wide-Angle Detection

TSUZUKI Ryosuke and ANDO Shintaro

In modern manufacturing, labor shortages due to population decline have increased the need for further automa-
tion. Additionally, to respond to diversifying needs and rapid technological innovation, highly flexible automated
production is essential. This requires sensors that can reliably detect objects from long distances without obstruct-
ing the movement paths or working ranges of equipment and robots. In this study, we focused on a photoelectric
sensor using Time-of-Flight (TOF) technology, aiming to achieve stable detection of objects with various colors
and surface conditions—such as white or black, rough or glossy—at distances up to 6 meters and within an angu-
lar range of £85°. For particularly challenging targets such as black-painted automobile bodies, the design target
was set at a detection distance of 3.5 meters and an angular range of £50°. To achieve this, we enhanced the sig-
nal-to-noise ratio (S/N ratio) through short-pulse laser diode driving and ultra-high-sensitivity stable operation of
an avalanche photodiode (APD), significantly improving detection performance. As a result, even in cases where
conventional sensors are limited to +6° at a distance of 3.5 meters, our technology enables stable detection across

a much wider angle of £66°. Through this advancement, we successfully developed the TOF laser sensor “E3AS-

HF,” which provides high detection stability regardless of object color or surface condition.
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Method for Identifying the Order of Moving Packages
Using UHF RFID Reception Waveforms

SUGANO Masayuki, QIAO Chutian, NAGAOKA Shingo and SAITO Keisuke

Today, in-factory logistics faces the social challenge of labor shortages while the importance of parts management
increases. To address this, automation aimed at reducing human labor is being implemented, and there is a
demand for advanced material and parts management system functions on-site. To meet these requirements, UHF
RFID is particularly expected to be an effective means of ensuring traceability, with the advantage of being able
to read responses from multiple RF tags located several to dozens of meters away from the antenna individually
and simultaneously. However, current UHF RFID functions can only recognize the presence of packages. The
order of RF tags is difficult to determine.

This paper proposes a technique for high-precision RF tag identification by analyzing the time waveform of RF
tag responses obtained with a general-purpose UHF RFID system and its waveform characteristics. Practical
evaluation has yielded promising results for practical application in tasks such as determining the order of pack-
ages flowing in sequence at intervals of several hundred millimeters on a conveyor. Future applications to other

use cases are also anticipated.
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Proposal for a Compact Optical Torque Sensor Using a
Structural Integration Method

KAWAGOE Kiyomasa

The rotational joints of collaborative robot arms require force control to prevent damage to people or objects they
come into contact with. This is achieved by measuring the forces applied to the joints using torque sensors. The
simplest method for force measurement in these joints is a stacked configuration using commercially available
strain gauge torque sensors connected in series. However, this approach increases the volume and mass of both
the torque sensors themselves and their mounting structures. To avoid this, integrating strain-gauge torque sensors
into the rotary joint for miniaturization incurs an additional cost of several hundred thousand yen per unit, solely
for the sensors.

This paper focuses on optical torque sensors, which feature a simple measurement principle and can be config-
ured for around tens of thousands of yen. It proposes a compact torque sensor integrated with the rotary joint.
This employs a structural integration method in which the magnet-retaining plate of the magnetic encoder on the
output shaft side serves as a shielding plate, with the photointerrupter and adjustment mechanism arranged con-
centrically. This reduces the axial dimension by 52% compared to the stacked-optical-torque-sensor method. This
contributes to a weight reduction of 0.05 kg for the joint unit incorporating the torque sensor. Furthermore, in a
desktop calculation for a 6-axis arm using this joint unit, an increase in payload capacity of 0.15 kg was evalu-

ated. This represents a 7.5% increase in payload capacity compared to collaborative robots with similar output

and posture capabilities, demonstrating the effectiveness of this approach.
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Development of an Automatic Measurement Time
Analysis Function for Blood Pressure Management
by Remote Patient Monitoring

SATO Hironori

Blood pressure management is important for preventing cerebrovascular and cardiovascular diseases, but it is not
being adequately achieved and has become a global social issue. In the United States, public and private initia-
tives have tried various solutions. Insurance made remote patient monitoring deductible by reimbursement in
2019 as the first in the world. In response, Omron Healthcare, Inc. also offers the remote patient monitoring sys-
tem VitalSightry. When home blood pressure readings were sent directly to electronic medical records, the large
volume of measurement records placed a heavy burden on medical professionals, which was an issue. We are
proposing several solutions for it. In this paper, we report on our development and evaluation result of an auto-
matic analysis function for measurement time periods in order to display morning and evening blood pressure
data appropriate for each individual without increasing medical professional’s work load. The function compiles
measurement frequency per unit time for each individual and identifies daily measurement habits. We verified this
by using actual measurement results sent to electronic medical records and confirmed that the function can be
used to distinguish the time periods when measurements were taken for each individual. It is expected that using
this function to display morning and evening blood pressure graphs will enable medical professionals to easily

judge the effectiveness of medication and detect unusual measurement times which suggest that symptoms are

present. It is hoped that its usefulness and clinical meanings will be validated.

Contact : SATO Hironori hironori.sato@omron.com
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A Fusion Approach of Reinforcement Learning and Traffic
Engineering in Multiple Traffic Signal Control

YAMAMOTO Yoshiki and IZAWA Marika

The quality of traffic signal control is directly linked to social issues such as traffic jams and environmental
issues. In the past, skilled engineers have maintained and improved this quality. For signal control, we need to
adjust the signals with neighboring ones. The difficulty in optimizing signal control lies in coordinating signals
with their neighbor signals. We control multiple signals together in sub-area units based on traffic engineering.

In recent years, with the development of artificial intelligence (Al), many methods using reinforcement learn-
ing (RL) for sub-area control have been proposed. However, many of these methods do not rely on traditional
traffic engineering. They use Al approaches such as multi-agent reinforcement learning (MARL). Therefore, even
if measures such as delay time improve, we find difficult to say that these methods are ready to be used for real-
world traffic signal control yet.

In this study, we first investigate how current RL approaches relate to important traffic engineering parameters,
such as cycle, split, and offset. Additionally, we propose implementable signal control method by combining rein-
forcement learning with traditional traffic engineering. Specifically, we introduce two constraints—coordination
constraint and time constraint—derived from traffic engineering.

Here we show, in traditional reinforcement learning, the cycle and split significantly vary each time, making it

impractical. Additionally, with time constraints, we reduced the delay time, an evaluation metric, from 116
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seconds/car to 95 seconds/car, and CO- emissions decreased by 18%. On the other hand, the coordination con-

straints did not contribute to reducing delay times or CO: emissions. This result demonstrates the potential of

integrating traffic engineering with RL to develop effective signal control methods.
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- 667.7 575.2%** 750.0 492 .6%** 535.2%**
CO BB | (1173) | (£23.1) (£28.5) (£19.1) (£25.6)
EAVRFRE + 97.5 99.1 182.3 T7.2%%* 88.9**
P3 HEEFLER | (£12.2) (£11.7) (+35.9) (£5.5) (£10.1)
= 476.0 480.1 547.3 403.7%** 425 4%**
CO, HFHE (£26.3) | (£135) (£29.4) (+£9.1) (£14.2)

ENFE+ HESOREOEME (B8] COBIHEBnHEME ¢/ A/] TH5,

*p<0.05, **p<0.01, ***p<0.001
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JYZIVI A LY AT LT PCIl Express Z#EHY %
feH I ERSRERBPRMICOWVWT
g RS, VRS R

Fov v Ts~e Yy A -t A—vavyavyre—FDON ¥ —-XLNX Y —XTlE, WEo CPU
(Central Processing Unit) &K d % 734 Z[#23PCle (PCI Express) # W Cifid N T3, PCleDFR L L T
DMA (Direct Memory Access) %\ C CPU NS FTICHEIEA TV T 7w A2 ET L, T —XImEx2ETT 52 ¢L
DARETH B, v vA—tA—vavarytuo—5L Vo) TARA LY AT LICPCle ZEBAT 3 7-0IC1T,
AV Y Y —=ABFEALR VI I ICDMATEX 4 I v 72 FlHlT 2 LR H 5,

HERIZ1 DD CPUIC X 2 EHHIHITH 572720, DMAKLGEX A4 I v 7 ORIHREDTH Y, AED VY —ZHHE
ALBEVIIICHIET 2 LR TECT, IBFEDV TAEAL LY AT LATEEERTH D DOEHE - SR 7
HERE KD SN TV DB, TN ZWALT 5 720 ICHEED PCle 754 A4 CPU & D 8¢ DMA 855% 3 2 4> L E
T—%T77F v B3 Be b, VT NEA LBIGEE R 5.2 X 510 F 2 701Cid, & PCle 734 R A3 &
W EREECRB L4 2 v 7 CF — 22T 5 ERDH 3,

AFETIE PCle 754 ZAACPU & DY VY — A6 % IS 2 Hifff & 2 i & EHLF 2 720 ICBBEAWRTH 5
N—FT =TI X B ERERLRMEM 2R T 5, Z0ICX Y 39 F VBT & v ) LIRS 2 EHT 52 &
DTE, BHD PCle 754 223 CPU & DMA BX T 2 BRIC Y 7 X 4 LB~ D& Z Wz b b,

High-Accuracy Synchronization Technology for PCI
Express in Real-Time Systems

NAKATANI Yoshihiro and NISHIMURA Yasuhiro

In the NJ and NX series of OMRON’s machine automation controllers, the internal CPU (Central Processing
Unit) and the internal devices are connected using PCle (PCI Express). One of the features of PCle is that it
allows direct memory access (DMA) to be executed data transfer without going through the CPU. To introduce
PCle into real-time systems such as machine automation controllers, it is necessary to control the DMA transfer
timing to avoid memory resource conflicts.

Traditionally, centralized control by a single CPU made it easy to control DMA transfer timing and avoid
memory resource conflicts. However, modern real-time systems require multifunctionality as well as high-speed
and high-precision control cycles. To achieve both, a distributed processing architecture is needed where multiple
PClIe devices perform DMA transfers with the CPU. To prevent impacts on real-time processing, each PCle
device must transfer data at timings synchronized with the control cycle and with high precision.

This paper proposes a resource conflict avoidance technology for PCle devices with the CPU and a high-preci-
sion time synchronization technology using hardware, which is essential to realize this technology. Synchroniza-

tion accuracy can be achieved less than 39 ns. This allows multiple PCle devices to perform DMA transfers with

the CPU while minimizing the impact on real-time processing.

Contact : NAKATANI Yoshihiro yoshihiro.nakatani@omron.com
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Refinement of Obstacle Constraints in Trajectory
Planning Using Super Ellipses for Narrow Passage
Navigation with Model Predictive Control

TONOGAI Norikazu, MUKAI Shigeharu and SAITOH Yumi

This paper presents a refinement of obstacle constraints in trajectory planning for autonomous mobile robots
using Model Predictive Control (MPC). MPC generates velocity commands that guide the robot to achieve a
given goal by adjusting its position and orientation overtime. In MPC formulations, obstacle constraints require
differentiable representations of the robot’s shape, making it difficult to directly incorporate polygonal shapes
such as squares. As a result, robots are typically approximated using primitive shapes like circles or ellipses,
which introduce excessive clearance and reduce flexibility in narrow environments. To address this limitation, we
adopt a shape approximation method based on super ellipses. However, high-order super ellipses often lead to
instability in numerical optimization. To overcome this, we introduce a refined constraints formulation that stabi-
lizes the optimization process. The effectiveness of this method is evaluated through simulations, demonstrating
that it is more suitable for narrow passage navigation compared to conventional methods. Furthermore, the aver-

age processing time of the proposed method is equivalent to that of conventional methods, ensuring real-time

performance.
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Establishment of a Power Consumption Simulation
Method for Manual Assembly Lines

FURUKAWA Tomoki

Manual assembly lines are required to improve not only productivity but also energy efficiency. In manufacturing
sites, improvement activities are being conducted to address variations in the 4M factors—Man (operator),
Machine (equipment), Material, and Method. However, in cell production systems (cell lines), the influence of
operator-related factors on productivity is significant, and appropriately reflecting these human factors in simula-
tions remains a technical challenge.

In this study, a power consumption simulation model capable of incorporating operator skill levels was devel-
oped for a cell line in our factory. As a result, the model achieved a power consumption prediction accuracy target
of 95% and enabled visualization of energy losses. Moreover, the design effort for simulation model creation—

operations.
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previously non-standardized—was reduced from six days to three.
This paper describes a power consumption simulation method for cell lines that reflects variations in manual
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Automating Threat Analysis for Industrial Control
Devices using Threat Modeling Tool

YODA Yasuki

In recent years, the risk of cyberattacks on industrial control systems has increased due to the growing
smartification and openness of factories, and accordingly, regulations and guidelines have been established by
governments and industry worldwide.

Threat modeling is essential for systematically implementing product security measures; however, it requires
specialized knowledge and expertise. Amid the global shortage of cybersecurity professionals, it has become
difficult for manufacturers to complete threat modeling and implementation of security measures for large
numbers of products within limited timeframes. Although threat modeling tools are expected to address this
challenge, existing tools primarily target IT systems, and their applicability to industrial control devices has not
been well established.

To address this issue, this study designs threat modeling templates tailored to the system characteristics of
industrial control devices and demonstrates their accuracy and effectiveness through a proof of concept using the
Microsoft Threat Modeling Tool. By focusing on the fact that embedded devices are designed for specific and
limited purposes, the proposed templates enable the detection of threats against assets specific to industrial
control devices while suppressing the detection of threats occurring within trust boundaries. As a result, both false

negatives and false positives of threats are reduced. The results indicate the proposed approach has the potential

to standardize quality of threat modeling and significantly reduce the required effort.

Contact : YODA Yasuki yasuki.yoda@omron.com
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A Conceptual Validation of the Evolution and
Standardization Technologies of FA Systems
in the Data Era

OZAKI Toshiyuki

The importance of data utilization in manufacturing has rapidly increased in recent years. Factory Automation
(FA) systems are shifting from control-centric to data-centric architectures, driven by advances in IoT, Al, and
cloud technologies. This paper presents OMRON’s proof-of-concept (PoC) implementation, which verified six use
cases: product lifecycle traceability, visualization of environmental impact, customer information disclosure, smart
maintenance, flexible production lines, and automation of shipping and inspection. By leveraging standardization
technologies such as Asset Administration Shell (AAS), OPC UA, and GS1 Digital Link, it is possible to build a
unified data utilization platform that enables collaboration among shop floor, design, and management layers. This
enabled comprehensive traceability throughout the product lifecycle, visualization of environmental and quality
information, improved operational efficiency, and enhanced reliability across the supply chain. In the future, col-
laboration with Al and data analytics, adaptation to industry standardization, and global expansion will be neces-

sary to contribute to sustainable manufacturing.
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Risk Prediction in Accounting Data in Internal Audit
using Machine Learning

OTA Yuya and FUJII Toru

In recent years, the number of companies disclosing inappropriate accounting has been increasing, and it is
important to conduct internal audits to reduce risks. Therefore, it is necessary for auditors to inspect the risks of
accounting data. However, it is difficult to manually inspect all the large amount of accounting data accumulated
daily.

In this paper, we propose an anomaly detection method that addresses the unique technical challenges of inter-
nal auditing by leveraging the Balanced Random Forest (BRF) approach, utilizing descriptions, and incorporating
auditors’ risk analysis processes into the model structure. This method allows for the quantification of accounting
data risks as anomaly scores, enabling comprehensive and efficient risk analysis.

We applied the proposed method to our company’s accounting data and confirmed that the recall rate reached
72.1% when the top 2% of anomaly scores were used as the threshold. Furthermore, by applying this method to
actual internal audit operations, we were able to reduce the analysis time per accounting unit by 43% compared to

traditional manual risk analysis.
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laborative Task Strategy Exploration
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Building on D. Norman’s seven-stage model, humans continuously adapt
their strategies as their underlying goals evolve during task execution.
This study presents a hierarchical framework that enables robots to infer
human goals from observed actions and respond appropriately, even
when those goals shift implicitly. Upon detecting a goal change, the robot
proactively engages the human in dialogue to confirm the new goal and
propose actions aligned with it. Rather than simply following fixed inten-
tions, the robot dynamically adjusts its behavior to support humans
throughout the collaboration process. Validated through a human-robot
table tennis scenario, the proposed approach demonstrates improved
responsiveness to shifting goals, leading to more perceptually collabora-
tive and efficient interactions between humans and robots.
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The Table Tennis Robot FORPHEUS: Under-
standing Humans and Making Joint Decision
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This letter studies how mobile robots can navigate cluttered spaces while
still remaining safe when the control software suddenly fails. The authors
focus on a practical requirement: even without additional computation or
replanning, the robot must be able to stop immediately without colliding
with obstacles. To address this issue, we introduce a navigation method
that explicitly includes a time margin for emergency stopping in trajectory
design. By considering this condition during motion generation, the
method preserves safety while allowing greater flexibility than conven-
tional approaches, which often become overly restrictive. The experi-
ments show that the proposed framework achieves reliable collision-free
stopping after software crashes and improves overall navigation efficiency,
reducing travel time to the goal by 34% compared with previous meth-
ods.
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VisDev: A Stroke Deviation Visualization System
Using Point-Set Registration for Handwriting
Training
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Common handwriting training strategies often have certain drawbacks.
For example, tracing does not require learners to rely on memory, while
copying lacks an immediate feedback system, which limits overall training
efficiency. However, with the support of digital devices, writing media
have become more flexible and intelligent, allowing us to integrate the
advantages of both tracing and copying.

In VisDev, we first apply a point-set registration method to obtain align-
ment information between handwritten and template characters. Based on
this alignment, we generate color-coded visualizations that highlight cor-
rect and incorrect regions. In addition, we construct an animation that
transforms the handwritten characters into the template characters. By
combining these two components, users can receive effective feedback
within a short period of time.

Our results demonstrate that VisDev can indeed improve users’ hand-
writing quality with relatively few training sessions.
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PLEXUS Hand: Lightweight Four-Motor Pros-
thetic Hand Enabling Precision-Lateral Dexter-
ous Manipulation
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Performing activities of daily living often requires in-hand manipulation,
especially the reorientation of objects between different grasp types. Com-
mercial prosthetic hands lack this capability, while dexterous robotic
hands are too heavy for clinical use. This study introduces the PLEXUS
Hand, a 311 g prosthesis that bridges this gap by enabling smooth transi-
tions between fingertip (precision) and side-pinch (lateral) grasps with
a minimal four-motor configuration. By computationally optimizing the
thumb axis position, the lightweight design houses all actuators internally,
protecting them from environmental damage. Experimental evaluations
demonstrated high success rates (90-100%) for reorienting various
primitive objects. Moreover, practical demonstrations-such as operating a
screwdriver, seal stamping, and inserting USB devices-highlight its poten-
tial to enhance activities of daily living.
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SCU-Hand: Soft Conical Universal Robotic Hand
for Scooping Granular Media from Containers
of Various Sizes
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This paper presents the SCU-Hand, a reconfigurable flexible end-effector

designed to automate powder scooping from laboratory containers of
varying sizes. The design employs a single thin sheet morphed into a
conical developable surface, enabling size reconfiguration by adjusting the
sliding angle of the circular sheet. This conical structure provides aniso-
tropic stiffness-resisting buckling during sliding while deforming adaptively
upon contact with container walls-eliminating the need for force sensing
or learning-based control. Experiments using a CRANE-X7 robotic arm
demonstrated scooping performance exceeding 95% across containers
ranging from 67 mm to 110 mm in diameter. Comparisons against rigid
metal sheets and commercial ladles confirmed that flexibility contributes
10-20% improvement in scooping efficiency. The system also achieved
over 95% performance across multiple granular materials including flour,
coffee, and rice.
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Learning Contrastive Multimodal Fusion with
Improved Modality Dropout for Disease Detec-
tion and Prediction
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Our work studies how to combine medical images and clinical records
when some modalities are missing in practice. We propose a contrastive
multimodal fusion framework with an improved modality dropout strategy
that uses learnable tokens to model missing inputs and aligns fused rep-
resentations across modalities. The method can be plugged into existing
pretrained encoders with minimal additional training cost, making it prac-
tical for real clinical pipelines. Experiments on large-scale CT and elec-
tronic health record datasets show consistent improvements in disease
detection and future risk prediction, especially when some modalities are
missing at inference. This work demonstrates that carefully designed mul-
timodal fusion can improve robustness, efficiency, and scalability for real-
world healthcare applications.
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