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The rising demand for robots in warehouses has highlighted the need for efficient multi-robot algorithms. In response,
researchers have focused on Multi-Agent Path Finding (MAPF), which enables multiple agents to calculate conflict-free
paths to their individual goals. However, the computation time of conflict-based MAPF algorithms significantly increases as
the number of conflicts rises, a common challenge in warehouse environments with narrow passages or corridors. To tackle
this issue, this study introduces a new type of conflict called “Overlap Conflict.” Overlap Conflicts occur when an agent
stops, causing chain conflicts among subsequent agents traveling in the same direction. When an Overlap Conflict arises,
the affected agents are dynamically merged into a single group, shifting the conflicts from an individual level to a group
level. If the merged agents find themselves with unreachable goals, they are split back into individual agents to continue
calculating paths to their respective destinations. This approach effectively reduces computation time in congested
environments, particularly in narrow corridors where altemative routes exist.

1. Introduction

As global robot supply chains become increasingly complex and
consumer demand diversifies, relying solely on traditional multi-
agent distribution methods are no longer sufficient to guarantee the
efficiency of logistics operations. In response, the adoption of
robot-assisted warehouses, as shown in Fig. 1, is gaining importance.
In line with this trend, research of Multi-Agent Path Finding (MAPF)
is being vigorously conducted. This algorithm aims to find non-

conflicting paths for multiple agents to reach their respective

Copyright © The Korean Society for Precision Engineering
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destinations within shared environments.

MAPF has been actively studied from various perspectives.
Algorithms that merge agents [1,2] or assign priorities among
agents [3-5] have attempted to reduce computation time. However,
assigning priorities to agents has the drawback of not guaranteeing
the optimality of the solution. Other algorithms have aimed to find
an optimal solution by resolving conflicts between agents, but the
computation time swells exponentially as the number of conflicts
grows [6-9]. To address this, some algorithms have defined

additional conflict types or proposed new constraints to reduce

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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@ @
Fig. 1 Logistics companies using robots [10] (a) Amazon Robotics,
(b) Swisslog, (c) Scallong, (d) Grey Orange, and (e) Hitachi
(Adapted from Ref. 10 on the basis of OA)

computation time and explore suboptimal solutions [11-15].
However, even these approaches have not sufficiently mitigated
the exponential increase in computation time caused by conflicts in
congested environments.

In warehouses, corridors or passageways are often designed to
be narrow to maximize space utilization, which frequently forces
multiple agents to share the same route. When a leading agent
unexpectedly stops in such restricted spaces, it can trigger a chain
of conflicts among following agents. These chain conflicts are
considerably more complex than isolated conflicts, leading to
significant delays in re-planning routes, particularly in congested
environments. To address this challenge, we propose a new
algorithm, OverlapCBS, which introduces a new type of conflict,
termed the Overlap Conflict, specifically designed to handle these
chain conflicts. OverlapCBS reduces computation time by dynamically
merging and splitting agents based on their paths when conflicts
occur, thereby efficiently resolving conflicts in such environments.
This approach aims to overcome the limitations of previous

methods and improve overall efficiency in warehouse logistics.

2. Theoretical Background

2.1 Problem Definition

This study refines the Conflict-Based Search (CBS) algorithm [6]
as its fundamental framework. The MAPF problem [16,17] is
represented by a graph G = (¥, E) and a set of k agents. J represents
locations, each of which can be exclusively occupied by a single
agent and E stated the connections between two vertices. Each agent
is assigned a Task, defined as a tuple {start;, goal;} consisting of a
unique start state and goal state, where an agent a; has starti start;
€ Vand goal; & V. Time is assumed to be discretized, and at each

timestep, an agent can take a single action: either moving or

waiting. The solution to the MAPF problem consists of a set of
conflict-free paths, denoted as /7= {m, m, ..., 74}, where k means
the number of agents and 7; denotes the path of a;. Each path is
associated with a sequence of tuples {vertex, timestep}. In the
MAPF problem, there are two types of conflicts: vertex conflicts
and edge conflicts. Vertex conflicts occur when two agents g; and a;
occupy the same vertex v simultaneously, which is formally
defined as {a;, a;, v, t}. Edge conflicts occur when two agents a;
and a; swap vertices through the same edge, at the same time 7,
which is denoted as {a;, a;, v;, v;, t}. All paths satisfy the following
conditions: 1. every agent starts at its predefined initial state and
reaches its goal state, 2. no vertex conflicts or edge conflicts exist
among the paths. In this study, we utilize the sum of costs as the

objective function to evaluate solutions and aim to minimize it.

2.2 Conflict Based Search Algorithm (CBS)

CBS searches for paths for each agent and detects conflicts
between agents’ paths. When a conflict occurs, it generates constraints
to resolve the conflict and modifies the paths accordingly. A vertex
constraint prohibits agent a; from occupying vertex v at time ¢,
denoted as {a,, v, f}. An edge constraint prohibits agent g; from
moving from vertex v; to v; at time ¢, denoted as {a;, v;, v, }. CBS
operates on two search levels. The high-level is responsible for
identifying and resolving conflicts between agents by comparing
their individual paths. This process is managed using a binary tree
structure known as the Constraint Tree (CT), in which each node
consists of three key components.

1) N.constraints

A set of constraints, each of which illustrates constraints for a
single agent.

2) N. solution

A set of paths, each consisting of the individual agent’s path
that complies with the constraints applied to that node.

3) N. cost

The total cost is calculated using an objective function. The
high-level search utilizes this cost as a metric to prioritize
nodes, aiming to find a solution that minimizes the chosen
cost while avoiding conflicts.

The root node of the CT starts with an empty set of constraints.
When a conflict is detected in the N. solution, the high-level search
generates a new constraint and two child nodes, each inheriting the
constraints of its parent and incorporating the newly generated
constraint, respectively. These child nodes resolve the conflict by
enforcing different constraints on each agent involved. The low-
level search computes paths for individual agents while adhering to
the given constraints. In this study, we apply the 4™ algorithm as
the fundamental search method for the low-level search. The CBS



February 2026 / 125

algorithm continues this process until a conflict-free N. solution is
found, resulting in a goal node in the CT that contains a valid set of

paths for all agents.

3. Methodology

3.1 Overlap Conflict Definition
To effectively address scenarios in congested environments, this
paper proposes a new type of conflict, termed the Overlap Conflict.
This concept enables the efficient handling of chain conflicts that
occur when multiple agents move through the same narrow
corridors in the same direction. The traditional vertex conflict is
further categorized into Single Vertex Conflict and Overlap
Conflict, based on whether the paths of two agents continue to
overlap following an initial conflict. This study introduces three
types of conflicts: Single Vertex Conflict, Overlap Conflict, and
Edge Conflict. The Edge Conflict is defined based on CBS, while
the definitions of Single Vertex Conflict and Overlap Conflict are
provided below.
1) Single Vertex Conflict
A Single Vertex Conflict is defined as a tuple {a;, a;, v, ¢, S}.
It represents a conflict that occurs when agents «; and g;
occupy vertex v at the same time ¢ S is a boolean variable
used to distinguish it from an Overlap Conflict. For instance,
Fig. 2(a) illustrates a Single Vertex Conflict where agents a,
and a, occupy vertex B2 at the same time #,. It is represented
as the tuple {a,, @, B2, ty, False}.
2) Overlap Conflict
An Overlap Conflict is defined as a tuple {a;, a;, v, ¢, O}. It
represents a conflict that occurs when agents a; and a; occupy
vertex v at the same time #,. O is a boolean variable used to
distinguish it from a Single Vertex Conflict. For instance, Fig.
2(b) illustrates an Overlap conflict that occurs when agents.
a; and a, successively occupy vertex B2 at times %, It is

repsresented as the tuple {ai, @y, B2, ty, True}.

3.2 Overlap Constraint Definition

To resolve conflicts between agents, appropriate constraints for
each conflict type are required. The Single Vertex Constraint and
Edge Constraint follow the same definitions as those in CBS. The
Overlap Constraint is defined as a tuple {a; a;, f} where a; is
designated as the head agent, a; as the tail agent, treating the two
agents as a single merged agent set starting from time 7. A merged
agent set moves together while maintaining a one-timestep distance,
where timestep distance refers to the minimum number of

timesteps required for an agent to move from its current vertex to

1. 2 3 1 2 3 12 3
A A A
B B B
c c c
(a) (b ©

Fig. 2 Types of conflicts utilized in this paper. (a) Single Vertex
Conflict: A conflict occurs at a single vertex, specifically at
vertex B2 and (b) Overlap Conflict: A conflict spans multiple
vertices. In this example, the two agents occupy vertex B2
and B3 simultaneously

12 3 12 3 1.2 3
A A A
B B B
c c c
(a) (b) (c)

Fig. 3 Types of conflicts utilized in this paper. (a) Single Vertex
Conflict: A conflict occurs at a single vertex, specifically at
vertex B2 and (b) Overlap Conflict: A conflict spans multiple
vertices. In this example, the two agents occupy vertex B2
and B3 simultaneously

another agent’s vertex. For instance, as illustrated in Figs. 3(a) and
3(b), if two agents are located in adjacent vertices, they have a one-
timestep distance. In contrast, as shown in Fig. 3(b), the agents
have a 2-timestep distance, as agent 1 takes two-timesteps to reach
the vertex where Agent 2 is located.

Each agent can have at most one head agent and at most one tail
agent. For instance, consider a merged set of three agents, as
depicted in Fig. 3(a). Assuming that Agent 1 is positioned at the
front in the direction of movement, Agent 1 has no head agent and
designates Agent 2 as its tail agent. Agent 2 has Agent 1 as its head
agent and Agent 3 as its tail agent, while Agent 3 has Agent 2 as its
head agent and no tail agent. In contrast, configurations where an
agent is associated with more than one head agent (as shown in
Fig. 3(b)) or more than one tail agent (as shown in Fig. 3(c)) are

not permitted.

3.3 State Definition

A state is defined as a tuple {vertex, time, head, tail}, where
each component represents the current status of an agent and its
dependency relationships with other agents. Specifically, vertex
denotes the graph vertex at which the agent is located at time;
time is the discrete timestep corresponding to that state,
indicating when the agent occupies the vertex; head represents
the head agent that the current agent is following, thereby
highlighting the dependency relationship; and tai/ denotes the tail
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agent that is following the current agent, indicating that the
current agent acts as a leader. This structure not only captures the
agent’s current position and time but also explicitly defines the

dependency relationships between agents.

3.4 High Level Search of OverlapCBS

Algorithm 1 describes the high-level search process in OverlapCBS.
The basic flow of the algorithm follows that of CBS (Lines 1-8).
However, OverlapCBS generates two distinct constraints for each
left and right nodes, denoted as C; and (Line 10), to resolve a
detected conflict. These constraints are defined for the conflicting
agents or agent sets and may incorporate constraints for multiple
agents, depending on the situation. Based on the generated C; and
C,, new CT nodes are created, adding the corresponding constraints to
each node (Line 14). Subsequently, the low-level solver recalculates
the paths for the individual agents subject to these constraints.
Once the paths for all agents in the constraint lists are recalculated,
the cost of the solution is computed, and the success of the solution
is evaluated (Line 18). If a valid solution is found, the corresponding
node is added to the OPEN set (Line 19). This process repeats until
a node is retrieved from the OPEN set whose paths are conflict-
free. In that case, the algorithm returns the solution (Line 8) and

terminates.

Algorithm 1: High Level Search of OverlapCBS
Input: MAPF instance
Output: Solution to the MAPF problem

1 Root. constraints < @

2 Root. solution «— find individual paths by the low level( );
3 Root. cost — get cost(Root. solution);

4 insert Root to OPEN

5  while OPEN is not empty do

6 P — best node from OPEN // lowest solution cost
7 if P has no conflict then

8 return P. solution //P is the goal

9 C; « get_first_conflict(P);

10 G, C, « create_constraints_from_conflict(Cy);
11 foreach constraints list C; in {C), C,} do

12 A < new node;

13 foreach agent a; in C; do

14 A. constraints < P. constraints + C; {a;};

15 A solution < P. solution,

16 Update A. solution (invoking low level(a;));
17 A. cost < get _cost (A. solution);

18 if A. cost <<° then

19 Insert A to OPEN,

3.4.1 Find First Conflict

It is necessary to first generate a path for a single agent and then
compare the paths between agents to identify conflicts. Algorithm
2, get first conflicK(), identifies and returns a conflict from a CT
node solution by comparing two agents’ paths. For each timestep ¢
from 0 to max,, the algorithm checks the agent’s positions, where
cv (current vertex) is the vertex at ¢ and nv (next vertex) is the

adjacent vertex the agent moves to (Lines 5-8).

Algorithm 2: get first conflict( )
Input: CT node N
OQutput: Conflict

Ju—

max, = find_max_time (N. solution),

2 foreach agent a;, a; do

3 t=1;

4 while ¢ < max, do

5 cv; < get_current vertex(a;, 1),

6 cv;«— get_current_vertex(aj, 1),

7 nv; < get_next_vertex(a;, ),

8 ny; < get_next_vertex(ay, 1);

9 if cv;== cv; and nv; ! = nv; then

10 return {a; a;, cv;, t, 0}// single vertex conflict
11 else if cv; = cv; and nv; = nv; then

12 return {a;, a; cv;, t, 1}// overlap conflict
13 else if cv; == nv; and nv; = cv; then

14 return {a; a;, cv;, nv;, t}// edge conflict
15 #H+

3.4.2 Create Constraint from Conflict
Once conflicts among agents are identified, appropriate constraints
must be generated to resolve them. For single-agent pair conflicts,
constraints are generated as in CBS. However, in OverlapCBS,
conflicts may occur between merged agent sets (e.g., Fig. 4),
requiring constraints for the entire set without disconnecting its
agents. All of the examples in Fig. 4 are designated the pink agent
set as agent-set 1 and the blue agent set as agent-set 2.
1) Single Vertex Conflict between head agents
Fig. 4(a) illustrates a scenario in which a single vertex
conflict occurs between the agent-set 1 and the agent-set 2 at
timestep 0. In this situation, constraints are generated without
breaking the internal connections within the agent sets. When
constraints are applied to agent-set 1, two constraints, {1, Cj,
1}, and {4, C,, 2}, are imposed on agent 4, leading to the
movement pattern shown in Fig. 5(b).
2) Overlap Conflict between head agents

Fig. 4(b) illustrates a scenario where an overlap conflict
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@ (®)

© (d

Fig. 4 Examples of conflict scenarios between agent sets: (a) Single

vertex conflict, (b) Overlap conflict, (c) Edge conflict, and (d)
single vertex conflict between a head agent and a middle
agent

t=2 t=3

(b)

Fig. 5 Movement patterns resulting from single vertex conflict

resolution. (a) When constraints are applied to agent-set 1 and
(b) When constraints are applied to agent-set 2

occurs between the agent-set 1 and the agent-set 2. In this
situation, constraints are generated without breaking the
internal connections within the agent sets. When constraints
are applied to agent-set 1, two single vertex constraints, {1,
Cy, 1} and {1, C4, 2}, along with one overlap constraints, {4,
Cy, 1}, {4, C4, 2}, and {4, C4, 3}, along with one overlap
constraint, {3, 4, 3}, are imposed on agent 4, resulting in the
movement pattern shown in Fig. 6(b).
3) Edge Conflict between head agents

Fig. 4(c) illustrates a scenario where an edge conflict occurs
between the agent-set 1 and the agent-set 2. In this case,

constraints are also generated without breaking the connections

(@

(b

Fig. 6 Movement patterns resulting from overlap conflict resolution:

(a) Constraints applied to agent-set. (b) Constraints applied to
agent-set 2

A
- — B [ ] - —
-
— - Ci -— -
D
E
t=1 t=2
(@)
1 2 3 4 5 6 7
A
B
C - - —
D S -
E
(b)

Fig. 7 Movement patterns resulting from edge conflict resolution. (a)

Constraints on agent-set 1 and (b) Constraints on agent-set 2

Fig. 8 A scenario where applying constraints to agent-set 1 breaks

the internal connection of the agent-set 1, making it an invalid
solution

within the agent sets. When constraints are applied to agent-
set 1, and a vertex constraint {2, C,, 1} is imposed on agent 2.
This process involves sequentially inspecting conflicts for
each agent in the agent set and generating constraints for each
detected conflict. Applying such constraints to agent-set 1
results in the movement pattern shown in Fig. 7(a). Conversely,
when constraints are applied to agent-set 2, and edge constraint
{4, Cs, C4, 1} is imposed on agent 4, and a vertex constraint
{5, Cs, 1} is imposed on agent 5, resulting in the movement

pattern shown in Fig. 7(b).
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4) Single Vertex Conflict between head agent and middle agent
As shown in Fig. 4(d), a conflict can occur between the
middle agent of the pink agent set (agent-set 1) and the head
agent of the blue agent set (agent-set 2). In this case, to avoid
breaking the connections within the agent sets, constraints
are applied only to agent-set 2. When constraints are applied
to agent-set 2, a single vertex constraint {4, C, 1} is
imposed on agent 4, resulting in a movement pattern similar
to that shown in Fig. 5(b). However, if constraints are
applied to agent-set 1, it would break the connections within
agent-set 1, as shown in Fig. 8. Therefore, no constraints are

generated for agent-set 1 in this scenario.

3.5 Low Level Search for OverlapCBS

The algorithm 3 represents a modified low-level search process
for CBS, incorporating the ability to follow a designated head
agent whenever applicable. If no head agent exists to follow, the

algorithm operates identically to the standard CBS low-level

1 2 3 4 1 2 3 4
A A
B B
C - C -
(a) (b)

Fig. 9 Example scenarios in which agents within the same agent set
move towards their respective goal locations

1 2 3 4 1 2 3 4
A A
B B
A
o| @+ c |
(@) (b)

Fig. 10 Path planning process for a merged agent set. (a) The head
agent plans its path to the goal first, (b) The tail agent plans
its path to follow the head agent as closely as possible

1 2 3 4 1 2 3 4
A A
4+
B B
C T — C
(a) (b)

Fig. 11 Agent-set splitting due to increased cost for the tail agent

search. However, if a head agent is present, the agent prioritizes
staying directly behind the head agent. If following directly is not
possible, the agent attempts to move adjacent to the head agent. If
neither of these options is feasible, the algorithm disconnects the
head-tail relationship, effectively splitting the agent set.

To determine the path of a merged agent set, the pathfinding

process must proceed sequentially, starting with the head agent

Algorithm 3: Low Level Search Algorithm

Input: start vertex S, goal vertex G, constraints Cons, solution So/

Output: Path from S to G or failure

1 open «— {(S, 0 + heuristic(S))};

2 closed — ¢

3 g[8 0;

4 head= -1,

5 initialize bh, nh;

6 while OPEN is not empty do

7 if bh is not null then

8 current < bh;

9 elseif nh is not null then

10 current < nh;

11 else bh is not null then

12 current < node in open with the lowest f-score;
13 head = -1;

14 if current = G then

15 return Path from S'to G;

16  Remove current from open and add current to closed,
17 head = update_head form_constraint(Cons)
18  nmeighbor_list «— get neighbors(current)

19 foreach state n in neighbor_list do
20 if n in closed then
21 Continue;
22 tentative_g «— g[current]| + cost(current, n)

23 if not in open or tentative g < g[n] then
24 gln] « tentative_g;
25  fln] « gln] + heuristic(n);

26 parent|n] < current,

27 if n not in open then

28 Add n to open;

29 vertex, = get_current vertex(head, current.time)
30 if n.vertex == vertex; then

31 bh=n

32 else if dist(n.vertex, vertex;,) = 1 then

33 nh=n

34 return failure; // No valid path exists
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(b) Warehouse-1

(c) Warehouse-2

(a) Empty-48-48

Fig. 12 Grid map for evaluation

then moving to the tail agent. This can be illustrated using the
scenario in Fig. 9(a). In the figure, agent 1 is the head agent, and
agent 2 is the tail agent. First, the path for the head agent is
calculated, as shown in Fig. 10(a). Next, the path for the tail agent
is planned to follow the head agent’s path as closely as possible, as
depicted in Fig. 10(b). However, as shown in Fig. 9(b), there are
cases where the tail agent cannot reach its goal location if it
continues to follow the head agent. In such situations, as illustrated
in Fig. 11, the agent set is split at the point where the tail agent’s
cost increases due to following the head agent. From that point
onward, the tail agent independently plans its path as a single

agent.

4. Experiments

4.1 Evaluation Setup
To evaluate the performance of the proposed algorithm, we
conducted comparative experiments with the CBS algorithm using
the three maps shown in Fig. 12. In each environment, 25 scenarios
were generated by randomly assigning start and goal positions to
the agents, and the experiments were conducted while progressively
increasing the number of agents. The specific characteristics of
each environment are as follows:
1) Empty-48-48
This is a 48 x 48 grid map with no obstacles, representing an
open space. Overlap conflicts are expected to occur infrequently,
making it suitable for evaluating the algorithm under general
conditions.
2) Warehouse-1
This is a 90 x 18 warehouse map with a single narrow
corridor. Due to its narrow pathways, Overlap conflicts are
expected to occur frequently. It evaluates the algorithm in
environments with frequent conflicts and no alternative
routes.
3) Warehouse-2
This is a 90 x 24 warehouse map with double corridors.

Similar to Warehouse-1, Overlap conflicts are expected to

—@—(BS  —— OverlapCBS

Calculation time

Success Rate

(a) Empty-48-48 results

Success Rate Calculation time

- ;.//4” |8

—

Nomber of Agents Namber of Ageats

(b) Warehouse-1 results

Success Rate Calculation time

P

(c) Warehouse-2 results

Fig. 13 Evaluation results. (a) Empty-48-48, (b) Warehouse-1, and
(c) Warehouse-2

occur frequently, but alternative routes are available, allowing
evaluation under such conditions.

The algorithm’s performance is evaluated using two metrics:
Success rate and Calculation time. Success rate represents the
percentage of scenarios where pathfinding is completed within 120
seconds. Calculation time is the average time taken for scenarios
where either the CBS or OverlapCBS algorithm succeeds, with

failed cases assigned 120 seconds.

4.2 Evaluation Results and Analysis

Experimental results clearly show that OverlapCBS significantly
outperforms traditional CBS. In the Empty-48-48 map (Fig. 12(a)),
OverlapCBS achieves similar success rates as CBS when fewer
than 30 agents are used; however, when the number of agents
exceeds 30, OverlapCBS achieves a higher success rate and, with
more than 40 agents, it computes solutions approximately 20% faster
than CBS. In the Warehouse-1 map (Fig. 12(b)), which features a
single narrow corridor, OverlapCBS exhibits a success rate that is
15% higher than that of CBS with 20 agents and maintains
more stable computation times. In the Warehouse-2 map (Fig.
12(c)), characterized by double corridors, OverlapCBS achieves
up to 30% higher success rates and completes computations
about 33% faster than CBS in scenarios with 20 or more agents.
These numerical improvements confirm that OverlapCBS is a
superior solution for Multi-Agent Path Finding in congested

environments.
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5. Conclusion

The experimental results indicate that the proposed OverlapCBS
algorithm outperforms traditional CBS in terms of both success rate
and computation time, particularly in environments with narrow
corridors and alternative routes. This improvement is primarily
attributed to OverlapCBS’s ability to effectively handle overlap
conflicts by merging conflicting agents into unified sets. By shifting
conflict detection from the individual agent level to the group level,
OverlapCBS efficiently addresses chain conflicts and overcomes the
limitations of previous methods in congested environments, thereby
offering a robust solution for Multi-Agent Path Finding (MAPF) in
complex scenarios such as warehouses. However, the algorithm shows
relatively less improvement in settings without alternative routes (e.g.,
single narrow corridors) compared to environments such as
Warehouse-2, where alternative paths are available. This limitation
likely stems from the current inability to effectively resolve conflicts
caused by agents moving in opposite directions under such conditions.
Additionally, in open environments where overlap conflicts are
infrequent, the potential impact of OverlapCBS is diminished.

To address these challenges, future work should focus on
adapting additional conflict types, as defined in prior research [13],
into the OverlapCBS framework. This integration aims to improve
the algorithm’s adaptability and performance across a broader
range of scenarios, ultimately enhancing its robustness and real-

world applicability for MAPF applications.
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This paper presents the design of an automatic circumferential chamfering device that processes the inner and outer
diameter corers of centrifugal cast pipes after cutting. These large, heavy pipes (dimensions: 389 mm x 5700 mm x 36
mm; weight: 1,200 kg) are produced using the centrifugal casting method. Following manufacturing, the pipes undergo
several post-processing operations, including washing, grinding, cutting, and chamfering. Traditionally, circumferential
chamfering has been performed manually by workers using grinders. In this study, we conceptualized an automatic
circumferential chamfering device specifically designed to chamfer the corners of large centrifugal cast pipes. A structural
analysis was conducted to ensure the design's safety, yielding a safety factor greater than two. Based on these design
outcomes, we manufactured the chamfering device and conducted characteristic experiments on a large centrifugal cast
pipe. The results confirmed that the cylindrical chamfering device can safely and effectively chamfer the inner and outer

diameters of large centrifugal cast pipes.
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(b) Stress analysis results
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Fig. 2 Structural analysis results of the circular chamfering device

(c) Displacement analysis results
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Fig. 3 Results of structural analysis of the base of the cylindrical
chamfering device of the mechanical device for pipe post-
processing

FxaHA Last o] B eHAST) 21 x 1011 N,
sEolu]7h 028, AEASTE 27.9 x 1010 N/m?, HeFalws}
7,800 ks/m3 Q1A= 7T 410 MPa, SF=E7F%= 7} 275 MPao]t}.

Figs. 2= 915 Bup7|gxe] Tas)d 2ue teha gL,
2y AF SR vj4e Bag UeR 9, v+l

7= &4 0.2 mm, H| 4 mm=Z 5}
2 Wpesich 22T w4l §

, M A= 7,367,347
B2 A4, oFu|eE ZJAE=
167) Moz Alelslgich. Fig. 2(bye 9% mupr|ah2|e] S2i3)
4 A3 ey 9la, A 97.1 MPaojglon, obd
Lo HIFR0 FEATE 7202 AASE A3} 2.110]% Ttk
Fig. 2(c)= 95 mupy|ax] o] wgla)al Amk2 Yehya 9,
2 H Y= 0.63 mmo] it

Figs. 3:& o] T38| S 9J3t 7|44 9] Y5 mup7]| 3]

ol A ATk Lrehl 93, daps S Azt

£ YEAL Qla1, Hje]2o] 338 mm Fofl A FHo s

0] 0.964 MPao|gl o, o|A2 AT o|EAFR| 2] AT TA
o7t 2T 9] tEelch. Fig. Ay WslslAT A U
BRI a7, 2o} #9l= 722 mm A3 A] 0.26 mmo] 3o

OIAZ e BuprFR|9 sHgto] dRut EAs] v, =
A9 -SHEo] 5ol Hol7] el

Figs. 4= o] S42| & 91t 7|AMA o] ¥ Rupr| 44|



136 / February 2026

5.00
4.00 |

g L

e 300 | [ omm 755.26 mm

£ i

Z 200 | k
- /\/ M

0 92 184 276 368 460 551 643 735
Length(mm)

(a) Stress analysis results

0.07

0.06

| 0mm 755.26 mm

0.03

Deflection (mm)

0.02

0.01

0.00 s L n n s s L L
0 92 184 276 368 460 551 643 735

Length (mm)

(b) Displacement analysis results

Fig. 4 Results of structural analysis of the fixed plate of the forward
and backward transfer device of the machine device for pipe
post-processing
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Fig. 5 Results of structural analysis of the fixed plate of the left and
right transport device of the machine device for pipe post-
processing
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Fig. 6 Results of structural analysis of the grinder support for the
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(¢) Inner circular chamfer

(b) Outer circular chamfer

Fig. 7 Fabricated cylindrical chamfering device and experimental
results
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This paper presents model-based hysteresis and cross-coupling compensators designed for precise control of a
piezoelectric fast steering mirror (FSM). The hysteresis compensators are developed by inversely modeling the variation in
the force constant relative fo various excitation voltages, enabling the system to maintain linear response characteristics
across a broad range of input amplitudes. The cross-coupling compensator is formulated by creating a decoupling matrix
that cancels out coupling effects, generating signals of equal magnitude and opposite phase for each axis. The
implementation of these compensators reduces the hysteresis band and magnitude uncertainty in the FSM dynamics by
over 89.6% and 74.2%, respectively, while also significantly suppressing cross-coupling effects by more than 85.5%.
Furthermore, the performance of the proposed compensators is validated in a closed-loop control system, demonstrating a
notable reduction in cross-axis vibrations and improved tracking performance in response to step reference inputs and high-
frequency sinusoidal trajectories.
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Table 1 Specifications of FSM plant and DAQ system

Piezoelectric FSM (Coremorrow, S37.T4SF)

Moving range +3.1 mrad
Unloaded resonance frequency 5.9 kHz
Capacitance 72 ny
Piezo amplifier (Coremorrow, E00.D3)
Input voltage range +5 \%
Output voltage range +75 v
Voltage amplification ratio 15 VIV
Bandwidth >20 kHz
Sensor signal sensitivity 1.626 V/mrad
Peak current 1 A
DAQ system (National instruments, NI 7856R)
Analog I/O voltage range +10 v
Analog I/O sampling rate 1 MHz
Analog I/O resolution 16 bit
FSM Plant
_ Nonlinear o Linear
r Hysteresis : r Dynamics 1\
Uy : ! :
—F H, z : T Gza:
I L
I L
| : I E— Gyw
: ! : Coupling
| : | Dynamics
I L Gy
| |
| ! |
|
Uy : ! :
2 Hy m Gyy
| | |
|

Fig. 2 Hammerstein-Wiener structure of the FSM plant, consisting
of static nonlinear hysteresis in each axis and linear dynamics
of the flexure hinge with cross-coupling effects
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Development of a Adjustable fastening Mechanism for Wearable Robots
Utilizing the Poisson's Ratio Properties of Braided Sleeves
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KEYWORDS: Wearable robot (Yl|0{21= 22), Braided sleeve (E2{|0|= &2|H), Poisson's ratio (2O} HI), Scissoring effect (7+2] &1, Adjustable fastening (7HH Z=)

This study introduces a novel adjustable fastening mechanism for wearable robots, aimed at alleviating user discomfort
associated with traditional fixed attachment methods. By utilizing the unique scissoring effect of braided sleeves, we
demonstrated that axial manipulation can effectively translate into radial size control, allowing for precise regulation of
fastening force. To address the size limitations of commercial braided sleeves, we developed a large-area fastening
structure by combining multiple braided sleeve sheets. Additionally, we incorporated a wire tendon system to enable active
operation in both Daily Mode (fastening-release) and Exercise Mode (fastening-tightening). Experimental results on an
anthropomorphic model revealed that this adjustable fastening structure offers variable fastening forces, achieving a 4.8-fold
difference between the exercise and daily modes. This research presents a new approach by leveraging the Poisson's ratio
properties of braided sleeves for dynamic fastening, tackling fabrication challenges for large-area structures, and improving
user comfort and compliance in wearable robot applications.

NOMENCLATURE
L, = Initial Vertical Length
L, = Final Vertical Length
W, = Initial Horizontal Width
W, = Final Horizontal Width
AL = Change in Vertical Length
AW = Change in Horizontal Length
€ = Vertical Strain
¢’ = Horizontal Strain
v = Poisson's Ratio
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Table 1 Parameters for small-scale adjustable fastening structure

Specification (Unit) Value
Material PET

Wire diameter [mm] 0.24
Braiding angle [°] 22

Initial vertical length (L, ) [mm] 100
Final vertical length (L f) [mm] 40
Initial horizontal width (W, ) [mm] 13
Final horizontal width ( Wf) [mm] 27
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Fig. 1 Small-scale adjustable fastening structure characteristics and
deformation mechanism. (a) Small-scale braided sleeve and
its braiding angle, (b) Initial length of braided sleeve, (c)
Compressed length of braided sleeve, (d) Arrangement and
working mechanism of the wire tendon structure for diameter
control, and (e) Zigzag installation of the wire, showing the
fixed point and pull point
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@ (b) © %)

Fig. 2 Attachment process of small-scale adjustable fastening
structure. (a) Initial state with expanded diameter, (b) Finger
insertion, (c) Attached state with contracted diameter, and (d)
Increased attachment force under axial load

©

Fig. 3 Detachment process of small-scale adjustable fastening
structure. (a) Attached state on finger, (b) Diameter expanded
for detachment by pulling wire tendon, and (c) Easy finger
removal
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Fig. 4 Flexibility of small-scale adjustable fastening structure. (a)
Closely fitted to the finger and (b) Maintaining close fit
during finger bending.
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: Mode

Transition Switch
y 2 (Daily mode <>
Exercise mode)

) Switch Fixing Part
Customizable Cut (Velcro Structure)
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148 mm

=115 mm
(c) (d)

Fig. 5 Fabrication process of large-area adjustable fastening
structure and mode classification. (a) Zigzag stitching for
fray prevention of sheets, (b) Fabrication of cylindrical
adjustable fastening structure by overlapping two sheets, (c)
Exercise mode and (d) Daily mode

Table 2 Parameters for large-scale adjustable fastening structure

Specification Value (Unit)
Material PET
Wire diameter [mm)] 0.24
Braiding angle [*°] 30
Initial vertical length (L, ) [mm] 148
Final vertical length (L,) [mm] 115
Initial horizontal width (W, ) [mm] 115
Final horizontal width (#) [mm] 164
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Fig. 6 Measurement of fundamental parameters for the fabrication

of a large-area adjustable fastening structure. (a) Shore
hardness measurement result (Shore 00 20), and (b) Skin
friction force measurement result.
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(b)

Fig. 7 Comparison of large-area adjustable fastening structure
before and after tension in low surface friction environment.
(a) Daily mode and (b) Exercise mode
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Fig. 8 Measured holding force graph of large-area adjustable
fastening structure by working mode in low surface friction
environment
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Fig. 9 Comparison of large-area attachment structure before and
after tension in high surface friction environment. (a) Daily
mode and (b) Exercise mode
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Fig. 10 Measured holding force graph of large-area adjustable
fastening structure by working mode in high surface friction
environment
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A Machine Learning-based Approach for Classifying Waveform
Distortion Due to Misalignment in SHPB Experiments
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The Split Hopkinson Pressure Bar (SHPB) experiment is commonly employed to assess the dynamic mechanical properties
of materials under high strain-rate conditions (10*-10* s") through the propagation of elastic stress waves via pressure bars.
The precision and dependability of SHPB measurements are heavily influenced by the alignment of the specimen with the
bars. Misalignment can lead to flexural vibrations, causing waveform distortion and undermining the assumption of one-
dimensional stress waves. While previous research has explored the impact of misalignment on waveform characteristics,
pinpointing the specific sources of distortion from measured signals remains a challenge. This study introduces a machine
learning-based classification method that extracts features from distorted SHPB waveforms to identify the type of
misalignment. Incident wave signals under various misalignment scenarios were simulated using the commercial finite
element software LS-DYNA, and the extracted features were utilized to create a training dataset. Several machine learning
models, including XGBoost, were trained and evaluated, with XGBoost yielding the highest accuracy and F1-score. The
trained model was then applied to experimentally measured distorted waveforms to validate its effectiveness. This proposed
approach facilitates the automated diagnosis of distortion sources in SHPB data, reducing the need for manual
interpretation and improving analysis efficiency.
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Fig. 1 Process of misalignment classification using ML in SHPB
testing
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Fig. 4 Comparison of ideal and distorted waveform
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Fig. 6 Configuration of output points on the cross section for incident wave measurement

Table 1 Material property of bar

Density [kg/m3] 7,850
Young’s modulus [GPa] 196

Yield strength [MPa] 1,550
Possion’s ratio 0.3

Table 2 Dimensions of bar

L [mm)] D [mm]
Striker bar 200 20
Incident bar 1,200 20
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Fig. 7 Distortion of incident waveforms at eight output points under under rotational non-coaxial and impact velocity of 17.5 m/s
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Table 3 Classification performance of ML model

Model rel,;g(;iissstii(():n Decisiontree  KNN  XGBoost
Accuracy 0.82 0.84 0.84 0.93
Precision 0.87 0.87 0.87 0.92

Recall 0.82 0.84 0.84 0.93
F1-score 0.83 0.85 0.85 0.92
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Fig. 8 Feature importance scores of the XGBoost model for
waveform classification
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Development of an Ultra-precision Air-bearing Stage Integrated with
Real-time Motion Error Measurement and Compensation Functions
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This study details the development of an ultra-precision air-bearing stage that integrates real-time motion error
measurement and compensation features. The motion errors addressed include horizontal and vertical straightness errors,
as well as roll, pitch, and yaw errors. These errors are measured by an embedded system that incorporates five capacitive
sensors and a reference mirror within the stage. A key advantage of this stage is its capability to perform real-time
compensation using the internal measurement system and on-stage pneumatic regulators, eliminating the need for external
measurement and compensation devices. Experimental results show a significant reduction in motion errors, with horizontal
and vertical straightness errors decreasing from 3.09 and 1.95 um to 0.29 and 0.25 um, respectively. Additionally, roll, pitch,
and yaw errors were reduced from 3.18, 3.45, and 4.93 arcsec to 0.35, 0.41, and 0.49 arcsec, respectively. These results
clearly demonstrate the effectiveness of the proposed approach.

Manuscript received: July 31, 2025 / Revised: October 22, 2025 / Accepted: October 29, 2025

NOMENCLATURE 0. = Linear Displacement Error [pum]
0. = Horizontal Straightness Error [um]

F, = Left Side Levitation Force of the Stage [N] . .

bt Sid o fihe S O, = Vertical Straightness Error [pum]
F, = Right 1 e LeV1tz'1t10n Force of the Stage [N] . = Roll Error [arcsec]
F, = Magr:ﬂcfA:ractwe Force [N] g = Pitch Error [arcsec]
W = Weight of the Stage [N] &. = Yaw Error [arcsec]
d = Distance from the Permanent Magnet to Center [mm]
! = Distance from the Air-bearing to t Center [mm]
m; = Measured Data of i-th Sensor, (i=1,...,5) [um] 1 M2
b = Distance between the First and Second Sensors [mm] =

= Height between m; and ms [mm]

A7 o) mEste] weh 24U PEe] g +avt
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Fig. 1 Isometric view of the air-bearing stage
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{F}: Measurement sensor coordinate system
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Table 1 Components of the air-bearing stage

Name Features Manufacturer

. . Porous type, LNK Co., Ltd.,
Air-bearing @25 mm round Republic of Korea
Linear Resolution: 5 nm Renishaw Plc.,
encoder ’ United Kingdom
Granite Flatness: 2 pum, I(\:/I(;krI(j tl(\i/h Tech
plate Squareness: 1 prad Republic of Korea
Reference Coated with g};an;-dTech
mirror conductive layers Republic of Korea
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Fig. 5 Coordinate system of the air-bearing stage
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Fig. 8 Experimental environment for linear displacement error
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Table 2 Compensation results of motion errors

Compensation
Parameters Before After Reduction
PV Mean + Standard deviation (%]
O [um] 0.71 £0.03 0.03 +0.01 95.77
O [um] 3.09+0.13 0.29 £ 0.02 90.61
Oy [um] 1.95+£0.10 0.25+0.02 87.18
& [arcsec] 3.18+0.13 0.35 +0.03 89.00
&y [arcsec] 345+0.12 0.41 +0.04 88.12
&, [arcsec] 493+0.14 0.49 £ 0.04 90.06

2H|o|R| 9] 5 wiekel XsFe] Ad ¥ 2 Xf(Linear
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A% 9] @2k= PVgHo] 0.70114] 0.03 umz oF 96% 74519
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Optimization of Electrode Interface Control Process of Soft Electronic
Devices for Low Energy Consumption

SMZI, ZEfsi?, galg?, MM
Seojin Moon', Taeheon Kim?, Minkyu Park?, and Hyunseok Shim'#

{r
-
&
=
ol
El
r
~
[l
>
EF
o
il
@
Q
=
o}
=X
o
o,
m
@
e
3
Q.
Q0
m
@
=}
S
=
5}
w
m
=
. Q
=
@
@
=1
@
o
c
w
)
5
=
>
o
>
Q.
[
>
<
@
2
=

kit (Department of Electrical and Electronic Engmeermg Pusan National University)
# Corresponding Author / E-mail: hshim@pusan.ac.kr, TEL: +82-51-510-7383
ORCID: 0000-0003-2225-0978

KEYWORDS: Threshold voltage (2E1%1¢}), OTFT (7 [2+2t EZHX|AE]), Low energy consumption (K{0f|LHX| AH]),
Galvanic replacement (ZH}<=! X|2t), Soft electronics (4 TXFAKXT)

In this study, we demonstrate a well-established strategy for controlling the threshold voltage (Vi) in organic thin-film
transistors (OTFTs) by applying uniform gold nanoparticle (AuNP) coatings onto silver nanowire (AgNW) electrodes using a
galvanic replacement process in the presence of NaCl. This approach highlights the potential for low-energy consumption
operation. The AuNP coatings effectively adjust the work function of the AgNW electrodes to better match that of the
organic semiconductor. As a result, the OTFT devices show significantly reduced threshold voltages, enhancing charge
injection efficiency and lowering the operating voltage. Additionally, when used as synaptic transistors, the optimized Au-
coated AgNW composite electrodes demonstrate superior neuromorphic performance, including a lower maximum drain
voltage (Vps), indicating a potential for improved energy efficiency per spike event. This advancement marks a critical step
toward developing low-power neuromorphic devices and low-voltage flexible electronics. Our work establishes a practical
methodology for quantitatively and reproducibly controlling Vth through precise modulation of metal coating uniformity,
providing a solid technological foundation for future optimization of organic electronic devices.
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Crumpling

10 mm

Fig. 6 Optical images of OTFTs subjected to different mechanical
deformations, including stretching, crumpling, twisting, poking
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Fig. 7 Transfer characteristics of the rubbery OTFT under stretching,
crumpling, twisting, poking
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Pulse duration
=1,000 ms

-Ips (HA)

NoAu Cp.ci Cnaci, Cnaci,
coating omM 50mM  100mM

Fig. 10 OTFTs fabricated with different electrodes under identical
single square-wave voltage pulses. Electrodes include
pristine AgNWs, Au coated AgNWs without NaCl (0 mM
NaCl), and Au coated AgNWs with NaCl concentrations of
50 mM and 100 mM, respectively
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Fig. 11 (a) Output current characteristics under different drain
voltages (b) Characteristics of drain voltage and energy
consumption per spike
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Development of an Actuator and Controller for Robotic Joints Integrating a
Frameless BLDC Motor and a Stepped Planetary Gear Reducer

:
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KEYWORDS: Robotic joint (2& £&), Frameless BLDC motor (Z24|l2|A BLDC 2 E{), Planetary gear reducer (8470 Zt&7]),
Actuator (2Z0{|0|E4), Motor controller (2E{ X|0{71)

This paper details the design and development of a robotic joint actuator that combines a frameless BLDC motor with a
two-stage stepped planetary gear reducer, as well as a custom-built controller for precise position control. The rotor is
physically coupled to a hollow sun gear shaft to facilitate internal cable routing, and the actuator features a high-resolution
absolute encoder utilizing the BiSS-C protocol. The controller includes a 3-phase H-bridge driver, differential signal
conversion for encoder communication, and a CAN interface for host communication. Position control is achieved through a
PID loop operating at 1 kHz. A prototype actuator and controller have been fabricated, and step response tests were
conducted. Experimental results indicate stable and accurate tracking of position commands, with a short settling time of
0.04773 seconds. These findings confirm the effectiveness of the integrated actuator system for robotic joint applications.
Future work will focus on optimizing internal cable space and implementing sensorless control algorithms.
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Fig. 1 A designed actuator integrating a frameless BLDC motor
and a stepped planetary gear
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Rotor of a BLDC motor

Sun gear shaft

Shaft hub insert

Fig. 2 A section view of the rotor assembly which is made up of a
rotor of a BLDC motor, a sun gear shaft, a shaft hub and a
shaft hub insert

Sun gear shaft

Ring gear

Fig. 3 A disassembly of a stepped planetary gear module. The input
is a sun gear shaft, and the output is an output ring connected
to a ring gear

AFELE 3)H (Shaft Hub), 12|31 AFZE 3 H 9l4E(Shaft Hub
Insert) 2 TAHCHS]. 41 71| AZEL 535 Fejolan, AbTE
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AREE 3B 9jujo] Wolx| 1 BlgiAte] e A ol
g Eelzom Aagc.

2.2 Stepped F47[0] 57| 2& HA
AFoflole Y] & W dolg el ] HES 2He R
T3l Stepped F/7]0] A|IARIC R Fig. 31} o] AASHE

Table 1 The number of teeth in the stepped planetary gear system
and gear ratio

Gear Number of teeth
Sun gear 15
Ist 55
Plant gear
2nd 22
Ring gear 71
Sun-Ring gear 11.8335:1

Fig. 4 The front and back view of the developed actuator. An
absolute encoder is installed on the back side

o] 7]o1 Al&agle f47]e1E 2o R At fdE %4
Al 7101 ARZEZE A WA & 971015 BRI oA o
7871017k & 71el(Ring Geang 2A7]= F2olv). F
Ao g 7|07k &8 7]of7h HaL of7efl &2 (Output Ring)
& At 7447] 2 e s

Table 1°] 7]o152] S5 Aelstgiet. A 7]ojet 74 7]
Ik Afo] e} 7]of H]= 3.6667 : 10]aL /g 7]of 23t & 7]of
Afolo] 7]o] vl 3.2273 : lolth. wheba] A 7]oj(lE 7]o))e}
B 71018 7]°) Atol9] 7]oful= 11.8335 : 10|t}

2.3 WRHO[E] AIMIZ HIZ}

ArollolEl o] e Ryt 3H&7] Fo] Ao wheba] A
AlEs ARSI d5719] 7)o Bad 2H]QlE s 2"
(Stainless Stee)Z 7}EE T, 1 7]0] RES A3t VA
FE5E dF0E Ta(AL606 )= 7 E Ut BB 2] X]A|
o}Z 93A YLEFE QlF T (Absolute Encoder)S oMs:oj|o]E] Q)
A= Fol 2Fslsict. drollolEl9] Y Hof Azbe PEFE
AFHE olgste =9 = I A4=E Aoistr] flsix«=
HE[H (Multi-turn) 7]50] $l= YEFE TS A=)
Fig. 4of| A2t ool o] AAIEF /4= UERASIAL, Table 2
of] AFoflo]E o] AIRFA|(SpecificationyE 7 2]5}31Th.

3. BLDC ZE HESZ &4

3.1 32 M|
Fig. 5o BLDC ®E| 7iESe]9] 328 Bejra vehlsict.
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Table 2 Specification of the actuator

Model Kollmorgen TBM-7631-A
Power 307 W
Frameless Rated voltage 48V
BLDC
motor Rated torque 1.65 Nm
Rated current 109 A
Mass 0.738 kg
Model Renishaw
Readhead MBO039DCC19MENTO00
Absolute Magnetic ring MRA039BC020DSE00
encoder Resolution 19 bit
Multi-turn 16 bit
Communication BiSS-C
Reduction ratio 11.8335:1
Total mass 1.514kg

12v 5V 3.3V
48_V.| 48V to 12V }—.LO| 12V to 5V '——L.| 5V to 3.3V |j_

Hall signals

48v
Mcu I MO.SFET ;4|_> ‘1[_; Enc-
(STM32F103RCT) |  Driver | M
—I_ MOSFET L, L L
Bi //
Pl iss-C
R
“ ansce I N

Fig. 5 A circuit diagram of a BLDC motor controller. It shows a
power part, a MOSFET & H-bridge part, and a communication
part

EE% ZFollA BLDC RE 7EEHS] Hfs 48 V 9i
DCHYL 9y who} 12 V&, 12 Vi= ThA] 5 V&, npzjato g
5 Vi 33 VE DC-DC 73F #ighe 3ir} 12 Vi Al
(MOSFET) EgtolH], 5 Vi= EAlA 2} J&ERE <l3d, 11
3.3VE MCUS| A B30 AFgFT

BLDC R G52 934 6719 NA'd MOSFETS: ©]-8-5}o
H-E 81 2| (H-bridge) 3|22 1A3a}9lc}t. H-E.812]9] High Alo]
=9} Low AJo] =] MOSFET 212 onloff}7] 913 Eetold
ICHE& ARESHRITE MOSFET Eefold] 32 shZ-H3l|
(Half-bridgey8- =2to|] 3715 ARg-3}o] BLDC HEj 2] 348 7k}
S S A=EF S

WERE qlire] T4l W42 BiSS-C Walo|a &
dzvz = v 3zl gt Ao 2 =
t}. PR, MCUOIAE 21202 BiSS-C 541 B4l A
A Fert. 1A MCU9| SPI 5418 S8 288 &9

®
o

o 1% U
e

ol
o)

i

=

]_

Fig. 6 A top and bottom view of a prototype of a BLDC motor
controller

Fig. 7 An experiment of the actuator integrated with the developed
BLDC motor controller

GolElE 92 e WIS AMESiT 371 BiSS-C WAL
2e3 Hlol 415+ X5 AlZ(Differential Signal)= o]0 A
7] wiZe]l MCU2| SPI F4l 4135 A5 A= §igksr] 9
3|4} RS-422 Transceiver ICE-S ©]-&3}3i T},

Ap3] Alol7|2ke] ALS CAN BAL WAL Aelahe s MCU
o 5] CAN E41& L&3sl7] €34 CAN Transceiver ICHS

ol g3kt

3.2 BLDC 26| ZES2| AIFIE A

BLDC me] A= A7ofole] FHlo] H2sto] ohzrol
olelot URIF O A2 Alolct. Fig. 631 2ol Aololel2]
F3% AAS wgstel A% RE AESY Moo Yahe
w9 mopo R F4o] Fel gtk 1ot BAY AAE v
A7)7} dzoflolg] Bt A3 AY A, WE 34 A, TAA L
Az {5 A2 BIHL YA AYER AAHES A
2stelet. kst 13} MY AAEOR FHA T PF
WE| YAES ad Fol 2 ALY 2718 FoH oo
olelsh UAFol 715 HE AESY MES AR Ao|
A BEIA WESIA] ST 4 Gl oletE BY 4 ol
wpo]7] ol

BLDC we AESe o] me9] 91X5oS $18 PID Ao|
g ARGt Al FIE 1 kHae] Ao 772
= 2151},

rok
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Step Response
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Fig. 8 A step response with respect to references of 30° and 0° is
presented at the top. A magnified step response from 0.45 to
0.6 s is shown at the bottom for more details

A2k HFroflo]Eje}t BLDC ®E HEEHE Fig. 71} o]
Adsta, 72 2E HEED = CANGACRE PCeL A4s)
AT} PCoflA] Step FHS HUIL iy FHE AL ¢owA
Step 3H< 71&3}F T

A A Step HHPOZ AFoolH o & A=E 30°% o}
Ak J3H AA ZE JF &2 355.005° THE 3]Astofof
gheh = WA Step WS HrololH o) IH AxE A 9
A2 Foe kg 05 Yoot 1 AF Axto] tigh ez
£ Fig. 8ol Ut iet. ez o) H A2 Step = (Reference)
ZIe 2, AAE A BB S§EE A== 3T Zlo|r
ol JEjZ L 04 62 EQF 30° 183 0°F WFFE= Step
ol et e o) SEE UEict. HEl= Step HE= &
FEoh= A B 5 Uth ofE Iz f1E Iz
0.45904 0.6 Afol9] I E Ffisto] 30° ol tigt Al
A % 2129 253 ApA|5] HojEtt. Step FH-2
of 30% E=gstal, 1 oo HE7} FHshs A &
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Time 0.55773% %2 Z%o| = Qit). waha] HEE 0.047735F
o] /gl =Estict.

o

ol Zofjo]E] ] 55531 4 7]0f ARLES] U40] AL 5 mmit
ole] HAlSe] Bwslr|o WA Eaieh. o|E Sof BLDC
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oldl wHe WY Folth. £7kE & AAZE ¢l BLDC
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6. 22

H oqLof A= Frameless BLDC R E]Q} Stepped -3-437]¢]
A4712 B3R 10 TS o5ololE S A4 W ARtel, o] 2
Alofsl7] 91k BLDC 2| HAEZS /N8It HArololE =
Kollmorgen TBM-7631-A EE]Q} 11.8335 : 19] F&H|E Zh=
25 A7lo] AAEE Fuos Shelom, THAE BSS-C
Ao AHE FAste] At 913 A7t 7hsstes A
oAk AR AAIES o83t A8 S AY AW, BH=
30° g goll thall 0.0477321ko] Aol mEshs As 24l
ahaich.

TS AolM e T WA FHE S Al HoAd A,
AA 2] A|oj(Sensorless Control) 7|52 718t AEED] A4,
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it 2% WA 75 A4l ST 48 4 9 Aow
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A Study on Fabrication of PCD Boring Tool Body based on Metal 3D
Printing Technology

&350, ASH?, AR
Ho Min Son', Dong Gyu Kim? and Min-Woo Sa'#

1 O] AX|O[QHEY 7| HEAdHTLA (R&D Center, SINTEC)

2MIE] (Center for Advanced Cutting Tool and Machining, Daegu Mechatronics & Materials Institute)
# Corresponding Author / E-mail: 79smw42@gmail.com, TEL: +82-53-586-6210

ORCID: 0000-0003-0979-8736

2 (MCH=7 (AR EATE SRSV IEX

KEYWORDS: Metal 3D printing (2 3D Z2I&!), Lightweight part (Z2+&} 2), Polycrystalline diamond (CHEX CHO|02E),
Fused Deposition modeling (82F = REIZ!), Boring tool (HZ! 271)

The future mobility industry is increasingly utilizing advanced tools for cutting and machining lightweight parts to enhance
the fuel efficiency of automotive engines. Machining companies are turning to polycrystalline diamond (PCD) tools to boost
productivity in the production of these lightweight components. PCD tools provide exceptional machining performance and a
long service life, making them ideal for high-mix, low-volume production, which often involves customized requirements for
various materials. To further improve efficiency, this study explores the application of metal 3D printing technology in the
manufacturing of PCD tools. This technology allows for the creation of PCD tools with superior cutting performance and
weatr resistance, tailored for high-speed machining of lightweight materials, including complex shapes. Thus, research into
this area is essential. In this study, we manufactured boring tools by brazing PCD tips onto three different laminated
structures created using Fused Deposition Modeling (FDM), a method within metal 3D printing technologies. We then
evaluated the fabricated boring tools through comparative machining experiments against existing sintered PCD boring
tools. The results indicated that the 3D-printed solid tools demonstrated no significant differences in machining accuracy or
surface quality compared to the conventional tools.
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1. N2 sholEl7l Eate ) Weje] B4 RS <o) ol YEslo]
3 24 ol Fe2 Aol Walolth. of o Wag i

% (Metal) 7|9 3D ZRH(ES AS A X(Additive of =<1 245 Wolfo] E3|HA offolAiE A&KHOoR
Manufacturing)) 7] CAD (Computer-aided Design)ye AH&- 255t d=ETITH3-6]. FDM A5 W41 o] AhS Ae A4}
sto] AR5 FFol Aot 33 YA EAIE ke Ao=H 9 2 e Alxdle] Fa glar, Fagte] %l o A
[1-3], ©] 7|&S &) A&k, 35, =, 9=, A-53h 2 Ad (Personal Protective Equipment)7t Q1.0 H Fc}. ESF 11H]-E9]
T4 Bz 2o Aulo|| A AR A 04% oI5 A9l 7R go|xE AMEslE B8 HE= 3l (Powder Bed Deposition,
FEam QJUBs) F4 A% Axe] WA F 82 4% mUY  PBF) A% WA thul AiMe] S4sta Teks 7 W U
(Fused Deposition Modeling, FDM) &2 82§ Z& %3 (Fused A, G- AR Ago] 7lsslth AREE j®F e 24 A

Filament Fabrication, FFF)2 =2 HRoix & ut-ro} 72= A A 7H(17-4 PH, 316L), 3+ 73(H13, A2, D2),
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3D =g AH|(Metal X System, Markforged, USA)0|11, 2(b)y=
42 e F 47 Ao AHE 27 ] (Sinter-2, Markforged,
USA)E HojZc}.

& PCD 27 3 Hit] AZtoll=
Sict. Table 12 Metal X SystemZ]Z ZH|E 0|83t HI3

HI13 37 &A1& 4149
Cuacs

-

Design Print Wash Sinter Use

Fig. 1 3D printing processing using Metal X system [9] (Adapted
from Ref. 9 on the basis of OA)

e
SINTER-2

(a) Metal X system

(b) Sinter-2

Fig. 2 3D printing equipment [9,10] (Adapted from Refs. 9,10 on
the basis of OA)
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Table 1 Physical properties of H13 tool steel material

Sintered Heat  Forgingheat
state treatment  treatment

Ultimate tensile strength [MPa] 1,420 1,500 1,580

0.2% Yield strength [MPa] 800 1,250 1,360
Elongation at break [%)] 5 5 14
Hardness [HRC] 40 45 46
Relative density [%] 94.5 94.5 100

*Red mark is PCD.

s 0 g g
: \I;;y ) °

100L

(a) 2D CAD

(b) 3D modeling
Fig. 3 2D and 3D design of PCD boring tool

2.3 PCD H2 &7 H|&t

71E 2" HH‘«H Hy F Aol A g 2AQS 7FA AL
B vt 9 dgy vkt GAfE] S Adskeit. ol A=
ofup & G Y odup 2¢1S F3) 2% PCD Tip H2-&

wE) ge) ARke ket o) Aselch. 1Y
T = HAAE Eg|& Metal X System 3D ZHE A0S
90 Solid B HTI2 % Aelch. Tk A3 v 72}
Ql+= Triangle ¥ Grid 2% & Hit]= Eiger AZE ol &
Bgotel A wHS Bz 27 4% AL Agskc
Fig. 5t 3D =250z A3 A2 Solid 37 vhrish e
A} 122 A= A2 Trlangle 9 Grid 3 Bl & 2oiE
oh 7F g @4 o] mE Ry BT uie] Az A
Table 20 YeiSlth =18 &7 2 AlA AJIZES Solid -2
7 o) AR, BE B B vhle] 27 TS FAoH

e

(a) Solid

Fig. 4 Design of inner lattice pattern

(b) Triangle (c) Grid

ik
P ST
sz ey sl oy 1LY

(c) Grid

Fig. 5 Tool body fabricated by Markforged’s Metal X equipment

Table 2 Fabrication time for additive tool body

Type Print Wash Dry
Solid 16h 34 min 29 min 4h
Triangle 13h 16 min 14h 4h
Grid 15h 4 min 15h 4h
3041%k0] Ak e 2 uhY) 4% Az ¥ PCD Tip 47

£ A5 3 virol §25te] PCD K& AAE 25k
t}. Figs. 6= 2|5 A|2HE PCD K& 9] H50= 6(a)y= 7]
= Ay paeR Age 28 249 PCD B BT,
6(by= A5 AAEE Solid 49| PCD Hy -5 HojEth
23l Figs. 6(c)2} 6(d)= Eiger 2ZE{olE F3l AZsH
Triangle W Grid &4}r2] PCD X8 FLo|c}.

24 3T FQ X+

Fig. 72 34+ =% AH|(Genius3, Zoller, German)g %3
PCD 1) 71pe] 8 A4S 2745te] Table 30| Lepfic).
223 ZF2 Lip height @ Runout 18|31 Z|7o|w, 47}4]
PCD 12 Fo] tfa) M= Aol7l Uehin] gk 21 selg
4 QA E3F HAAFAL(WK-4C, CAS, Korea)e =3 PCD
He) 39 FAS SAsH. 37 FA= 7€ AEE
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(a) Steelr body for PCD tool (b) 3DP-Solid PCD tool

(c) 3DP-Triangle PCD tool (d) 3DP-Grid PCD tool

Fig. 6 Photos of the fabricated PCD boring tool = T —
(a) AL6061 workpiece

(c) PCD boring set up (d) Machined workpiece
Fig. 8 Experiment set up

Table 4 Processing conditions for machining

Parameter Value
Cutting velocity [m/min] 100
Feed rate [mm/rev] 0.2,0.3,04
Cutting depth [mm] 21

= ol 24le Bol vl 71g A4S el Fig &
Fig. 7 Dimension measurement set up HAIY AlE](Machining Center, MCT) #H](DST-36D, Daesung
HITEC, Korea)2] A3 Mg ALAS HojZ&t}. Figs. 8(a)= 71

Table 3 Dimension information for PCD boring tools Aol ARG LFulEIE(ALO06) FAAY, 8(by= PCD R

Lip height Runout  Diameter =~ Weight ST 7kl s 71 & ER 7Ree] i 8(ehs MCT o]

Tool type [mm] [mm]  [mm] le] A2E HZ PCD W 3 71ee] iy, 121 8y 7

Steel body 0.002 0.005 26.006 266 A o] mEE vehdlith FAby ThAle Ad] ARgE

3DP-solid 0.001 0.003 26.002 254 PCD H& ¥+ L7 2 Fo] 9lo] LH—‘?’— o 7S Al

3DP-triangle 0.005 0.004 25994 161 T Table 4= S AP 7g2dS el Ao i}
3DP-grid 0.004 0.005 25997 158 S5 100 m/mine]| tfste] 18130 o] FFoR Ty 2315 5t

F VP9l $UT 7R S AR sk

2] Steel B 1A etk 63 BFAE W T2h 32 748 U X% 5
715 7 Solid 771 ¥ Lrekton], B3 R Fx Fage 7 378 F FUEE BAS] 1) 71 W A5l
wet FAZ erebas RS 1T 4 99k 274o| Wasith Fig 9= PCD 83 F72 7HH 4%

ol SAAe] B2 Zgsks AReltk 7k A A4k o
2% 3 B4 /13 E) 334 27 ] (Axiom 100 CMM,

=
roro

3. M=%t PCD 23 32| 713 "ot Aberlink, UK)Z E3] =4 =]t}
3.1 PCD H2! Z70| 7|2 AlS ZH| 3.3 M HEY| &5

E
AAE A% PCD B $70) 7kg BAS BAS] Sls Rk 713 Fdo) oiste] A5k 918 Fig 100} 2ol
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(b) Alicona measurement set up

Fig. 10 Surface roughness measurement set up
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Fabrication and Evaluation of CNT Spray Coated Strain Sensor
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Carbon nanotubes (CNTs) are popular in strain sensors due to their exceptional electrical conductivity, flexibility, and
sensitivity to deformation. In this study, a high-sensitivity strain sensor was fabricated by spray-coating CNT ink onto various
paper substrates, with “lint-free paper” identified as the optimal choice. A total of 10 spray cycles ensured a reliable
conductive coating. To enhance durability and broaden application potential, a PET protective layer was incorporated. The
sensor's performance was assessed through bending tests using a push-pull gauge across a strain range of 0-2%. The lint-
free paper-based sensor exhibited a consistent response up to 1.4% strain. The measured gauge factors (GF) were
121.370 in the 0-0.3% range, 70.999 in the 0.3-0.8% range, and 20.935 in the 0.8-1.4% range. A precise response was
also noted when adjusting the bending angle in 1° increments, particularly within the 0-20° range. Additionally, the sensor
was tested on the human wrist, confirming its viability for wearable applications. These findings indicate that the lint-free
paper-based CNT strain sensor offers high sensitivity and measurement precision within narrow strain ranges. Its
lightweight structure and flexible design suggest strong potential for practical use in areas such as sports monitoring and

human motion detection.

NOMENCLATURE
r = Bending Radius
I = Arc Length
C = Chord Length
¢ = Bending Angle
1. M2
AU} 2 (Carbon Nanotube, CNT)= 53} 7| 412 §-14d =}
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Table 1. Spray-coating parameters used in this work

Parameter Value / Setting

Nozzle diameter 0.7 mm (airbrush)

Atomizing pressure 14 psi (= 0.97 bar)
Nozzle—substrate distance ~15 cm
Spray duration per pass 3s+1s

Passes 10
Drying between passes Rogm temperature,
5 min after each pass
Final drying Room temperature, 60 min

(after 10th pass)

Substrate pre-treatment Substrate pre-treatment

PET

CNT

Copper Tape

- + Paper

/ PET

Wire

Fig. 2 Structural schematics of the fabricated paper-based strain
sensor
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Fig. 5 SEM images of the CNT layer formed on the lint-free paper
substrate after 10 spray coatings
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Fig. 8 Circuit configuration using voltage divider

(d)

Fig. 9 Sensors fabricated using (a) common paper substrate, (b) Hanji
substrate, (c) lint-free paper substrate, and (d) PCB substrate
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Fig. 11 Sensitivity results with respect to coating cycles
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Table 2 Comparison of gauge factor (GF) and stretchability/strain range between this work and previous studies

Reference

Gauge factor (GF)

Stretchability / Strain range & notes

Yan et al., 2021 [1] Varies widely

Wide range depending on method

Kanoun et al., 2014 [2] Varies by fabrication

Application-dependent

Kanaparthi et al., 2016 [3]

Comparable or higher than CNT/graphene sensors

Low strain sensitivity

Wang et al., 2018 [4] 35.75 (tunable)

Up to 45% strain

Thiyagarajan et al., 2022 [S]  Max 31

Moderate bending/strain

Michalet et al., 2015 [6] Low hysteresis, reproducible

Moderate strain range

Wang et al., 2023 [7] Varies widely

Wide range depending on method

Waiyat et al., 2018 [8] 13.07 (tensile), 12.87 (compressive)

Tensile & compressive bending

Jehu et al., 2021 [9] ~linear, low hysteresis

Up to 40% strain

Singh et al., 2022 [10] 118

0-0.35% strain

This work, 2025

121.370 (0-0.3%), 70.999 (0.3-0.8%), 20.935 (0.8-1.4%)

Bending up to 1.4% strain; 0-20° (1° resolution)
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Fig. 14 Evaluation of bending characteristics in the 0-20° range
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Fig. 16 Repetitive bending test results at 5° bending angle
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Shape Optimization of Cable Chain to Minimize Assembly Stress and
Maintained Retention Force under Tensile Loading
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Cable chains are essential in the semiconductor industry for preventing the twisting or sagging of moving cables. They can
be broadly categorized into two types based on their fastening methods, with rivet-based assembly being the most
common. An alternative method utilizes integral locking features without rivets, which simplifies manufacturing and reduces
production costs. However, integral cable chains are more susceptible to breakage during assembly, limiting their use in
various industrial environments.This study introduces a structural design approach aimed at minimizing localized stress
during assembly while ensuring the cable chain meets the required retention force. Design variables were selected from the
modifiable features of the integral cable chain. Through sensitivity analysis, we identified key variables that significantly
influence the retention force, which allowed us to reduce the number of design iterations. By employing finite element
analysis and response surface methodology, we derived an optimal shape that achieved the target pull-out force and
resulted in a 9.7% reduction in assembly stress compared to the original design.
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Fig. 1 FEA modeling and meshing
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Fig. 2 FEA contact and boundary conditions

Table 1 Structure properties

Plastic, PA6

Properties (30-35% glass fiber)
Density [kg/m?] 1,350
Young’s modulus [MPa] 5,469
Poisson’s ratio [-] 0.35
Yield tensile strength [MPa] 141.4
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Fig. 3 (a) Assembly process of cable chain and (b) Unclipping
processes of cable chain
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Fig. 4 (a) Maximum equivalent stress over time during assembly process

and (b) Reaction force over time during the detachment (pull off)
process
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Fig. 5 Equivalent stress distribution at the moment of maximum
stress during assembly process

2.3 6liM ol =S
34 Axte] elgAS A5 Hall, AA" A

Ao £e) 34 5 Hof vrelelgee AgHow
ok AR QPAB7|E ol g3kl st Ow, Fig 62 A
o] A|1ef) A AEhE Rolzrt. A2 Ak A Ao



210/ February 2026

(4.33 mm. 679 N)
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Fig. 7 Tensile test result: load—displacement curve of the cable chain
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Table 2 Parameters — cable chain

Interlocking gap [mm]

Length [mm] L
D§s1gn Fillet radius [mm]
variables
Outer width [mm] W1
Inner width [mm] w2
Objective . . . _
function Maximum equivalent stress Min. F(X) = Opax
Constraint Minimum pull off force 280 N <Fpo
H[mm] 0.1<H<03
L[mm] 10<L<
Design
variables R{mm] =05
W1[mm] 14
W2[mm] 1.8< <2.0
r =Y L
V4

Fig. 8 Geometric model with defined parameters
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Table 3 Design of experiment (DOE)

Design variable =H L R W1 W2 ﬁ?fitelztn Constraint
No. H L R WI W2 Gmax Fro
[mm] [mm] [mm] [mm] [mm] [MPa] [N]
1 0.1 10 14 1.8 0.1 130.8 454.1
2 0.1 10 14 18 03 124.0 369.2
3 0.1 12 14 1.8 0.1 120.2 453.5
4 0.1 12 14 18 03 121.2 370.7
5 0.5 10 14 18 0.1 137.0 452.5
6 0.5 10 14 18 03 131.7 369.1
7 0.5 12 14 1.8 0.1 122.7 452.7
8 0.5 12 14 18 03 126.6 369.7
9 0.1 10 1.6 18 0.1 127.0 468.7
10 0.1 10 1.6 18 03 119.3 437.6
11 0.1 12 1.6 1.8 0.1 126.5 403.5
12 0.1 12 1.6 18 03 118.5 408.3
1305 10 1.6 1.8 0.1 1333 481.1
14 05 10 1.6 18 03 133.6 442 8
15 05 12 1.6 1.8 0.1 119.5 422.4
16 05 12 1.6 18 03 117.6 420.5
17 0.1 10 14 2 0.1 121.9 278.1
18 0.1 10 1.4 2 0.3 130.8 326.0
19 0.1 12 1.4 2 0.1 121.2 211.8
20 0.1 12 1.4 2 0.3 119.4 285.8
21 0.5 10 14 2 0.1 132.9 281.1
22 05 10 1.4 2 0.3 117.1 335.1
23 0.5 12 14 2 0.1 115.6 2159
24 0.5 12 1.4 2 0.3 116.6 300.7
25 0.1 10 1.6 2 0.1 1352 224.9
26 0.1 10 1.6 2 0.3 123.0 195.7
27 0.1 12 1.6 2 0.1 121.7 166.1
28 0.1 12 1.6 2 0.3 119.9 145.9
29 05 10 1.6 2 0.1 126.4 235.5
30 05 10 1.6 2 0.3 118.9 214.2
31 0.5 12 1.6 2 0.1 116.2 172.2
32 05 12 1.6 2 0.3 120.3 156.5
A7} S48 BARo] 710 el Arks AL oln|FTHs)
7} AAgEo] Alols AlQle] Fdf 571 S olg o
tiste] v FFEE AT fl8 5 24 2 pEloR F
3299 viRE SiAS A2t SRSk 2 B9 ol T
Atz HAag HANS7HE om oF 522 7E0] B
01%@1( Il Off Force, Fro)y T=Z&3I3ItE o5 53l 2 Hell&
A8 Fip 9, 107 defusich ol 419 S sovel ool
89 = (Slgmf“cance Level)2 0.05%2 AAstgon gy &

Pareto Chart (6=0.05)
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Fig. 9 Sensitivity analysis - pareto chart for object function
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Fig. 10 Sensitivity analysis - pareto chart for constraint
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D Region Satisfying the Constraint
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Fig. 11 Region satistying the constraint
Table 4 Parameters — region satisfying the constraint
H [mm)] 0.18<H<0.30
Design L [mm)] 10.L0<L<11.0
variables W1 [mm] 1.40<W1<146
W2 [mm)] 1.80<W2<1.98
3.3 B~ e ZHMEY A HISHEMY
YAE BAS viom AAMsge] BAge e
m3ths As ERlsklon, o] Higoz Raglpet A
S50 G VAN YohhaA S5t RIS A1)
el FAREA S A8skei). ofzet 39 &A= 3l 2AE
AR E9 el BAge] ARES dIST 4 o). WeE
e AUkl A9 SFmdnct 2ue v T 7
sto] o AERdt AP RES Aled 4 Qe 29 24 7ol

eI

£ Aol Aol A A A st
PR, 2ate] ogels Suy
2Ag B shoich. et Wby

2} 571 5 Fdslol T 22191 Ak o] B A
A A

RHEA 71 ) @A7E A olel ek, Aol A
1}% ‘ﬂ( equentlal RSM)S #-23lo], W
d

0”\1 Kils “74] Hrse 7IRe R S AlEH (Central
Composite Design, CCD)2 53l )42 AY3}4ct. o= 3
4=5=9] Full-factorial Design Xt} 22 A3l 3]74]&

Table 5 Comparison of simulation and RSM

Design variable=H L R W1 W2 Object function

No. H L W1 w2 Oimax
[mm)] [mm)] [mm] [mm] [MPa]

1 11 1.4 0.18 1.8 1225
2 10 1.46 0.18 1.8 123.8
3 10 1.4 0.3 1.8 120.8
4 11 1.46 0.3 1.8 119.6
5 10 1.4 0.18 1.98 119.5
6 11 1.46 0.18 1.98 116.3
7 11 1.4 0.3 1.98 118.3
8 10 1.46 0.3 1.98 117.0
9 10.5 1.43 0.24 1.89 116.7
10 10.5 1.43 0.24 1.89 116.7
11 10 1.4 0.18 1.8 121.1
12 11 1.46 0.18 1.8 117.7
13 11 1.4 0.3 1.8 118.5
14 10 1.46 0.3 1.8 121.7
15 11 1.4 0.18 1.98 118.9
16 10 1.46 0.18 1.98 121.0
17 10 1.4 0.3 1.98 117.8
18 11 1.46 0.3 1.98 115.7
19 10.5 1.43 0.24 1.89 116.7
20 10.5 1.43 0.24 1.89 116.7
21 10 1.43 0.24 1.89 121.6
22 11 1.43 0.24 1.89 118.9
23 10.5 1.4 0.24 1.89 119.7
24 10.5 1.46 0.24 1.89 117.2
25 10.5 1.43 0.18 1.89 117.9
26 10.5 1.43 0.3 1.89 1194
27 10.5 1.43 0.24 1.8 118.7
28 10.5 1.43 0.24 1.98 117.2
29 10.5 1.43 0.24 1.89 116.7
30 10.5 1.43 0.24 1.89 116.7
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Fig. 12 Relationship between L and W2
Table 6 Optimized design variables
Design H L Wi w2
variable [mm] [mm] [mm] [mm]
Value 0.29 10.7 1.47 1.98
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Y = 319.1549 — 71.303(L) + 109.242(/1) — 334.883(H)
+182.76(2) + 7.828(L * L) + 216.276(W1 * W1)

+ 97.347(H * H) —39.188(W2 * W2) —67.488(L * W1)  (2)

+3.96(L * H) + 0.417489(L * W2) + 155451(W1 * H)
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Fig. 13 (a) Maximum equivalent stress over time during the assembly
process and (b) Reaction force over time during the detachment
(pull-oft) process
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Fig. 14 Comparison of assembly responses between initial and
optimized cable chains

Table 7 comparison between initial and optimized cable chain

Equivalent stress  Pull off force Improvement

[MPa] [N] rate [%]
Initial chain 125.0 344.0 -
Optimized chain 112.9 319.7 9.7
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4. B2

B AN QA Aol A1 olere shuiet 2y gl
A BAO) WS 4 ol 2 B4 A BEE s
SA fRRs HNS T Aol A AA, Haf e
TSI om MSEANS HEfo] 2Y SAL Haokd 5
G GG wESIA Sk ol e NESEHY Mo RL:
T4 29 Ha olFep Wl oSO, wXA
NISEHNS Bl BE o[RS MEsll W wokE 4
3k ¥ o) 571 g2l that weERYS WAskect. ol
B} SSE G 1E A ) oF 97%¢) S g ENE
Holu AF 2T WES. £ A7 AUE Fof FUF
SN AHgEE 7 Aol A HA| % Aol Fhsd

Aol ee] o FHoA K& 7ke] uARl fHo=
Qsto] WS HIEY 5] tEt FEA AL B
WU FF Aol = A FAlEelA BAsh: vEd
e &4, AdA-HEY dA dd mdS ko] Boh A
2hgoll A A H2ekE sAstalst gt
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Real-time Instance Segmentation-based Object Detection and Adaptive
Placing Algorithm for Low Cost Bin-picking System
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KEYWORDS: Real-time object detection (AA|Z+ ZHX]| EtX|), Instance segmentation (QIAEIA M|ZZHE|0|M), Adaptive placing algorithm (S =
Bin-picking process (E11|Z) 27), Inverse kinematics based on optimization (Z|X5} 7|8t H7|72St), Empty hole detection (HI & E4X|)

Robots are increasingly utilized in manufacturing and logistics, where bin-picking has become crucial for managing randomly
placed objects. However, traditional methods often rely on expensive 3D vision systems, have limited adaptability to unstructured
environments, and primarily focus on the picking process, neglecting the placing tasks. To address these challenges, this study
presents a cost-effective system that combines a depth camera, YOLO-based instance segmentation, and optimization-based
inverse kinematics for real-time object detection and stable manipulation. In the placing stage, an adaptive algorithm detects
empty tray holes and generates grid pattems, ensuring reliable placement even in the presence of tray misalignments, occupied
slots, or partial occlusions. Experimental validation revealed a 91% success rate in mixed-object environments during picking
tasks and a 94% success rate for placing tasks, even with tray displacement and occlusion conditions. The resulfs demonstrate
that the system maintains stable performance across both picking and placing processes while minimizing reliance on expensive
hardware and complex initial setups. By enhancing flexibility and scalability, the proposed approach offers a practical solution for
intelligent automation and can serve as a foundation for broader applications in assembly, logistics, and service robotics.
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Object detection
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Computing joint angles from pose data using
inverse kinematics based on optimization
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|

[ Finishing entire process ] L Picking the object }

Fig. 2 Bin-picking process flow chart (before adaptive placing process)
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Table 1 D-H Parameters of the Doosan Robotics A0912

D-H [T];f;ég a [mm] d[mm] [A];I:;i‘:])
Joint 1 6, 0 195 0
Link 1 6 —90 0 39 -90
Joint 2 6+ 90 560 - 0
Link 2 6, 0 516 90
Joint 3 6 0 - -90

End 73 0 124 90

A 2] Aok 21E AL
EES o Qlofof jith

52 &3l 3f(Closed-form) 7|5t &7]4tek> F2 13
S8 ) ooyl 28 wdS AR R i) o] 2 Qs &
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ZASHA] AU Alte] E7FsE A7 AAU = gt 6-
Ao A ZHRO Eolal ek xpAof A% o) 7T ]-
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317]17F o). o volrt IE AR & 3T O:H”T, ZHA]
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Fig. 4 Work range of the Doosan Robotics A0912
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Fig. 5 Adaptive placing process flow chart
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Fig. 8 mAP value using YOLO custom detect model
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Fig. 9 Bolt detection using the real-time instance segmentation
algorithm
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Fig. 11 Experiment on the adaptive placing algorithm (tray with
zigzag-pattern)

Table 2 Experiment result of picking and placing

Experimental Number of Svuccess Mean  Standard
conditions experiment rate error  deviation
6 [mm]  [mm]
Picking
(only bolts exist) 100 95 - -
Placing
+
(only bolts exist) 95 96 0.5 10.4
Picking
(various objects exist) 100 91 - -
Placing o1 o 084 o

(various objects exist)
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Fig. 12 Picking and placing experiments in situations where objects
of various shapes exist
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I Year of Launching

Journal of Korea Society for Precision Engineering was launched by the Korea Society for Precision Engineering in June of
1984. The name was changed to the Journal of the Korean Society for Precision Engineering in December of 1985.

I Aims and Scope

Journal of the Korean Society for Precision Engineering (JKSPE) is devoted to publishing original research articles with high
ethical standard on all aspects of precision engineering and manufacturing. Specifically, the journal focuses on articles
related to improving the precision of machines and manufacturing processes through implementation of creative solutions
that stem from advanced research using novel experimental methods, predictive modeling techniques, and rigorous
analyses based on mechanical engineering or multidisciplinary approach. The expected outcomes of the knowledge
disseminated from JKSPE are enhanced reliability, better motion precision, higher measurement accuracy, and sufficient
reliability of precision systems. The various topics covered by JKSPE include: Precision Manufacturing Processes, Precision
Measurements, Robotics, Control and Automation, Smart Manufacturing System, Design and Materials, Machine Tools,
Nano/Micro Technology, Bio Health, Additive Manufacturing, Green Manufacturing Technology.

I Fee

Subscription Fee:
This print copy of the journal is provided free of charge to the members of KSPE.

Publication Fee:

1. Basic fee (up to eight pages): 200,000 won; additional pages: 30,000 won per page.

2. Manuscripts contributed as a result of funded research will be charged an extra 50%.

3. Publication fee is charged only for the papers contain ‘Acknowledgement’ that represent supports of academic research
project by th fund of government, institutes or university, etc.

4. Publication fee should be paid within 15 days of the receipt of the publication fee invoice.

I Contact Us

[04508] 12F, SKY1004 Bldg., 50-1 Jungnim-ro, Jung-gu, Seoul, Republic of Korea

TEL +82-2-518-2928 / FAX +82-2-518-2937 / paper@kspe.or.kr / https://www.kspe.or.kr

Submission to Journal of Korean Society for Precision Engineering: https://www.editorialmanager.com/jkspe/
Search for Journal of Korean Society for Precision Engineering: https://jkspe.or.kr/



I Rules for Submitting and Publishing Papers

Article 1 Purpose

The rules are designed to specify matters related to the submission and publication of papers in Journal of the Korean
Society for Precision Engineering (hereinafter referred to as the “Journal”) of the Korean Society for Precision Engineering
(hereinafter referred to as the “Society”).

Article 2 Submitter
The corresponding author and the first author of the submitted paper must be members of the Society. With special
permission by the Editor-in-Chief, however, the person can be treated as the exceptional case.

Article 3 Responsibilities and Compliance with Code of Ethics

A.The Authors are responsible for the submitted paper.

B. With regard to their submitted paper, all its authors must comply with ‘Code of Ethics for Academic Activities of the
Korean Society for Precision Engineering’. When any of the authors violates Code of Ethics for Academic Activities, the
Editor-in-Chief may disallow or cancel the publication of the paper and impose disciplinary actions as specified.

Article 4 Scope of Research

The scope of research for the paper shall cover areas of precision engineering such as Precision Manufacturing Processes,
Precision Measurements, Robotics, Control and Automation, Smart Manufacturing System, Design and Materials, Machine
Tools, Nano/Micro Technology, Bio Health, Additive Manufacturing, Green Manufacturing Technology, and the paper must
not have been published in any other publication.

Article 5 Categorization of Submissions

The paper submitted to the Journal falls into one of the categories below, and should be within eight pages, which may
be exceeded if need be.

A. Ordinary paper: The paper that shows excellent scholarship, practicality, and applicability.

B. Special paper: The paper that is written in accordance with a special provision for special papers.

C. Other submissions: Forecast, explications, lectures, and other writings.

Article 6 Submission

A.The Paper is accepted anytime and submission date is the day submission is completed at the Society.

B.The paper must be written in compliance of the template specified by the Society to be registered and submitted.

C.The paper that is found not to comply with ‘Rules for Submitting and Publishing Papers in Journal of the Korean
Society for Precision Engineering’ and ‘Guidelines for Manuscript Writing’ may not be accepted.

D.The submitted paper shall not be returned.

Article 7 Review and Decision to Publish Paper

A.The Editor-in-Chief shall decide whether to publish the paper or not.

B.The review of the paper is conducted by two reviewers recommended by the Editor-in-Chief, and the review and the
decision over its publication shall comply with ‘Rules for Reviewing Papers for Journal of the Korean Society for
Precision Engineering Paper Review Rules’.

Article 8 Copyright

A.The authors shall be responsible for the content of the paper.

B.The author(s) must transfer the copyright for the submitted paper to the Society, and for this purpose, the
corresponding author(s) must submit ‘Research Ethics and Copyright Transfer Agreement’.

C.The copyright for the submitted paper or other submissions shall lie with the Society and may not be reproduced
without authorization from the Society.

D.The author(s) may use part of their paper or other submissions published in the Journal in their other research,
provided the published paper is referenced as its source.

Article 9 Disclosure of Materials
The Society may disclose a paper or other submissions in print or as online publications.

Article 10 Manual of Style

A.Writing and editing the paper to be submitted to the Society must comply with ‘Guidelines for Manuscript Writing’
provided separately.

B. Editorial Board may edit the selected paper so that terms, characters, and orthography may comply with ‘Guidelines
for Manuscript Writing’.

Article 11 Publication Fees

The author must pay the specified fee for the paper published in the Journal. For the paper that exceeds the specified
number of pages, the author must pay the fee for those extra pages. The fee for extra pages shall be decided by the
board of directors.



I Guidelines for Manuscript Writing

1. Manuscripts should be written according to the format of the Journal (https://www.kspe.or.kr) and should be
submitted online (https://www.editorialmanager.com/jkspe/).

2.The manuscript should be organized in the following order: (1) The title in Korean, (2) The title in English, (3) Author
names in Korean, (4) Author names in English, (5) Affiliations in Korean and English, and information of corresponding
author, (6) Keywords, (7) Abstract, (8) Date of submission, (9) Introduction, (10) Main body (Theory, Experimental,
Results, Discussion) (11) Conclusion, (12) Acknowledgements, (13) References, (14) Appendices, (15) Position format

3. A manuscript may be written in Korean or English. If necessary, the original terminology may be provided in
parentheses to avoid confusion.

4. The manuscript title must be expressed concisely, preferably in ten words or less, and Keywords must be written in
English, with Korean translations in parentheses, and numbering six words or less.

5. The abstract must be written in English and not exceed 200 words. Figures and tables shall not be included in the
abstract.

6. Figures and tables shall be numbered in order in the main text, and captions should be written in English. Captions
shall be labeled beginning “Fig. 1” for figures and “Table 1” for tables.

7. Arabic numbers and Sl units shall be used in principle.

8. References shall be numbered in order of quotation.
(1) Citation in the main text: First author’s last name with reference number in square brackets. e.g.) Hong [1]
(2) References shall be written in English at the end of the main body with the following formats.

e Books: Author names, (Year of publication), Book title, Publisher.
¢ Periodic Articles: Author names, (Year of publication), Paper title, Journal name, Vol.(No.), Cited pages.
e.g.) Hong, K. D, Kim, C. S., (2022), A method to investigate mechanical properties, John Wiley & Sons.
Hong, K. D., (2022), A method to investigate mechanical properties, Journal of the Korean Society for
Precision Engineering, 39(1), 1-18.
9. Appendices shall be formatted in the same way as main body text.

I Author’s Check List

1. Are the affiliations of all authors indicated with the correct symbols?

2. Does the manuscript adhere to the style set forth in the template?

3. Are Korean and English titles written in ten words or less?

4. Are keywords written in English with Korean in parentheses, in six words or less?
5. Are all symbols listed with correct nomenclature and proper description?

6. Are all figures containing abscissas and ordinates labeled with the correct symbols and units?
7. Does the manuscript use Arabic numbers and Sl units?

8.Is the English abstract within 200 words?

9. Are the captions of tables and figures in English, corresponding to the format?
10. Are appendices formatted in the same way as main body text?
11. Is the manuscript written according to the guidelines of the journal?



I Rules for Reviewing Papers

Article 1 Purpose

The Rules are designed to specify matters related to the review of papers submitted to Journal of the Korean Society for
Precision Engineering (hereinafter referred to as the “Journal”) of the Korean Society for Precision Engineering
(hereinafter referred to as the “Society”).

Article 2 Submission and Reception

A.The person who wants to submit the paper to the Journal shall use the Society’s paper submission system to submit
the paper that has been written in compliance with the Society's rules for submitting papers, which the Society shall
receive.

B. Notwithstanding the provision of A., the paper may be submitted and received in other ways so long as the Editor-in-
Chief approves it.

C.The Society shall basically receive papers that are related to the Society’s areas of research. The Editor-in-Chief may
refuse to receive the submitted paper, if it is not related to the Society’s areas of research or has not fulfilled the
requirements. Areas of research are specified in ‘Rules for Submitting and Publishing Papers in Journal of the Korean
Society for Precision Engineering’ and ‘Guidelines for Manuscript Writing’.

Article 3 Selection of Reviewers

A.The Editor-in-Chief shall consider the areas for the submitted paper and assign its review to the Editor in the relevant
area, and the Editor shall assign the Editorial Board Member in the given area as the review supervising Editorial
Board Member.

B.The review supervising the Editorial Board Member shall select and recommend to the Editor-in-Chief who he or she
deems fit for the review of the submitted paper.

C.The paper shall have two reviewers while the third reviewer may be appointed, in which case, the paper shall have
the maximum of three reviewers. Reviewers shall basically belong to the different institution than the authors of the
paper belong to.

D.The Editor-in-Chief shall send the email to the recommended reviewer to confirm the acceptance of the reviewing
duty. In case any of the recommended reviewers refuses to serve as the reviewer, the Editor-in-Chief shall ask the
relevant The Editorial Board Member to recommend some other candidate.

Article 4 Review Procedure

A. Following the comprehensive review of the paper, the reviewer shall record results of the review supported with
objective grounds and make the clear request for revision, if necessary.

B. For the review, the reviewer must choose ‘Accept’, ‘Accept Subject to Minor Revisions’, ‘Re-Review after Major
Revisions’, or ‘Reject’.

Article 5 Review Period
A.The Editorial Board Member for the Journal must select reviewers within seven days from the appointment of the
Editorial Board Member, and the reviewers who are asked to review a paper must complete the review within 14 days
from their acceptance of the reviewer’s duty for the primary review and within seven days for the secondary review.
B.The ruling by the Editor and the Editorial Board Member must be completed within seven days from the reception of
review results.
C.In case the reviewer candidate fails to accept the reviewer’s duty for more than fourteen days from the request, the
candidate may be replaced with another reviewer.
D. If review results fail to arrive for more than three months from the reception of the paper in contravention of the
above provision, the following may be put into action.
@ If one of the reviewers has failed to deliver review results: The Editorial Board Member for the specific paper shall
review it within seven days from the expiry of the three months.
@ If all of the reviewers have failed to deliver review results: The Editor and the Editorial Board Member for the
specific paper shall review it within seven days from the expiry of the three months. If the Editor is the same
person as the Editorial Board Member, the Editor alone may perform the review procedures.

Article 6 Deadline for Author’s Revision

A.The author must resubmit the revised paper that reflects requests for revisions in accordance with the Editor-in-Chief
decision based on review results within thirty days for ‘Re-Review after Major Revisions’ or within fourteen days for
‘Accept Subject to Minor Revisions'.

B.In case a revised paper fails to be submitted for more than thirty days from the submission deadline, the Editorial
Board may cancel its publication, and if the author wants a review to continue, he or she must resubmit the paper.



I Rules for Reviewing Papers

Article 7 Decision over Publication

A.The Editor-in-Chief shall make a final decision on whether to publish a paper or not by reviewing the results of the
review by two reviewers and considering the comprehensive evaluation by the editing director and the Editor for the
paper.

B. A paper that has been ruled as ‘Reject’ by two or more reviewers cannot be published in the Journal.

Article 8 Review of Special Papers

A.The Editor-in-Chief shall appoint a Special Editor for supervising the special paper, with recommendations from the
officers of the Society.

B.In case a Special Editor is the Director or the Division Chairman of the Society, the Special Editor shall supervise the
selection of two reviewers for the review of the submitted paper and decide whether to publish it solely based on the
review results. In case the Special Editor is not the Director or the Division Chairman of the Society, the Board of
Editing Directors shall select the Editor for supervising the review of paper.

Article 9 Confidentiality

A.The reviewer shall not disclose his or her assumed status to anyone else.
B.The name of the author may be disclosed to the reviewer.

C. Review results shall not be disclosed to anyone but the author.

Article 10 Objection

A. If the author raises an objection to the review results, the exchange of views between the reviewer and the author
shall proceed through the Editor. When the reviewer and the author want to exchange their views, they can do so
through the mediation of the Editor.

B.The author’s request for the re-review shall not basically be accepted.

Article 11 Review Fee
If necessary, the specified editing fee may be paid to the Editor and the Editorial Board Member, while the specified
review fee may be paid to the reviewer.



I Code of Ethics for Academic Activities

¢ Full Text of Code of Ethics for Academic Activities of the Korean Society for Precision Engineering: https://jkspe.or.kr/policy/ethics.php
* For the policies on the research and publication ethics not stated in this instructions, International standards for editors and authors
(http://publicationethics.org/international-standards-editors-and-authors) can be applied.

Chapter 1
Overall
Rules

Chapter 2
Author

Article 1 Purpose

This regulation aims to establish the ethical standard for the members of this institute to comply with and to contribute
to the healthy development of academics and society in order for our academic activities related with the Korean
Society for Precision Engineering (hereinafter referred to as the “Society”) to not infringe the dignity and value of
human beings and maintain a high ethical standard that does not damage the benefits of public society.

Article 2 Application Area of Code of Ethics

A. The code applies to the overall academic activities including all academic journals, academic conferences,
symposiums, workshops, forums, etc. published and held by the Society.

B. The code applies to all authors, reviewers, Editorial Board Members (hereinafter referred to as “EBM”, and hands-on-
workers in the service bureau related with the above academic activities.

C. Other items not set forth above may comply with this article, each level of regulations of Ministry of Education and
its annex institutions.

Article 3 Scope of Misconduct

Misconduct suggested in this code include forging, falsification, plagiarism, and false indication of the author of the

paper in academic activities, papers and presentations related with the society, and are as follows:

A. ‘Forging’ is the act of creating false data or non-existent research results.

B. ‘Falsification’ is the act of perverting research content or results by artificially modifying research ingredients,
equipment or processes, or arbitrarily modifying and deleting data.

C. ‘Plagiarism’ is the act of appropriating others’ ideas, research contents or results without proper approval or
quotation.

D. ‘False indication of the author of the paper’ is the act of not granting the qualification as an author of the paper
without a reasonable cause to a person who contributed scientifically or technically on a research content or result,
or granting qualification of an author of the paper to a person who did not contribute scientifically or technically to
express gratitude or show respect.

E. ‘Duplicate publication’ is the act of publishing the same content to two or more academic journals.

F. Activity of intentionally interfering investigation on the doubts of one’s own or other’s misconduct, or disturbing the
informant.

G. Activity that seriously deviates from the scope commonly accepted in the science and technology sector.

H. Activity other than the misconduct set forth above that needs to be independently investigated or prevented by the
Society.

Article 4 Honesty of Author

A. The author shall be honest in research carried out by an individual. Here, honesty refers to honesty in overall
research processes including derivation of ideas, designing experiments, analyses of experiments and results, research
funds, publishing research results, and fair compensation to research participants.

B. The researcher shall consider plagiarism, fraud, manipulation and falsification during research as serious criminal
activities, and endeavor to prevent these misconducts.

C. The author shall announce and properly respond in case of contradiction or the possibility of contradiction of
benefits of one’s own and others or other institutions.

Article 5 Authorship

It is recommended for every author including the first and corresponding author that authorship be based on the

following 4 criteria:

A. Substantial contributions to the conception or design of the work; or the acquisition, analysis, or interpretation of
data for the work; AND

B. Drafting the work or revising it critically for important intellectual content; AND

Final approval of the version to be published; AND

D. Agreement to be accountable for all aspects of the work in ensuring that questions related to the accuracy or
integrity of any part of the work are appropriately investigated and resolved.

0



I Code of Ethics for Academic Activities

Chapter 3
Roles and
Responsibilities
of Members
of Society

Article 6 Compliance of Authors
A. During the research implementation process of the submitted paper, the author shall respect human rights, comply

with life ethics, and obtain universality such as environment protection.

. In the submitted paper, the author shall accurately illustrate the research content and its importance without

perverting the research result.

. The submitted paper shall comprehensively include an academically valuable result and its basis of argument. If the

paper asserts for a conclusion similar to an already announced paper, it should be academically valuable for a new
basis of argument.

If citing a public academic data, its source must be clearly stated. For data obtained from an undisclosed paper,
research plan or personal contact, it should be cited after consent from the researcher who provided the information.

. Using the whole or part of another researcher’s research result without citing the reference corresponds to

plagiarism and is not allowed.

. The activity of duplicate publication by an author in the journal issued by the society where the paper is already

published or planning to publish in other academic journal is considered misconduct and not allowed. Submitting
content already presented in academic conferences or seminars by rewriting in a paper according to the academic
journal standard is generally accepted, but it must additionally have an important research result for the relevant
presentation.

All researchers who made important contributions to research implementation shall become co-authors, and the
representative author of the paper must have consents from all co-authors. For outside academic support such as
administrative and financial support, provision of research data or simple academic advice shall be indicated in the
‘Acknowledgement’ for its content.

Indicating a person who did not make academic contribution to research or falls short of contribution based on
causes outside academics is unethical conduct that defames the dignity of academics.

. In relation to copyrights, if approval of a person in charge is needed, the author must be granted approval before

submission of the paper, and confirm that there will be no dispute of contract or ownership that may be affected by
the publication of said paper.

Article 7 Compliance of Editorial Board Member (EBM)
A. The EBM shall fairly and objectively execute the revision process of the paper according to the set regulation without

prejudice on the author’s gender, age, race, affiliated institution or personal acquaintanceship with the author.

B. The EBM shall determine whether to reconsider or publish the paper based on the consistent standard of the review

C.

results for the submitted paper.

If it is determined that due to the lack of EBM’s knowledge in the research area of the submitted paper, there may
be difficulty in judging the result, the EBM may be advised by a person with professional knowledge in the relevant
area.

. The EBM shall not disclose or make use of the information acquired in the review process to others. Before the

publication in the journal, it is not even allowed to cite the content of the relevant paper without the consent of the
author.

. The EBM has the responsibility to monitor any unethical activity of the author and reviewers, and when ethically

inadequate behavior is discovered; the EBM shall investigate and give proper sanction as required by immediately
reporting to the Editor-in-Chief.

. If the submitted paper has direct interest with the EBM, it should be reported to the Editor so that the relevant

paper can be examined by another EBM.

. In case of reasons that prevent the EBM to promptly process the duty, it is advised to report to the editorial office

of the society or the Editor.

. In case of discovering any unethical activity from a submitted paper or reviewing process, or in case of deprecation

on unethical activities, the Editor shall determine the importance of the case, and organize an Investigation
Committee with EBM in the relevant area if needed. The Editorial Board determines the level of sanction to the
relevant person based on the report by the Investigation Committee, and if the already published paper is related,
the publication of the relevant paper may be retracted and cancelled.

Article 8 Compliance of Reviewers

A.

The reviewer shall fairly and objectively perform reviewing duty for examining the paper according to the set
regulation without the prejudice on the author’s gender, age, race, affiliated institution or personal acquaintanceship
with the author. Personal academic beliefs that have not been completed, verified or under judgment based on
assumption must be eliminated.

. The reviewer, in order to assure the secrecy of reviewing the paper, must not disclose or make use of information

acquired in the process of reviewing to others. Before the publication of the paper, it is not allowed to even cite the
content of the relevant paper without the consent of the author.



I Code of Ethics for Academic Activities

Chapter 4
Verification
Process and
Standard

C.

The reviewer must respect the personality of the author as a professional. The reviewer shall endeavor to write the
objective reviewer’s opinion in an academically modest way by eliminating personal and subjective evaluations and
offensive expressions. The reviewer shall state in details the review comments and basis for the comments of the
paper under review.

. It is prohibited to request for additional information or explanation to the author for the reviewer’s personal
purpose.

. If the similar content to the paper disclosed in other academic journal has been included in the paper without

citation, the EBM should be notified in detail.
If the reviewer is in direct interest with the requested paper or it is determined that the reviewer’s own professional
area is not suitable for examining the submitted paper, the reviewer should immediately notify the EBM in charge so
that other reviewers may be appointed. Also, in case of reason for not being able to finish the review within the
deadline, it needs to be notified to the EBM.

Article 9 Ethics Committee

A

In case of breach of ethics and suspected cases during academic activities, the society may organize an Ethics

Committee (hereinafter referred to as “Committee”) to investigate the truth.

Organization and Duties of Committee

@ The Committee shall be composed of one chairman and five members.

(@ The Vice-President in charge of academic affairs shall be the chairman, and members shall be selected from the
board of directors, and appointed by the chairman.

(® The chairman and members shall take office for 1 year from January 1 to December 31 and can be reelected.

(@ The chairman shall represent the Committee and take charge of overall duties for ethics of society.

Article 10 Function of Ethics Committee
The Committee shall act in the following manners:

A

B
C
D
E

. Establish and promote research ethics.

. Prevent and discourage research misconduct.

. Deliberate and vote on research misconduct.

. Determine sanctions for wrongdoers and report the result to the board of directors.

. Improve and enhance other research ethics.

Article 11 Convocation and Voting of Ethics Committee

A.

The Committee shall be convened by the chairperson as needed, held in attendance of the majority of members,

and resolved by over two-thirds of registered members’ agreements.

. The decision shall be notified to the suspected person (accused) of misconduct, and the explanatory opinion shall be
received in writing within 15 days.

. The Committee shall review an explanatory opinion from the suspected person of misconduct, and hear an opinion
if needed before making the final decision.

. The decision shall be reported to the board of directors for the final decision.

. If the chairman deems it necessary, opinions by a person other than external personnel or members can be heard.

Presented content by participants and details of the Committee shall be undisclosed in principle.

Article 12 Reporting Research Misconduct

A

Research misconduct may be reported in writing with related documents attached according to the five W’s and one

H. However, even if anonymously reported, if it is clear based on the five W’s and one H, the Committee may review

the initiation of investigation.

. The Society shall endeavor not to give any disadvantage, discrimination, unreasonable pressure or damage to the
informant for reporting misconduct.

. The identity of the informant shall not be subject to disclosure, and the best measures shall be taken to prevent
identity disclosure.

. In case the informant wishes to know the investigation schedule and procedure after reporting misconduct, the

Society shall respond sincerely.

. The informant who made the report although it was known or it could be known that the information given is false

shall not be subject to protection.
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Article 13 Sanctions on Research Misconduct and Follow-up Actions

A

B.

The author whose research misconduct has been confirmed shall be imposed with sanction by selecting from the

following considering the severity of the misconduct according to the decision made by the Committee:

(@ Cancel publication of relevant research subject to the Society publication

(@ Prohibit submission of paper to the journal issued by the Society for five years

(® Prohibit presentation in the Society academic conference for five years

@ If the relevant paper has already been published, notify cancellation of publication in the relevant academic
journal, and notify the misconduct to the affiliated institution of the wrongdoer

(® Cancel membership to the Society

If the informant intentionally made a false report, the sanction equivalent to the research misconduct may be given

according to the decision of the Committee.

Article 14 Protection of Rights of Examinee

A.

The examinee refers to a person who has become the subject of investigation for misconduct due to the report or
cognition by the Society or related institution, or a person who has become the subject of investigation by
suspecting of taking part in misconduct during the investigation process. The examinee shall not include testifiers or
witnesses.

. The Society shall be careful not to violate the dignity or rights of an examinee during the verification process. Also,

until the confirmation of the results, the examinee shall have an equal opportunity for objection or defense, and
shall be notified in advance of the related procedure.

. The suspicion on misconduct shall not be disclosed to the public until the judgment has been confirmed. However,

this does not include cases where serious risk may be present to public welfare or social norms.

. The examinee may request for investigation and processing procedure as well the processing schedule for misconduct

to the Society, and said the Society shall respond sincerely.

Article 15 Disclosure of Record and Information of Investigation

A.

The Committee shall store the investigation report of the entire investigation process obtained in the form of voice,
video or written document for at least 5 years.

. The report of investigation and list of investigators may be disclosed after judgment has been made.
. If the list of investigators, witnesses, testifiers, or consultants has the possibility to cause disadvantage to the

concerned personnel, it may not be disclosed.

Article 16 Report of Investigation Result

A.

B.

The Committee shall report the confirmation of the examined content to the board of directors within 6 months of
the submission date after completion and judgment of the investigation.

The report of the result must include each of the following items:

@ Content of information

(@ Misconduct subject to investigation

() List of investigators of Investigation Committee

(@ The role of the examinee in the relevant research and validity of misconduct

(® Related evidence and witnesses

(& Objection or defense by informant and examinee, and its processing result

C. Until the final judgment on the research misconduct, it must not be disclosed to the public.
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JOURNAL OFTHE KOREAN SOCIETY FOR PRECISION ENGINEERING

Indexed in SCOPUS, KClI SCOPUS S#%|(2017~), KCI S 2] (2001~)

1984'4 27k AZH123], O 1 LA
ISSN 1225-9071(Print) / 2287-8769 (Online)
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IJPEM-ST

INTERNATIONAL JOURNAL OF PRECISION ENGINEERING AND MANUFACTURING-SMARTTECHNOLOGY

2023 New Journal 20234 27k 1723|1978 19 il

ISSN 2951-4614(Print) / 2951-6382(Online)

INTRODUCTION 1. Full Open Access
2. Research papers, Short communications, Technical briefs,

Position papers, Industry case studies

AIMS AND SCOPE e Big Data Analytics and Informatics e Augmented, Virtual and Extended Reality
e Sensors, Instrumentation and Process Monitoring e Human-Robot Interaction, Augmentation and
e Prognostics and Health Management (PHM) Collaboration
e Industrial Internet of Things (IlOT) e Autonomous Things

e Industrial Artificial Intelligence
e Digital Twin, Cyber-Physical Systems (CPS) and
Metaverse

WEBSITE www.ijpem-st.org



IJPEM

INTERNATIONAL JOURNAL OF PRECISION ENGINEERING AND MANUFACTURING

2024 Impact Factor: 3.6 SCIE, SCOPUS, KCI S| IANUARY 22 |

200044 2, HZH123], O3 1 2
ISSN 2234-7593(Print) / 2005-4602 (Online)

INTRODUCTION 1. Regular paper, Short communication, Review paper
2. X StEfiE| Ui =5 & 24 == M™ = A
3 U CIREE = Z2 =R A A B

AIMS AND SCOPE ¢ Precision Manufacturing Processes * Machine Tools
* Measurements and Control * Nano/Micro Technology
* Robotics and Automation * Bio Health
* Manufacturings System ¢ Additive Manufacturing
¢ Design and Materials

SPECIAL ISSUE TOPIC |~ 2023: Robots for Manufacturing Processes and Systems

2024: Semi Conductor Manufacturing
2025: I[UPEM 25th Anniversary Special Issue
2026: Humanoid Robots and Physical Al and for Manufacturing

IJ PEM 'GT INTERNATIONAL

JOURNAL OF
INTERNATIONAL JOURNAL OF PRECISION ENGINEERING AND MANUFACTURING-GREEN TECHNOLOGY PRECISION

ENGINEERING AND
2024 Impact Factor: 5.6 SCIE, SCOPUS, KCI SAiA|

MANUFACTURING
201418 27, A7 63), B4 19 WY
ISSN 2288-6206 (Print) / 2198-0810(Online)

INTRODUCTION 1. Regular paper, Short communication, Review paper
2. =N stz e =R S 2+ == MY =AM
3 U CIRRE+ Z2 =R AU H SR

AIMS AND SCOPE e Energy Saving and Waste Reduction in e Design and Manufacturing of Green Products
Manufacturing Processes e Materials for Green Manufacturing
¢ Manufacturing of New and Renewable Energy e Management and Policy for Sustainable
Devices Manufacturing
SPECIAL ISSUE TOPIC 2016: Hybrid Manufacturing

2017: 4D Printing

2018: Sustainable Manufacturing in 4th Industrial Revolution

2019: Energy Harvesting

2020: Green Smart Manufacturing

2021: Soft and Green Manufacturing and Applications

2022: Green Manufacturing Coping with Climate Change and Pandemics
2023: NetZero, Achievable by Manufacturing?

2024: Advanced Manufacturing for ESG

2025: Autonomous Manufacturing with Green Technology

2026: Autonomous Manufacturing for Sustainable Industry




INTERNATIONAL JOURNAL OF
PRECISION ENGINEERING AND

MANUFACTURING

IJPEM is published by the Korean Society for Precision
Engineering with Springer. The journal has a history of 26 years
and aims to disseminate relevant fundamental and applied
research works of high quality to the international precision and
manufacturing engineering community. The journal is indexed
in SCIE (Impact factor 3.6) and downloaded more than 148,000
times a year around the world

Topics of the Special Issue cover novel research
contributions of precision engineering and
manufacturing - theories and applications in the field of

Humanoid Robots and Physical Al for
Manufacturing

The potential focus areas to be covered in this Special Issue include,
but are not limited to:

- Embodied Al for factory-level decision making and control

- Humanoid robots for precision manipulation and tool use

- Al-based learning from human demonstrations in industrial tasks

- Perception and action integration in complex factory environments

- Dexterous manipulation with vision and tactile feedback for contact-
rich tasks

- Safe and adaptive human-humanoid collaboration

- Integrating physical Al with digital twin, mixed reality, and large
language model (LLM)

- Applications of physical Al in flexible and modular manufacturing
systems

- Design, modeling, and control of anthropomorphic mechanisms
- Deployment strategies of humanoid robots in legacy factory systems

- Case studies and real-world demonstrations of humanoid systems in
production

@ Springer

the language of science

JANUARY 2025

| Guest editors
Jongeun Choi
(Yonsei University, Korea)

Huitaek Yun
(KAIST, Korea)

Jingang Yi
(Rutgers University, USA)

| Submission Procedures
Deadline for Submission Date:
February 28, 2026

Publication Date:
September 1, 2026

Volume, Number:
Vol. 27, No. 9

K= : E= Korean Society for

..... Precision Engineering



pISSN: 2288-6206 / eISSN: 2198-0810

INTERNATIONAL
JOURNAL OF PRECISION
ENGINEERING AND
MANUFACTURING
GREEN TECHNOLOGY

About IJPEM-GT s

PRECISION
IJPEM-GT is co-published by the Korean Society ENGINEERING AND
for Precision Engineering and Springer Nature. MANUFACTURING

The journal is published bimonthly, and JCR 2024
impact factor is 5.6, which ranks it top 12% (22/182)
journal in the category of Engineering-Mechanical
and top 22.5% (16/71) journal in the category of
Engineering-Manufacturing.

JANUARY 20256 |

Impact Factor: 5.6 by JCRin 2024

Topics of the Special Issue cover novel research contributions |1 Guest editors:
of “Green” precision engineering and manufacturing - Prof. Martin B.-G. Jun

theories and applications in the field of (Purdue University, USA)
Prof. Young Tae Cho

(Changwon National University, Korea)
Prof. Sanha Kim

Sustainable Industry ﬁmikk,ﬁ
ror. >eo im

(Yonsei University, Korea)

Autonomous Manufacturing for

The potential focus areas to be covered in this Special Issue o
include, but are not limited to: I Submission Procedures

) ) ) ) Deadline for Submission Date:
« Cyber-Physical Production Systems for Sustainable Manufacturing ~ November 30, 2025
- Green Robotics and Intelligent Control in Smart Manufacturing ~ Publication Date:
. o : : . May 1,2026
- Sensing, Monitoring and Diagnostics for Green Manufacturing

. . . Volume, Number:
« Integration of Al in Manufacturing Vol. 13, No. 3



ACCESS

International Journal of
Precision Engineering and
Manufacturing

SMART TECHNOLOGY

JANUARY 2026 II"” | | ‘

International Journal of
Precision Engineering and
Manufacturing

SMART TECHNOLOGY

VOLUME 4, NUMBER 1

16382 _onine

e <=pE
IJPEM-Smart Technology (hereinafter ‘1JPEM-ST’) is a new-launched
academic journal which will be published by the Korean Society for

Precision Engineering (KSPE). Submit an JPEM-ST

http://submit.ijpem-st.org

Aims and Scope

Under the great wave of the 4" industrial revolution, smart technology is becoming ever more important
in the precision engineering and manufacturing fields. International Journal of Precision Engineering
and Manufacturing-Smart Technology (IJPEM-ST) is a fully open access, international journal that aims
to rapidly disseminate relevant fundamental and applied research works of high quality to international
academic and industrial communities. The journal's specific focus areas in the precision engineering
and manufacturing fields include, but are not limited to:

v Big Data Analytics and Informatics

v Sensors, Instrumentation and Process Monitoring

v Prognostics and Health Management (PHM)

v Industrial Internet of Things (I1OT)

v Industrial Artificial Intelligence

v Digital Twin, Cyber-Physical Systems (CPS) and Metaverse
v/ Augmented, Virtual and Extended Reality

v Human-Robot Interaction, Augmentation and Collaboration
v/ Autonomous Things

IJPEM-ST covers various kinds of papers;
Research papers, Short communications, Technical briefs,
Position papers, Industry case studies

« Publication Date (Scheduled)

Vol. 4 No. 1 January 1, 2026
Vol. 4 No. 2 July 1, 2026

« Publication and Distribution
by the Korean Society for Precision Engineering with Open-Access

KE; E= Korean Society for
camas

- 2y www.ijpem-st.org
Precision Engineering

Editorial Board

Editor-in-Chief

Sang Won Lee / Sungkyunkwan University, Korea

Co-Editors-in-Chief

Jay Lee / University of Maryland, USA

Jun Ni / University of Michigan, USA / Shanghai Jiao Tong University, China

Senior Editor
Dong Yoon Lee / Korea Institute of Industrial Technology, Korea

Editors

Hyeong-Joon Ahn / Soongsil University, Korea

Hae-Jin Choi / Chung-Ang University, Korea
Chih-Hsing Chu / National Tsing Hua University, Taiwan
Martin B.-G. Jun / Purdue University, USA

Yangjin Kim / Pusan National University, Korea
Seungchul Lee / POSTECH, Korea

Sangkee Min / University of Wisconsin-Madison, USA
Seung-Ki Moon / Nanyang Technological University, Singapore
Duhwan Mun / Korea University, Korea

Simon Park / University of Calgary, Canada

Editorial Board

Seung-Kyum Choi / Georgia Institute of Technology, USA
Baeksuk Chu / Kumoh National Institute of Technology, Korea
Haseung Chung / Michigan State University, USA

Youngkuk Jeong / KTH Royal Institute of Technology, Sweden
Yongho Jeon / Ajou University, Korea

Jay-l. Jeong / Kookmin University, Korea

Hyungjung Kim / Seoul National University, Korea

Jihyun Lee / University of Calgary, Canada

Wonkyun Lee / Chungnam National University, Korea
Kyoungmin Min / Yonsei University, Korea

David Rosen / Agency for Science Technology and Research, Singapore
Jung Woo Sohn / Kumoh National Institute of Technology, Korea
Joo-Sung Yoon / Kyungnam University, Korea

To be added



Submission System

Journal of the Korean Society for Precision Engineering

Indexed in SCOPUS, KCI

Editor-in-Chief: Bo Hyun Kim

Frequency: Monthly

ISSN: 1225-9071(Print) / 2287-8769(0nline)

Submission to JKSPE: https://www.editorialmanager.com/jkspe/
Search for JKSPE articles: http://jkspe.kspe.or.kr/

NellENAL OF THE KOREAN SOCIETY FOR
[23=¢ISION ENGINEERING

Introduction of
Journal

Journal of the Korean Society for Precision Engineering (JKSPE) is devoted to publishing
original research articles with high ethical standard on all aspects of precision engineering and
manufacturing. Specifically, the journal focuses on articles related to improving the precision of
machines and manufacturing processes through implementation of creative solutions that stem
from advanced research using novel experimental methods, predictive modeling techniques, and
rigorous analyses based on mechanical engineering or multidisciplinary approach. The expected
outcomes of the knowledge disseminated from JKSPE are enhanced reliability, better motion
precision, higher measurement accuracy, and sufficient reliability of precision systems.

Aims and Scope

The Journal of the Korean Society for Precision Engineering is devoted to publishing original
research articles on all aspects of precision engineering and manufacturing. Specifically, the
journal focuses on various fields including:

Precision Manufacturing Processes
Precision Measurements

Robotics, Control and Automation
Smart Manufacturing System
Design and Materials

Machine Tools

Nano/Micro Technology

Bio Health

Additive Manufacturing

Green Manufacturing Technology

Award

JKSPE Award
Best Editor Award
Contribution Award

The article processing charge (APC) will be waived for full papers presented at the conference that are written in
English and do not include acknowledgment statements.

Email: paper@kspe.orkr | Tel: +82-2-518-2928
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- MYUTIE Precision Manufacturing Processes

« MU=H Precision Measurements

« 22H|0{XF52} Robotics, Control and Automation
« ADIEMAAIAE] Smart Manufacturing System

« MALUXYZ Design and Materials

« X17|AH Machine Tools
- L}.=0}0]|2 27]& Nano/Micro Technology
; - HIO|2&IA Bio Health

« MEH|IZA|AH Additive Manufacturing
- SAMAMY & Green Manufacturing Technology

/a

7 — W &hf* Al
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International Conference on ( @

PRecision Engineering and Sustainable Manufacturing PRESM  siGaboree

PRESM
202

Topics & Scope Important Dates

1. Manufacturing Processes Deadline for Abstract Submission of Regular Session:

February 2(Mmon), 2026

June 28 sun - July 3 Fri, 2026
Marina Bay Sands EXPO, singapore

2. Machine Tools & Systems

Deadline for Acceptance Notification: (Mail from the PRESM Secretariat)
3. Automation, Measurement & Control March 31(Tue), 2026

4. Materials & Design . [/1]]] 1L
Deadline for Early Registration/ Presenter Registration:

May 1(Fri), 2026

5. Micro/Nano Technology

6. Bio & Health Full Paper Submission (Optional):

May 1(Fri), 2026

7. New and Renewable Energy

8. Sustainable Technology

Participating Journals b

1 International Journal of Precision
Engineering and Manufacturing (IJPEM)

*SCIE, SCOPUS / Impact Factor 3.6 (2024), Q1

2 International Journal of Precision Engineering and
Manufacturing-Green Technology (IJPEM-GT)

*SCIE, SCOPUS / Impact Factor 5.6 (2024), Q1

3 International Journal of Precision Engineering and
Manufacturing-Smart Technology (IJPEM-ST)

4 Journal of the Korean Society for Precision Engineering (JKSPE)

*SCOPUS [l =]
[=] ﬁﬁ .--E

Organizer Co-Organizers Supported by
K< Korean Society for L JSPER The Japan Society for - Taiwan Society for Singapore Exhibition
E.EI = Precision Engineering (KSPE, Korea) U Precision Engineering (JSPE, Japan) =P » = Precision Engineering (TSPE, Taiwan) ., & Convention Bureau

PRESM2026 Secretariat ¢} www.presm.org =z presm@kspe.or.kr
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KISTLER

measure. analyze. innovate.

A7 = AFA B BuZ 253 oy CF 7023% < Tel: 031-8045-0907 >

go 2k H A4 34 010-2675-9466 www .kistler.com
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