Al Signal Processing

61 Wavelet-Based All-in-One Dual-Branch Adverse Weather Image Restoration with Bidirectional Subband Interaction
73 UWB Radar&#8211:Based Classification of Marine Debris
84 Improving Detection Performance via R-VAE-Based Synthetic Data Augmentation for Indoor Fire Scenarios
98 Geometric Feature-Based Adaptive Voxel Sampling Technique for LIDAR-Based 3D Object Detection
106 Water Level Measurement in a Multi-Bent Pipeline Environment Using Ultrasonic Based CNN
116 Local Small LLM-based Al Agent System with Finite State Controller for SCADA Operation Assistance

System and Control

/ Park Su Yeon and Eom Il Kyu

/ Jihyeon Yoo and Sungbin Cho, and Jinhwan Koh
/ Gyeongmin Kim and Jinhwan Koh

/ Seung-Tak Ra and Seung-Ho Lee

/ Wanyeol Gu, Suyeon Lee, and Jinhwan Koh

/ Jeong-Yoon Kim and Seung-Ho Lee

127 Development of an Al Model for Quality Prediction and Root Cause Tracing of Cathode Materials Based on FeatureMAP Image Analysis

/ Jeong-Yun Song, Soo-Rim Kim, Hyun-Woo Oh, and Yong-Kwi Lee

Industry Electronics

139 Integrating Non-Local Neural Networks into Deep CNN Image Denoising via Residual Learning)

47  Comparative Study on 2D and 3D CVA Measurement Differences According to Distance Conditions Using an RGB-D Camera

theleie.org Vol.63, No.8 August 2026
The Institute of Electronics and Information Engineers (IEIE)
Room #907, The Korea Science Technology Center The first building, 22,
Teheran-ro 7 Gil, Gangnam-gu, Seoul, Republic of Korea

X BEEXI(8=2-IEIE)-63-85(MI8).indd  1-3

/ Young-Ro Kim
/ Eun Seong Park and Yongjun Chang

> m
M m

It

191 ORI > rxdrol o1 1

ol

ISSN 2287-5026 (Print)
ISSN 2288-159X (Online)

Journal of
the Institute of Electronics
and Information Engineers

2026 8 63 H 85

Vol.63, No.8 August 2026

Communications

3 Weighted Binary Search Tree for NDN Lookup / Gyubin Kim and Hyesook Lim

Semiconductor and Devices

15 Low-Power Tri-Layer Synaptic Device with Filament Control by Al203 Insertion
/ Yu-Bin Kim, Sung-Ho Kim, Dong-Min Kim, and Hi-Deok Lee
23 A Complete Quadruple-Node-Upset Recoverable Latch with Enhanced Quintuple-Node-Upset Self-Recoverability
/ Suhyeon Kim, Jaeyong Jang, and Taehui Na
32 Analysis of Performance and Resource Utilization for FPGA-Based QR Decomposition Architectures /7 Suk-Jae Yoon and Hoyoung Yoo
40 Signal Integrity Analysis of Multi-branch Transmission Lines in the Multi-Layer Ceramic of a Probe Card Using Factorial Design of

Experiments / Youngjae Kim, Moonjung Kim, and A-Rang Jang

Computer and Information

53 Forgery Detection and Characteristic Analysis of Scanned Document Utilizing Paper Fingerprint / YongSoo CHOI

Gosrey Sl

CROSSREF.ORG I E IE
THE CITATION LIMKING ERACKEOHE 0] =2X S B2 LQASTEHA K| L
=

2026-08-14 2= 3:16

44



=} |

20264 8€ H63H M8z

TIC) / 8

[OEHIERT]

3 NDN 05 BHMZ 2I8t 7KSA| 7[9t ofZl B4 Eg|

-------------------------------------------------------------------------------------------------------------------------------------------------------------------- Ul Asl=
[S|D) / Hh=A|
[ BN AR D AR ]
15 AlL,Os &QlS E5t Z2lHE Hof 7|8t MEME MASE AlHA A} 78
------------------------------------------------------------------------------------------------------------------------ Aryl, Az 4301, olgd
[SoC A ]
23 SlEl @F Lt M AP IEEME 2 AFS L= gM 2NSIE 2ff%]
........................................................................................................................................................ 248, AR, Ll
32 FPGA 7[gt QR 23l o7 [EiXe] Ms U 2|AaA AS2E 24
--------------------------------------------------------------------------------------------------------------------------------------------------------------------- QMR 259
[ PCB & Packaging ]
40 0l AEMe M5t =25 Fl= Multi-Layer Ceramic CFE 27| &AM9] AlE FAM 2M
-------------------------------------------------------------------------------------------------------------------------------------------------------- 29xy 22, Fojzt
I
C1] / &AFHE
[ HEDICIO] ]
53 HXISIEAMS| BO|X|2 EM%| EMo} 9-Hx HE
.................................................................................................................................................................................. x| 22~

=oST



12

=

ol

ALLISIP] /

[ B MEAF ]

Eom om B T y
ofl Kd R4 <o rRE Lo LY 8
5 B B 1) B o ) ~d
g om @ B oH ok :
S N RO 6
ol K ~d al o ~d o
& Gk Mﬂ
N
. oH
%0
<o
= : X
o . =
’ : : : Al_ ol —
o m - < = =
oo : L - - =3
% ) 3 o oo
0 m oo 5 o 20
oY ! m ©Hu © z K
__o_u : : - = = Mm
K- - Ki o
|_Mﬂ M_._._ HL __A_l -
° or = _ o
~ 20w = e o
il d : 700 olo - - ofu
@y ® 3 -
© X0 o1 <0 . _
@ : = KIr d o oK %
ol._ : O ||/ - |
S =R T A h
o o X0 : S
o5 fogp ;U Ro GO0 Rl 3
N T W R Ho L
i H H - 1o —_ ~N == o
W v e i =
= W g o B o= o0 )
— I o oF 20 - or 00
Tod J— = o_E x_.o = (@) |”_.u_|._ R0
o i D - K [y " — ~ <d
SIS S ol oo Ir A
ol N = ~ o — Tk 20
oo P L Pz i X = oK - B
&I I3 ol n = ujm _ S — Ko
o = = . — O K1 ol =2 0 <o
VEN LTI o ow D <| ° o <oz
u| o = o ha 0{0 Kol —_— W OH— < =
52z i =i o of © | O < = = wa N
L A B 2l o< W ° <4 B @i o
0 m < = = = ~ = 2 ~  — mm : oo
L= R = K o5 m 3 R
00 ) o 4 - M %) n ai v E K gl [H]
— ™ <t [e0) O © © o r~ ._w._ — HE
© ~ o) o op < = E <| o m < = i

149 RGB-D 702t 71t AAZE XAl oA 2Dt 3D


kjy
하이라이트

kjy
하이라이트


Journal of The Institute of Electronics and Information Engineers Vol.63, NO.8, August 2026 https://doi.org/10.5573/ieie.2026.63.8.116
ISSN 2287-5026(Print) / ISSN 2288-159X(Online)

=z 2026-63-8-12
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He 274 A8 LIM 7]¥F Al agent A]2E

(Local Small LLM-based Al Agent System with Finite State Controller
for SCADA Operation Assistance )

O * P S
EA I ] B -

(Jeong-Yoon Kim and Seung-Ho Lee®)

o] ¢ F3lt} 7]E9 F THend-to-end) Al agent: U & A8y} 2z WAL BF Af A oFEsnz 4~
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2o = LE ARBIES AAEIT o) dolH At Hal AAl F2 A2 Alo] =g R AJH AR FdsGive
ol A E AT AEAS o]Zth ol wil Qwen3-0.6B ¥ Llama-3.2-1B-Instructs LoRAZ 1 epoch "AZAH
payload A47] At A 83y ¢ RTX 5060 Ti(16GB) 2739 offline replay H7}o| A learned pipeline #+4
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Abstract

This paper proposes a local small-scale LLM-based Al agent for answering district heating operation queries using
XAI4HEAT, a dataset built from real SCADA data collected at district heating sites. In this domain, correctly
executing procedures and safely abstaining are more important than fluent language generation, because operators
must verify point values, period averages, and cross—facility comparisons quickly and reliably. Conventional
end-to—end agents depend on free—form generation for both action selection and parameter creation, which often
leads to invalid JSON, premature final answers, and excessive clarification in small-model settings. To address this,
we reconstruct query-action traces into a Korean query-answering dataset, standardize action names, separate
next—action prediction from tool-argument generation, and handle clarification and abstention with fixed templates. We
further replace the learned policy in deployment with a finite-state controller (FSC), constraining tool use through
explicit state transitions and procedures. Qwen3-0.6B and Llama-3.2-1B-Instruct are fine—tuned locally with LoRA
for one epoch as payload generators. In offline replay evaluation on a single RTX 5060 Ti (16GB), the learned
pipeline achieved 0/33 (0%) task accomplishment, while FSC+Qwen achieved 8/33 (24.2%), with 14/17 (82.4%) safe
non-answers and 1 invalid output. These results show the district heating SCADA assistance system based on
operator verification can be implemented and utilized as a practical operational support tool, even with actual
industrial site data and environments with limited computational resources.

Keywords : District heating SCADA, Small LLM agent, Finite-state controller, LoRA fine-tuning, Operator support
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Fig. 2. Example of the overall flow of the proposed system.
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Main L
System Porformance Safety / Validity
TA 0/33, Final Safe
Prompt—-only Llama Action 0/50 Non-response
0/17, Invalid 27
TA 0/33, Final Safe
Prompt-only Qwen Action 0/50 Non-response
0/17, Invalid 13
. TA 0/33, Final Safe
Fine-tuned Llama Action 4/50 Non-response
cto 4/17, Tnvalid 23
, TA 0/33, Final Safe
Fine-tuned Qwen Action 1/50 Non-response
chion 1/17, Tnvalid 9
. Safe
LoRA+ Llama Tﬁc(t)i/ogng ’ 4}3518al Non-response
9/17, Invalid 7
. Safe
LoRA+Qwen Tﬁctzi/ogng ’7}:51831 Non-response
9/17, Invalid 6
FSC+ TA 0/33, Final Non_fzfsionse
Prompt-only+Llama | Action 7/50 417, Tnvalid 13
FSC+ TA 3/33, Final Non_fizonse
Prompt-only+Qwen | Action 9/50 /17, Tnvalid 9
FSC+ Fine—tuned | TA 0/33, Final Non_fizonse
Hama Action 6/50 o172 Tvalid 10
FSC+ Fine-tuned | TA 4/33, Final Non_fii‘;onse
Qwen Action 9/50° | 1117 [hvalid 6
FSC+LoRA Llama | TA 0/33, Final Non_‘j’iionse
(Ours) Action 15/50 15/17. Tnvalid 5
FSC+LoRA Qwen | TA 8/33, Final Non_fiionse
(Ours) Action 22/50 14/17. Tnvalid 1

Action 17/507, Safe Non-response 171/1771
Invalid 9742 7]Z3}3t}E LoRA A& = Qwen 7]
Hb melo A TA 271/33710] Yehgoy, AAdo s
ofds] e e dES Hilth FSCE 7‘”?}?}

$-o|= k4 0 & Final Action, Safe Non-response,
Invalid outputollA]  7§Me] AL  E3)

FSC+LoRA Qwene TA 871/337A (24.2%), Final
Action 2271/507 (44.0%), Safe Non-response 1471
/177 (82.4%), Invalid 1AL 7]53te] HA| Al2=E]

Z 7P §8t dss BSIth FSC+LoRA Llamas



2026 8¢ MAZEtE =2 HM63H M8 123
Journal of The Institute of Electronics and Information Engineers Vol.63, NO.8, August 2026

E 2 Mt AARI(FSC+Qwen)2l answer-required & 2|
Ty Zof

3

Table 2. Results by answer-required query type of the
proposed system (FSC+Qwen).

Number of
Query Type Successful Notes
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