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Abstract

This paper proposes a Robot Clustering Framework (RCF) for managing and monitoring multiple robots through
clustering, and implements FedOps, which automates federated learning and inference engine deployment within the
RCF. RCF clusters multiple robots in a Kubernetes-based system using the gRPC protocol. Through RCF's remote
management capabilities, software required for FedOps can be automatically deployed and updated from the host. For
experimental validation, the Flower Framework is utilized for federated learing, deploying relevant clients and servers
on robots and edge servers to create a global model and distribute the updated inference model to the robots. The
proposed method is validated in an experimental environment consisting of robots, edge servers, and cloud servers.

Keywords
robot clustering framework, federated learning, flower framework, FedOps, Jenkins, docker, gRPC, yolo

* LGHA AYAT * Received: Jan. 09, 2026, Revised: Mar. 23, 2026, Accepted: Mar. 26, 2026
- ORCID: https://orcid.org/0000-0001-9547-7626 + Corresponding Author: Youngjae Kim
= LGAAL AT A2 LG Electronics, 10 Magokjungang 10-ro,, Gangseo-gu, Seoul 07796, Korea

- ORCID: https:/orcid.org/0000-0002-9903-5325 Tel.: +82-2-2033-1114, Email: youngjae.kim@lge.com


https://crossmark.crossref.org/dialog/?doi=10.14801/jkiit.2026.24.4.103&domain=https://ki-it.com/&uri_scheme=http:&cm_version=v1.5

104 25 ZY2HY z4d9a Qs 23 FLFH2E

.M 2
A3t SH5(FL, Federated Learning)% a 7
FHoNAM FHE Al HolEE ASAF st
S5 98 AHE AY S5eA 4, 74 A o
Hpo] 2o A A4 BdE S5AZ & O gejvlE
(Parameter) 7He- AW Z ASsle] 229 rdS
Z5h= S5 WO Z B. McMahan et al[1]0] #&
AQFstGTE ol AW} okLE FT|E S 9
2d o) wEnHE FReta T4 AWt FAIg
Z+ 27 AFHAA 58 deEHES 73
At HEHQ 22 BYS AAdTH
olgigt A gFo A3 ZjolwA BE
< 9= —E-—O]C oA FEEY. dE=
219 Aol Hole e % 7=
o] & 3] ]5]* A HEA Ao slolA s,
2 A HolEE Ao AFAT ZH;E
A 288 F e I 5o FAHY 3
& AHEE QoFste] AAIG v doh ®E3 S, Hong
and K. Lee[3]& A3 5 Al="S AAl dufe]x~
S AEHoE 3] HelMe A S5
AA w77 #e, 2T W dE, 2E A
(Model servmg) J83 gule]l~ BUEH J5E
ZESH= MLOps 719ke] 7id 87 AA7d B3

f
b
i i

5

' H

d

N

rEE
o Jlm
Nv > m ol yg rov

ym

l

e, A3 Se AR Al 8740 AT
2 A§37] e 2o Qi xESS 88
Hog BT & Yt thee 20E] FEH
5 A, A 2 Aede A

=4, 38 08 AN U AE Aot

454 HolElE AFo2 oA
HHM 599 % 9,15— P50l aTH: A A5
3 Sgol FAY A, B A S wEof
WEStel $AYOE HolEE oBalof s Wi
2o BT AAE dole £7, 3, FE
| LB Y AXEd] BEES Y,
A AW, FTHEE AW ] AH
2 Beldke sholzeels oF AUs
#9927k Bastch

o8 93l B =ES 94749 te 22 shiy

T2~

e,

Sﬁ
(o
fr

W e b

T
offt
ot

A9 AF & 4%

77 AxEH0Z £83 & g TR FyAHY
ZH YA FRCF, Robot Clustering Framework)S Al
QFgtt}, A|QkFsH= RCF 7oA the 252 o
g S5 Fe2HY REEA Fojsin, Auls
28 ofye}t A& Y xS 913 dlolE
T s SAld R o] FFAA B AF
= Moon {419 dolA AotE FedOps(Federated
Learning Operations) Io]Z2RQl 7d-& A-83),
AA A% g5 HBoA aFEHE 94 22X, oA
A, SEE AH9 AXE(SW) HE, HlE
2 AuolE d HFAHE shte Asskd dholzet
Jo= FAsH &, B FAEY AA HF 1
=3 S3) iioil?—ﬂ T3 HolHE
g5 o] g8ste dAlE A3y )
& FAoE AP =g B A4 RCF
7} 2Eo] Z§gAel ‘;r"'ﬂi‘—ﬂ‘:/]-/l 7IHkel A Gl
55 FAHA, iy— Wil A T8 FHUE 2~
gRPCEZEEZS 7RIo g e~ HPS 3%
t}. gRPC 32 715 EA[5]9} S. Ritu et al[6]o]
AE kel o], gRPCE HTTPR 714ke] && 54
&S Ad ¥ 2E F/] J3} o]zl 23K Binary
S S E= S
Al q]ggo] Al 2L A
ZHLow latency) =& tlo]H
ﬂ\j/] ”*—% s -’F Aol AAIZE Aojel fre
3ttt ojuf, B =FollA AlbsH= RCF Fe]2E7t
71&9 wiiaH-EHolH Fx9 FHUEX FH2
Bt g F8 Aol E5YE nkxE FHUE
259 A% FY2Hge Aot dRkAl T
HE2 o2 7449 99 YESa FH2He
qAade olsste U 2R A g oY
YEHNT <AEHO|X(CNI, Container  Network
Interface) 77} WIHsHA BAS & Qo @
Ht2EE F& RCF B9 o3 94 o /E 7
zH 08 YAY F ok o]F P3| Hal RCF
| 9Zor 2R
17 MAHE T -‘Jﬁj/]ol' ZEF o] due]
]ilq olwf 7] Ad AZEJ o= A
S0l HAE3] FABIEE A =
7(Docker) ©|7|A] FE|= FH]H T

ro M

m{m

o
D)
o |
0(1
—\1 o

serialization) 7]%
5] nﬂy_a oL

= 04

=

A3E kE F T2E 5T
&

e T

Hu““mﬂﬂi

e OHH
£



Journal of KIIT. Vol. 24, No. 4, pp. 103-111, Apr. 30, 2026. pISSN 1598-8619, eISSN 2093-7571 105

Ao 2 B A7 A% ko] Adgs 93k
Eao2 ZYYYIE D. J. Beutel et al[7]0] 7T
b9 ZE Y A(Flower framework) s E-8-3
J. Kim et al[8]¢] 9% 35 ZHE vlw A+
V. Pais et al[9]2] A& AHg AT SolA Q9F
Az9 nish Pol, Beky Teoelas fIY 2
°JYE.

0]

ot to

=

E Ml wd —Ql

E-AH F2o} Hold S i WHE
A% g o =2 AAYES 2E AoE
b=t} B dAFolA = AlSHE RCFE 53
ZH A2 SolAES} AHE NE &
1A Aol 247 wjEgro 2 At <5 3
gt B =59 $AA 2R 5244

1)

7}

nE

O

_t_,

B

o o

mloLE

¢

rk.9>2
i_
O

il

7

A 5e sk 227t HH, A Aue £
| e Ee Adste] 22 2de A4t
e AFe f8l E =22 2R FY T AL A
Mol wRla) AAZ AA =49 HolHE 9%
SEoz AgFARl F AE ATE FE =Y
& RCFE 598 S4208 7} 2] A wjxs)
B

21 22 ZAEZ ZAF(RCFH MAH 2
T8

RCFE= Tre] 285 AAZ R Agjsia 2y
HEst] A 7lto] He rlEdol T YAz
A, 71E ARgellA F8ske FHE2A 9
CNI HESZ 275 ZolH, 5y4e= 7 3
2H RES A F S AT Yolgs

FHHE LS AHSshe 7499 A% A4 4o

718k, o] A2 RCF AA dAFH P4k
3 29 oJHH AT EEEE AvEn.

2.1.1 71& W] A4 & A4 A9

1 w3z
H2H WelM T A5 FHUEAE 283t

H
4 a W 2a9Ed gFshe 490t Btk 1
ol

9 gee] =i
ANNE The 2e 7
S ST B4 230l

37ollA EF CNI(Container Network Interface) 7]
HEel YESIE 2he A4 /S TANTIH,
4 =B oFf7F AA SHHE Hud Hfﬂo]

Ak

- B A 2 oA ge =R o]d Al
felel 4, o 8 B5e WEsn )
gfo| ZAto]| Z-5 Hefstr]o 7]&e] FAQ] vix W
Ae frdgo] REsi

2.12 RCF A 92 2 74 84

RCF(Robot Clustering Framework)= 919} 22 &
AE dstr] el =H4 FejsH =t #'e

TS A AoJE WA AHA Yoz A=t
RCFS] 8 74 84 tadt 2o, ofd g
WES 17 19 RCFAA 7450 vehditt

RCF Client

Config
(Cluster List)

Response Control

List Data

User

get Response data with
,W\ concurrency
|Response Data
— '

RCF GRPC Client
—-|_gRPC protobuf serwcq",
'
T

I

RCF Backend

]
proto lequest: proto response
' |

Cluster Controller

T T
RCF GRPC Server |
(QRPG protobuf sem\ce—’» =

Cluster Control

—+ kubernetes
- ~» gRPC proto

J% 1. RCFEA M E
Fig. 1. RCF design block diagram

- RCF Backend(Custom controller): Zt 25 9

A ko FYHoR HAHf ¥

g o=



RS

- RCF Client(Host node): 2B SEoA o
o] EikE ZE-S gRPC 7HEoE 3t #HE]sit)
AR S H(BE HE, dE 23] 5)E Hd=
2 58308 A3

- gRPC 7]%F B4l #lo]of: mfo]AEA ]~ o}F]
gxjoA 145 L3t gRPCS ProtobufE 2
&3t 9 Fo] AFHAY EATF VESZ &
AAXE HlolE HE 2FHE SR 5

213 94 old 4 A5 35

RCFY =92 A% S5 %Y (FedOps) #3ol
A o 2 olFE Al
- ol Al 9 HA4A(Robustness): 2 =7} =
A FHUE 25 FAEE, VYES I G|
U B4 wtof Aol IASHgE A A2H"
o] 7H&Aell YE¥E FA %+ SPOF(Single Point of
Failure) ®#] AA7} +dHE.

- FedOps &-&3}: tlolE] 3 olo|dE, A% &
& ZdoldE = AW(Flower), HFE FE A
(YOLOVI) OS2 o]ofA= BRgh gpo]zelels ¢
Ao A B3 wjzgoZN &4 FirrE Fr|FHo
2 Hzksit

- 795 9 A B ZgdYas 71E dx
wWalo] FdskA 2Pd FL M€ 9 E/AS

sagozA, [Hole £31 - 224 3 > 2

¥ md A - ERe Al P2 A48T
B 2R oI @S AYHA RS A
Bk

oS Ao A= AA| RCF 7|¥ho g Agskss
13517] ¢ WES 7]&siy, o5 SajA Ui
O F RCFY 523 A% g2 913 2E W%
7}4-& A,

2

k)

22 RCF 7|tto| od&t 5t

RCFE 9% 348 Ada] 9% 852 =

s BEsly] Y3 Ao tey e o4gs 4
getct. AR, A3 Shgoll sk AW, A A
W, 2RSS =E2A s YESIR dAdste
Ao|n, o]& Fe|xE|Folg}t FE =4, F
g2HPY o] =oEd AF 5 BRESS =3t
© 9L gt} FHel olojA AW Fe9] =y
o] Felo|AES} AW Fo] otk AA,
g o] 9RY F FE wde wixsty, wjzd
2R AFs dH0E #Ade TS S
A g5 HolHE 78k 73 B S
oS s, Y ZE2 4

EIE oA AW Falste] FA¢os s ol
HEE 3t 2E LEoA golEg &) 9T

=232 7 A Aue] YA M Fk
f Cloud |
1 Flower Server
RCF Client \
K3S |
~
AlModel |+ @ Edge
ry
‘ Flower Client H Train-data ‘
collector
RCF Backend
(ESI RCF Custom Controler |
\ /
s )
Robot
ROS 2 Image Image
Collector Agent Filtering
| RCF Backend ‘
I o oo |
. S

J% 2. RCF7|8 odgt &t AT
Fig. 2. RCF-based federated leamning block diagram

RCE7I¥F &4 d¢l 9 s 7458 1% 2
of Yeha gletl, FHUEAE 259 stegof
£ st A WA K3SE AAs, 9 1
Y 194 A3t Custom ControllerS RCF Custom
Controller 2= ©]&2& X3t} RCF Custom
Controller= 7€ &3 AxE0] FHUEZ2 £
A AYEHA FHUE A AdEe 25 34
H BE ghzd iz 23], AR, BAlT Bag
STFAES w83 S 9ES dth 712



Journal of KIIT. Vol. 24, No. 4, pp. 103-111, Apr. 30, 2026. pISSN 1598-8619, eISSN 2093-7571 107

FHMEIZAA A e Dlasge Dol
VsEol olo] sge Bag 1’45:3:9} 7%

3Al =3, RCF Backend’} 83< \13:1-0]-/\1 RCF
Clientd] <2 A= A <AL 93 ma S
gulolEsty] ] ¥ sFS FHsh= As 7t
gotd, vt Zo] & 19 AAE ko] o] Fof
A, ofo Wik A2 the Ao Skl ZH e
Az E &8st AAAA A Amin

T 1. 9E S st 2 ilx ofy
Table 1. Sequence of module deployment for federation
learning

1. Deployment of ROS 2 Image Collector and Image
Filtering Engine: Distribute the ROS 2 Image Collector
and Image Filtering Engine to each robot (Host Node
— Robot).

2. Deployment of Training Data Collector Agent:
Deploy the Training Data Collector Agent to each
robot to gather recognized image data (Host Node —
Robot).

3. Deployment of FL: Deploy the FL (Flower Server
and Flower Client) to the Edge and Cloud servers
(Host Node — Edge Server / Cloud Server).

4. Deployment of Object Detection Inference Model
(YOLOv11): Distribute the YOLOv11 object detection
inference model to the Edge server (Host Node —
Edge Server).
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Table 2. Sequence of federated leaming operations

@ (Developer) Modify source code or model parameters.
@ (Jenkins) Detect source code changes in Git and
build Docker images for the FL program (FL Server
App and Client App).

® (Jenkins) Push the built Docker images to Docker
Hub and update the image versions in the
deployment.yam! file.

® (Cloud ArgoCD) Monitor and detect updates in the
deployment.yaml file from the Git repository.

® (Cloud ArgoCD) Pull the latest FL program Docker
images upon detecting changes.

® (Cloud ArgoCD) Deploy the FL program Docker
images (including the training model) to the FL cluster.
@ (FL Server) Update global model weights upon
completion of the Federated Leaming process.
(Jenkins) Verify the weight updates and build a
Docker image for the Al Engine.

® (Jenkins) Push the Al Engine Docker image to
Docker Hub and update the Al Engine image version
in the deployment.yam! file.

(Edge ArgoCD) Identify version changes in the
deployment.yaml file via Git.

@ (Edge ArgoCD) Pull the updated Al Engine Docker
image following version verification.

(@ (Edge ArgoCD) Deploy the Al Engine Docker image
to the Edge Server cluster.

@® (Edge ArgoCD) Distribute and deploy the Al Engine
Docker image to the robot clusters managed by the
edge servers.

Jenkins

Docker

Build for
FL

Docker
Build for
Al App

et e v e

Hiz ASat =M=

Fig. 5. Sequential diagram for federated learning operations and continuous delivery
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Robot Edge Cloud
server server
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i7-1165G7 CcPU

nVidia 2.80GHz

R Jetson Orin (RAM: 3'7OGHZ
32GB) (RAM:
64GB)
Operating Ubuntu Ubuntu Ubuntu
system 22.04 22.04 22.04
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Version Standalone | Standalone | Standalone
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