ER= R oA sl kT
jp@kumoh.ac.kr, gkrwogks7094@kumoh.ac.kr, wdragon@kumoh.ac.kr

A Multi-Robot Control and Monitoring System Based on Hybrid Communication

Jin Su Park, Jae Han Park, Soo Young Shin
Department of IT Convergence Engineering
Kumoh National Institute of Technology

o ok

n R

sobe Age] elA A

B B AGY, §F B3 5 ol 2 eleld=e] S} E5h FMgel wek o5 o W

L Ao s Aot 4 sl An Azdel el dpan siek 71Es) D ALGE TP ME) $4 e
S 3ol Holele] AL AR, AEH 29 A AR AQE FUele] Aol ATHE 22 Al WA w2l

=S WebRTC 7] 1 UAV o4k A% 71%9) A7 2 S0 7Jkog, of7le] sloluele= $41 /e A%t 24
A2 Ak, WRTOE: olgole] 4 2ol 2 A3 A ARl S9E Aol WebSockerd ol REFRETE
Aze) 3 W 2o dolE s Agakeas, AT il 2 24 slole) Agolehs T oA Wl &

&
rrﬂ

3 W) Sde Ax
I.AE 71&0 de] AHEEY WebSocket 5 ROS 1 74 A]2ElE TCP =
47 AelEw) s 2vle BEYs wrsyn gon And w  EEEE VN StEE, doly sjzle] fdd A5 AdE 17114§
T84 202 93 tpda 2R 2R(AUSE 28 AGV/AMR, A = Qe & AA(Latency Spike)o] WAL o] 259 5 FA}
2 5)E §7140% FHael $sn ek og@ tF olelde A AT B el AXze] 100ms o 87 Aot FE el
sde 9 A3 EE BAY A A2UGEDE B Beee, 5 AR AR Aedn
8 B B4 BN 229l AN JE shetsha S2pql Aoy g T WebRTCE POP 91 3 A et el UDP 7jtte 2
Be g Aol aAAel w7t Hduk st Ades SRR WE Utk B2 Y AS VY =29 4
NES] A F el 23] 24 wEAL Holge] Azad o 1 XelAE ST g1l WebRTC 7] 2E20 Z2ES 1)
HAe9E v TCP 71N B4l Z2EZ(WebSocket, MAVLink over Al ol QoE(Quality of Experience)sk QoS(Quality of Service) & A
TCP 5)& agajgi}. 1o} thre] 2io] wad gt wgsk 4 oo, 94 £EE A% 300ms o] AdE ek U]
A HolEl g BAlo] ~ED WS, BA) ZAH Ao} BHe saa T EATANE BT 2% A 9 5 dew A dol8E
of sz BAANNE /1€ WA WAL WEs mejun, Sa), pg = 0 WA ISR A A A4 vlEm WeRTCE ARt
£ 94 A% 719 2 A7 WebRTCe) AA A3} o5 o) e
o B840l AZHIF0], G ~ELT Rolol A= WebRTCY) w22 A A2H
ol S Buatlehl]. ST % A7 EPe e Apse g TEAAUSE AR 0F 2k Ans S os deld
A B AN AFAS B A #7) 23 Ae] ey m & A WIS FHOE, WebRTCS WebSocket $41& RH 0% &
SAel Ao elro] o B4 W e Bwe) g4 Balg gr 90T SlolEEE TEE AT,
3 oA 2T ANZE 94 Blo] AFsatiehy, Aol Weld) Hele]  LE 1& ARISRE Axwe] TS ek, = =E A AgkehE A
Sgh A Azsele] AEALS 2 Do, SRS HE 2o ANE FRHOR WShE A A TH0E,
whaba] B =Ro AN 7F RUE Y A0l WebRTC 7]2-& 3H43)] WebRTC9} WebSocket B4 HEHZ 02 8431 slo| B 125
0% 23 B 870 A8, 7)o WHole] FRe Fawe] mep  AHTER o T WA AL AGY, A 23X 5 ofe] Tire] =X

o 28
21. 71& A 71e9 @A

o] dERRH #35= 5
Ad Ge shte] diAREAAN Fste] Qs AoE 4§

%= 7]
o Aledth 59, ¥A dellA 54 2RES Ay 258 A

o©
@3}04 Bl
[e)
s



Production System Video Monitor

I‘;::E;g:’erz Mg ":3:;?9"' Rob:; :;:I:tus &Real time Control Panel
(Websocket) (WebRTC & Websocket)

I I

| l

1. Encoded Multi-Video

2. Data collection
- Robot Operation and
status
- Task Performance

1. Execute Production Plan

Central Server | |2 manage the Inventory

ey 1 |
o ) =
1
. ® .
lo—ot A

AGVIAMR Industrial Robot

| O
Robot Agents

Collaborative Collaborative
Robot

a8 1 At A" 72

: WebRTCS} WebSocket9] o]F &4
ebRTCQP WebSocket AR 2 A BE

Zoll whe} F4l Ads sk A
e JEHQOPE 9¥e 45 wekeith
2" 3} 7 Data Channel S &-&3fo] 23
EAQ1 AIA ElolE| o} S Ao B
Ao /\1 Best Effort 24143 %X—}E}U{ X]
A

2.3. ojE= FA
AjFeh= Al 228l Wi
EﬂOlEM AN A ?W
o T X g9 4

WebRTC e G4 ~E
94 “ﬂF Aol Esh= o

$gth ROS 29] QoS
ik s &1*5}6}04 2R W

“ O =
WebSocket A& 23091 23] 22, 48 319, Bito] Aol 5
o8 §4 A A28 OFE FUY FH9 9

A= HlojH e, gl =
& npgtoz Holg el #xpHoln

7N Azgel wARE A
gl oy 290 B4

RN

> rh

2.3. 3olBPYE T} ZE Ao dF

ARtehz A28 §) 7]uke] ROSE AHE-oHA] o whAl St AA
ZY oo|HEE glo|HYE FAl ZREZE 7|3 07 AFshz Al
E°l°l A&EE AR 23 dlo]dEd= stold 7]k B4l T

7t Hqe 2E SGAAROS)Y EY
(Topic) Al=¥lo& Wty 71 AnE o] A a2 dgste 9%
S g

AREARE BA HE s AEE d‘?‘l@ ks
WebRTC %3 WebSocket 7|01 E4] 3l 2RoE day
o} 23 Auhhe B3-S ROS Topiocl2 Was] A4 dlo]dES
S ii‘)ﬂ/ﬂ Topic FHE A== ﬂ/ﬂ glo|g] 9A] Zxo| et

I gRe Firel et

H sl T BES 53l Aol e volgE FE38aL o] & HlolH
Z5o] W} WebRTC H+= WebSocket Alo]Ego] Al2~elS Saf oA
s Ase

m 2&

2 e 2vE AEY A o 289 3 A 2 Al E 9

A g 251 r&x] 1 mUEE A2ES Aokat

WebSocket®] 121¥]4d-& A3 sho] ==

3 ¥ WebRTC9] 714 e}33& Hlgo=
Rkl E‘I]Ei%]% o] é_‘/\]ﬂ Aol 7 A WebRTCE &4 243
o=ZH AATE A AlzEle] AgAS e =9k
AQE Alz=Ele AAZ < E | Al 2lee WebRTC Data
Channel& &3l Aelsta, nld A4 2 A28 2739 o] AlFAo] 4
23l Ho] Eﬁ% WebSocket XHLQ—O‘ Sl APt o]d3tE slojHE=
Ql AAIZ A} A1

)

o
GF AT AR g9 FEE /MOE A4 2vE A
2 BolA The 282 Adstel AR sol Rl B4 A2l A%
(A9, A2, WA £AB)E Ao BAs, B =
(Wi-Fi, 50)148] ¢4 o442 A58 Aol
ACKNOWLEDGMENT

This research was supported by the MSIT(Ministry of Science and ICT),
Korea under the ITRC(Information Technology Research Center) support
program(I'TP-2025-RS-2023-00259061) supervised by the IITP(Institute for
Information & Communications Technology Planning & Evaluation, 20%)
This research was supported by Basic Science Research Program through
the National Research Foundation of Korea(NRF) funded by the Ministry of
Education (RS-2025-25436671, 40%) This work was supported by the
National Research Foundation of Korea(NRF) grant funded by the Korea
government(MSIT) (RS-2025-00553310, 40%)

a1 Ed

[1] Kilic, F.; Hassan, M.; Hardt, W. "Prototype for Multi-UAV
Monitoring - Control System Using WebRTC,” 2024,
(https://doi.org/10.3390/drones8100551).

[2] Han, Inseong, "WebSocket vs WebRTC for Real-Time Audio
Communication,” Medium, 2024
(https://www.google.com/search?q=https://medium.com/%40inssal
102/websocket-vs-webrtc—for-real-time-audio-communication-d3
b0oedh5f42).



