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Wireless Communication for Autonomous Mobile Robots in
Manufacturing Processes
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Abstract: This study presents the implementation and performance evaluation of a commercial 5G
NSA-based wireless communication system for autonomous mobile robots (AMRs) in smart
manufacturing environments. A testbed was established using 3.5 GHz NSA networks, industrial 5G
routers, and AMRs operating under real factory conditions. Key performance metrics such as latency,
jitter, and throughput were measured repeatedly and evaluated against industrial communication
standards, including 3GPP TR 22.804. The results showed an average latency of 24.6 ms and jitter of
1.1 ms, with both upload and download speeds exceeding the required thresholds. These findings
demonstrate that commercial 5G NSA infrastructure is suitable for AMR-based process automation
and real-time monitoring. However, the NSA architecture is limited in supporting ultra-low latency
applications (1-10 ms), which are crucial for high-precision control and synchronized operations.
Future studies will focus on 5G Standalone (SA) and private network environments to overcome
these constraints and enhance wireless performance for industrial robotics.

Keywords: 5G NSA, Autonomous Mobile Robot, Smart Manufacturing, Wireless Communication

£E 409 2AHR] =YL A% 2
7H5fskaL Rlo, ojof ket 141
A B4l =l tiet =87 F45] 5
50| UES 2 AA 29 ke AR
Ae D4 24 F THEon, o]of wel &0 52 E(AMR)
9wk vy &0l Bl o} 22 o] 53 RO B2 AWLE

;
< mo_WL

Received : May. 30. 2025; Revised : Jul. 14. 2025; Accepted : Jul. 17. 2025

% This work was supported by Robot Industry Technology Development
Program (P0014166) funded by the KIAT and 2025 Intelligent Robot
Distribution and Expansion Project by the MOTIE of Korea.

1. Senior Researcher, Manufacturing Robot Department, KIRIA, Daegu,
Korea (dkk6386@kiria.org)

T Team Leader, Corresponding author: Manufacturing Robot Department,
KIRIA, Daegu, Korea (woon@kiria.org)

Copyright©KROS

Az Z7goflA] Aejo] opd WA Ql A 9 AR iRl 9]
T oj2idt ol5 Y 2o AukHQl 9 s o
B4l #7go] Szl Eof F 5}, o
BAl lztofA B4 F4l9 Q=)
o}, @A A1 ol A Hﬂ AL EE A B4
719 rA 0 2 ko 2 u]-8at L Bold E E}T«l iy
730l A L8| 1 Qlet. SHAIRE Wi-Fis H| 95| tf 92 E-8517]
o iZof] 25 7Hdell FH ko, tha= Agul7E G Al @
A AAZE BA19] Qg A1} H b BHiof ofgfgo] Q.
0|9} Z-2 SHAIE FEo517| gt Qo= 5A | o] 55
(5G) 7]&0] 24t 9Jt}h 5G= 2 14:(eMBB), 24X
(URLLC), 21Z(mMTC) 5448 2k AA) 4 541 7]
2, AR 2R Alo], AAITH 34 A, 98 Y 5 AT
o] Haksie.
2 5G =gt A EA3ALE 207 A2 o7 AF
&7 (Public 5G)°] H=]o] 1o, tfFEE-2 7|& LTE 310

2] l

r

ol ﬂH> rR

[e)
=

.‘


https://crossmark.crossref.org/dialog/?doi=10.7746/jkros.2025.20.3.415&domain=https://jkros.org/&uri_scheme=http:&cm_version=v1.5

416 =513 =54 4209 A3 E (2025.9)

-2 7]4kO 2 3FNSA (Non-Standalone) %25 w2 11 QJc}. o]
23 2= 27] FAF Hl8o] WAl W AR E AlSshe
o] Qlont, H-g Fo|g-E 7[¥EO 2 = SA (Standalone)
120l Hlsh 21 AlZE R FE B S0 A= Aol Atk
E3h AR S5 0 & HA H = 5G E3F g (Private 5G) =
oA o}a] Jg3t 27| DAz, AA| Al A SA| 483t
710l A7} Ak

ol FFoN A, Al E @] 54 FASHE AEstr] fiet

EA) g
71& H83to] AT sk Aol 53] ol5F 239
=Y A= G AARE A 75 A =
SHI = ASAE BPoIM AS31aL FA5k= 2o B asit
& A= =W A8 5G HIEQAMNSA 715 3.5 GHz )
Z-goto], AUHE A2 85 Ul AEolE25(AMR) 2 7
A FASATH o= ASSIAL, 8 7N Al FAlol
=

o v
Az 340 AAZE B E ) 8 23 2o] A B4
}4
=
=

[

2!

ol

s
12 9190 & AT AL 56 48] A5E B4
ol5y 2xow T4E HAEWEES T28 1, A
A A% A, A8 5 20 B4 A5 A RS e A&s
24 ATk IR TE BANA AN A8 B4 7%
£ £9] 487 7)4t 5G 410 A% 2
A

o

O

oN

2

&l
7
=

‘0 2

by
rlok

0

o]
pil

T

A\
]

)

I

B =T U o] A E . Aol A EHA
HE=9] 43 574 S-S A5t A3l A e 582
AL A2 iRt 24 AIE AR Al4golHe -] Al
AR, 1R AL - A R =3

of

12 418 17 4 94} AFE]

=

725G 01 5BA 71450] o] et Al 2 23 op
A 8 7149] g 71540] et A7} gas) olsol
A1 Ut} £3], 4.7 GHz o] 1153} tf 4-& E-83F 5G SA
(Standalone) E-41 3+73-2 7|2 5G NSA (Non-Standalone) ¥
of] H3f o W& A At QM2 T4l 5= Ao =M,
HHRY SR] HFH(MEC), AAIZEA0], A o5 2F(AMR) &
£ 5 1=okE 3-8 7| o] = 8F 3 Qe =7t
& 5G SAS] 488} ol Fubar HAofli= 2fo] 7} 9lo
L, Zboll A T 71 A E A A Al g A
5] AFPE AL 9l o™, oFF] SAT} 4S8 A] gk A HolA
+ ©]75] 5G NSA 7[5t 70| 4 9] 88 7Fs/dof tigt A5
# o] 8= 1 Qlrk. T3l 5GNSA B4l 502 FE5]
T8 7hs et A5 A5 o] B 83 56T 15 A E A
Sh=dl 71 2]9)7F Qi

Al 452 A8 g0l upet 34| 9=, Eo] A
Z FT RARE ALY B0l A= YIEY 3 A4, A E(itter),
7 EAE 5 e 3450 25 Aoj9] A=A 7 bH A
of] 21744l Y I}, whebA], §at o] NSA 7|49k 5G
8ol 2 ARREE oA AR T 2AS Bt
AR B4 A5-S FFH oz Aok, A dol A9 g
73S B7lol= A7 Z 85ttt o] = AR @ W Aol
BEEo| dAA o] AAHS ElotalA} sk 7ol 7|«
A wct 7|22 A28 <= 9} E3E 3GPP TR 22.804 4] I
T2 71502 3 B4 A5 W7 A RE AEoto], EFE &
A7} 71e8 8 23S SRS EATo 24, H719
gt A=) AdE ol 1A} gt
A S £01, A8 5G NSA BAIY 3o A i 259 o
A S DA o] B S04l 762 E8oto] AR A AH
S A5k, BA A A A5S AE 7o 2 BAEg . o]
Aol As A 54l o2 Hat 40 ms2] A A9 ms ~ 10
ms9] A Bl #5519 21, WebRTC 7]5H2] G4 AE o]
A% End-to-End Z|940] OF 347 msZ &4 =0} YA Aojof A
A0 7 HE 7Nset RS Btk o] 23t AIH=5GNSA
71919] A8 Ao M A& 37 27104 AMR 2-80] 4
A 75T Al AR 53t A Aol B =Rofl A& gt
=9] 5G NSA B4l A AA| A= 84S ZARE | AEH]
TolA 578 J5 B7H AFHE 7IWECE 5G NSA B419] A
73T A A 28 73S Y5 otarAt gtk

>

=,

2. &3 HAEHE L S419 74

[Fig. 1] 5G Advanced manufacturing substantiation Test bed
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[Fig. 2] Transportation process of autonomous mobile robot
within the test bed
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[Fig. 3] Autonomous Mobile Robot Driving Path

[Fig. 4] Autonomous Mobile Robot Raw Material Tray Loading
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[Fig. 5] 5G wireless communication network diagram
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[Table 1] 5G-NSA network configuration

Item Spec.
Frequency Band 3,500 MHz ~ 3,700 MHz
System Bandwidth 100 MHz

gNB antenna configuration 4Tx4R

Networking Intra-frequency
MODULATION 256 QAM
Multiple Division TDD
UL/DL configuration 9:1
UE Tx power 23 dBm
NR Tx power - 5G antenna (2 Layer) : 4 pcs

*11.9 dBm x 2 pcs, 8.9 dBm x 2 pcs

(62 — 7121 — EPC — 5} — S| Ajuigeo 2 7
Astsich

= B AA AR @A AR EE 1 1PE 7]
Hto 2 445}9 0, NAT (Network Address Translation) 2!
ZE ZLY(Port Forwarding) 7]5= &l Bl &4l 4
27h AN 0|2 B3 o] ol Fu)S T 5G4
|G SHNA HH o 8 4 =S S1leH, HE
92 45 240 MEAT AS ABHS TR 5 IES
AAstAth 2 E|AEHES] 5G 74184l AR [Table 1]
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=74 HET AEE 0] R FR71AP)E B3l AH|IAE A
Sote BrAlo g, v E W 7] 5 vlga} {Agt X
E

Jo & A et e YA AE EFF0lA E2 Z-8Ht
o

Wi-Fi 7|2 @717 U A8 5 Al AR dijte 2 37}
=k A% gl A& F W 2 EHAMR)O] Wi-Fi 3-8-7|(IPTime,
A2004S, 802.11ac A/ ¥)E A28 om, AA| A% gHof|A]
FE PAE=HEYA 4L 112oto, [Fig. 6]2F Zo] 2%
/48] — Wi-Fi Z37|(AP) — A A1 =0 2 4519 o,
Wi-Fi 541841 AR [Table 2] 32} 2t

==

Robots -
/Equipment WUIRE

Control
Server

[Fig. 6] Wi-Fi wireless communication network diagram

[Table 2] Wi-fi (802.11ac) network configuration

Item Spec.

Frequency Band 5,150 MHz ~ 5,725 MHz

System Bandwidth 20 ~ 80 MHz

gNB antenna configuration 2Tx2R
Networking CSMA/CA
MODULATION Up to 256 QAM
NR Tx power 5dBi x 2pcs
23198 842 AT B 5 71E

AULE A2 S04 Aol 5 EE(AMR)O|H Y uf

Ygaoleel 22 oj5d 230] YL Wigon 1A
47} ZAA A BA BHE HA S JevEYI BAS 8

Tk £5) 22 Alo] W 34 A5oie} gre vld AejE
3 8-80]A= URLLC E4Jo] 814 7]&848 7155}, of
o 2 QAT 56 489 7uko s 5 54 BN A2
=4 (atency)& FHA 0T A2}, 0l2 FA 444l 712
H o 2 ARAE AF5A Bk,

54l A5 7152 3GPP (3rd Generation Partnership Project )
TR 22.804 2 5G-ACIA (Alliance for Connected Industries and
Automation) White PaperS &8 7|& 0 & 49t0H, o] 5 &
A2 AEE 58 AlutE] o] tis A A7 AT, ASE=
59 715 oot Yt E5] & =Fat TRsto olF
250 F9 4l A5 7|5 [Table 3] o} Lt
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[Table 3] Communication Performance Indicators for Mobile
Robots (3GPP TR 22.804)

Item Spec.
Motion Control 1 ms~ 10 ms
Vision-Based 10 ms ~ 100 ms
Latency Control
Operati
peration & 40 ms ~ 500 ms
Management
Jitter Less than 50% of the cycle time
Data Rate > 10 Mbit/s
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3.2.1 5G 41 B4l A$ S (Throughput)

[Table 6] 32} Zo], Bt hERE HE H= oF 8157
Mbps= RGO, X4 677.4 Mbpsoll A X[t 935.9 Mbps7}
A RESIQH. ol= 3GPPolA] AAIShE A8 8 712l
10 MbpsZ IA A3]eH= £2 2, THAE AL HlojEl9] A

[Table 4] Communication Performance of Mobile Robots Based
on 5G-NSA Networks

Trial No. Download | Upload Speed | Latency Jitter
Speed (Mbps) (Mbps) (ms) (ms)
1 935.9 119.8 25 0
2 843 113.8 23 1
3 687.1 117.5 26 0
4 916.9 116.3 24 3
5 726.6 117.7 29 0
6 6714 115.1 26 1
7 862.9 116.6 23 0
8 727.7 115.1 25 1
9 934.6 117.6 25 1
10 882.1 116.9 23 1
11 778 112.1 22 4
AVVaelrjege 815.7 1162 24.6 1.1

B4 7)Aol ER e Al 34 A8 % B4

[Table 5] Communication Performance of Mobile Robots Based

on Wi-Fi Networks

Trial No. Download | Upload Speed | Latency Jitter
Speed (Mbps) (Mbps) (ms) (ms)

1 659.9 473.0 4 0

2 681.1 561.1 6 0

3 680.4 554.0 6 0

4 667.6 545.9 5 0

5 644.5 500.1 3 0

6 425.6 4189 3 1

7 633.2 524.1 3 1

8 644.9 406.7 6 0

9 682.6 532.1 4 0

10 378.9 354.5 4 0

11 654.3 4284 3 0
AVV:lrjege 613.9 481.7 43 0.2

[Table 6] Communication Data Rates of Mobile Robots over

5G-NSA Networks
Metric Average Minimum | Maximum
Downlink Data Rate | 815.7 Mbps | 677.4 Mbps | 935.9 Mbps
Uplink Data Rate 116.2 Mbps | 112.1 Mbps | 119.8 Mbps
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3.2.2 Wi-Fi §4 841 A% &= (Throughput)

2R A= e

[Table 7] E2} Zo], Wi-Fi B304 24 H Ho 22
£ 9F613.9 MbpsZ LJEFE O, Z 72 682.6 Mbps, ]

[Table 7] Communication Data Rates of Mobile Robots over

Wi-Fi Networks

Metric Average Minimum | Maximum
Downlink Data Rate | 613.9 Mbps | 378.9 Mbps | 682.6 Mbps
Uplink Data Rate | 481.7 Mbps | 354.5 Mbps | 561.1 Mbps
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Agh2 378.9 MbpsE 2% Gt} 0= 3GPP TR 22.8040]| 4]
AAISH= 4HA-8 B4l 71221 10 MbpsE FA] A3lst= =
ojn], 7t £ Y 2EYo|Y 34 AH BUETY &
tho] AW ABLE A% 3-8 S22 tl-8 7he et 4450l
OF. 12y 5 S50l A= 400 Mbps 0] 519] 7H A 91 &=
9 @Al ASH AU

3.2.3 5G B4 841 A4 A A(Latency)

[Table 8] 32} 0], 5G &4 ol S8E B A5 AA
2.24.6 msZ, 3GPP TR 22.804°1| 4] 7 2J5F-2-%5 T4+2](40-500 ms)
4 G/ 715 A|°1(10-100 ms) 7] Hiof| 2 0 = S5}k

¢
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3.2.4 Wi-Fi 5§41 541 A% XA (Latency)

[Table 9] F2} ZHo], Wi-Fi 2H4ol 4 o) B A A AL 43
msE S =0, X4 3 ms, Ht 6 ms H Y HollA 2=
k. o= AAFO 2 5G NSA HiH] 22 A4 EAJE Ho]
o, Q8 A7 RS -§-8of] e 4= Qs A5 Uehdc

3 415 A= 3GPP TR 22.8040]| 4] & 215} 7] A] A|o}(1~
10 ms) S FHE31H, J4F 719E A01(10~100 ms) A 7152 &

3.2.5 5G 54 B4l A€ Jitter)

[Table 10] E2} Zro], X (Jitter)~= HF 1.1 msZ S =3
or, 2|4 0 msof| 4] Z|oh 4 ms HY] HoflA] H3lstITt AH
= W2 7 =2F A|7He] HEAdE ofnstH, 1A I
Hol| 323t A 3ot} £ AF oA S7H A el =i A AH
7] A1ZH100 ms)2] 50% H]TEQ1 50 ms o] 7S 5] Tt
o, 541 g0l A HolH 4241 2 A7t HEo] w2
< HojEth o= 2RO Alo] { 8 A A EAA] @A
< A3 £ Sl 71k AlFskH, xR 37 AAZEA

o 1S ol AT g
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[Table 8] Communication Latency of Mobile Robots over
5G-NSA Networks

Metric

Average Minimum | Maximum
24.6 ms 22 ms 29 ms

Transmission Latency

[Table 9] Communication Latency of Mobile Robots over Wi-Fi
Networks

Metric Average Minimum | Maximum

Transmission Latency| 4.3 ms 3ms 6 ms

[Table 10] Jitter Performance of Mobile Robots over SG-NSA
Networks

Metric Average Maximum

Jitter 1.1 ms 4 ms

[Table 11] Jitter Performance of Mobile Robots over Wi-Fi
Networks

Metric Average Maximum

Jitter 0.2 ms 1 ms

3.2.6 Wi-Fi 54 B-A1 X €] Jitter)
[Table 11] 9} Zol, Wi-Fi 230l S48 Age B
0.2 ms, 2|t 1 ms, 2|4 0 ms= WERHT. o= v g4l
7}, 3GPP TR 22.8040] 4] A A3 “37] A|749] 50% o5}
2H= 2 E 7]2(d: 100 ms 327] A 28] 7|2 A] < 50 ms)S o

% A AES oI,

A A B AE S, A|A ARE AH 50
P& & 7S FESHAY
A3 FRIstith 53] 5G NSA 7[5 g0 A= Bt
815.7 Mbps2] ThE T &9} 1162 Mbps2] YEE &£, I
Tt 24.6 ms] A, 1.1 ms2] X[ E]7} Z7g =], 1< HjoJe] A
S AATE 3 BUEF, T 58 Aofo} 22 ANLE A%
Alue] o] A 7Fset 2] F4l FES A5

S5GNSA9A RJRE £Lrt JHid o s WA S4€E A
2 HIAEH| E9] 3-8 EAof w2} QoS Ao T2t 5
O = JAE|Q7] wiZolH, o] = AA AH @7l A 9] A
B A 2 A 7R e A4 +91E Rt Aot vt
9, Wi-Fi 870] 4= QoS 7]¥He] Egjg 24159 d7g0]
A=) A] FAY AR 0] 7] o]l 524 F4 2] 54l 2] Z 3]0
T2 Ako] 22T = QlTt.

Wi-Fi 7]dF BA1 9A] B4 613.9 Mbps?] the-E & &9}
4.3 ms®] A<, 0.2 ms2] A|H 5 L2t A& 7| F5k3inh 1
2L Wi-Fir= B|H 5] t) S ARE-51H CSMA/CA 714H] 35
Ad 72 B4, AA AR S 22 v ] R, AA|
A S0l Wit Rol A= A L A5 9] e B
got7] ottt 5 279 A& S 7P Y -, Wi-Fio
A A AR AT F7FE 7Rs/do] 9loH, 5G] At
A A7} QoS THE 3t A 8+0]| o A sict.

A8 SHoA= F 7€ BT 571 AlZH9] 50% olst 7]
= FESIU oY, 5G= Ao A2 7F T A7) A SH
oA & AR Ad5= HIltt

z

flo

T o ox

N

4.2 2

B Q1 48 5G 541 A1 QIIEHNSA 7]k 3.5 GHz o)
o)E gl ATIE A2 87 Y AHEOIFEHAMR)S]

= O Ry
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A 59 Azsha, AL S8 712(3GPP TR 22.804)7}
o 48 713 AESHTE AT HAEH E=
T2 HARF AU Qo HHE 277 7|9ke] Al A
A0 g2 LEQom, HE S, XA AIZE A E o] o
o A o= EA5I9I
A8 AT} 5G NSA THHL A S (B TR E 8157
Mbps, 2T 116.2 Mbps), | A(F1+ 24.6 ms), A/ E|(H 1.1
ms)o| A B A 7|22 RhSolelom, 25 71 54 A
59l AAITE 94 Alof 880 28T B FES HET 4
9122 A=sHL}. Wi-Fi 74 9A] HF &2 E 6139
Mbps, A 4.3 ms, A|¥] 0.2 ms= $<p3 X5 H G 0w, Aeh
H HAE 2ANA= AL 7152 FE-0] TS0l
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