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Real-Time Measurement System for LTE/SG Radiowave MAP in the Sky using
Smartphone and Drone
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This study designed and implemented a measurement system that can measure the mobile communication radio map in the sky in
real time with a small size, light weight, and low cost by mounting a smartphone and a PC on a drone. The smartphone mounted
on the drone collects the representative quality indices of LTE and 5G mobile communication base station downlink, such as RSRP,
RSRQ, and SINR. The collected mobile communication quality data and GPS location information are combined through the drone's
Raspberry Pi PC and sent to the ground, and the ground PC uses this data to visualize the mobile communication radio map at each
altitude in the sky and provide it in real time. At this time, interpolation was used to prevent data loss to synchronize the GPS in-
formation and base station information. The implemented radio map can quickly identify the quality characteristics of mobile com-
munication links at a specific altitude in the sky in real time from the ground, so it is expected to be utilized for the optimal con-
figuration of mobile communication networks in the future UAM environment.

Key words: UAM, Mobile Communication, Radio Map, Smartphone, Drone

fo] A7E WG FFATAVY AT AN ot S Aol FAFHUIANYCE ATHUL,
=R gy A 243 8- (Department of Electrical Engineering, Kookmin University)
- Manuscript received March 10, 2025 ; Revised March 17, 2025 ; Accepted April 2, 2025. (ID No. 20250310-025)
+ Corresponding Author: Byung-Jun Jang (e-mail: bjjang@kookmin.ac.kr)

(© Copyright The Korean Institute of Electromagnetic Engineering and Science. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial 539
License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 36, no. 6, June. 2025.

[.M E

A Q=AY wE AL A 8 =4 3
2] EJ(UAM, urban air mobility) 7]&©] tF% 2L T},
UAM ©4] Yol Al UAV(urban air vehicle)S &3}
At s 55 A& &Fste v g 1E Al
AZ A AR R A 7]/ Eo] & o] 3
At o] A SENERE =Y EAYTLE
(K-UAM) ZE8Pol|A] 20250 UAM 4A 025 =
Qak 2030 FEetE FEE S An

UAM A 27 9] 83kS fleiie 3
o= eHg A9l UAM &< 918 FAEA 2|
2oty SELEROA B K-UAM +8714A4 1.0
X e el A FEAA 4G, 56 ©]
S E Ho] vk AT A7HA ol FF 4
S 2 A AHAE LR A0 7wl
FAME AE7t 225 E AR R FelA L F
Ao AstE= wA7F BT ol g A
= UAVE] 49l
B2 A B4y FAFES Age] Fofete Aol

A= ofof gk

r2 offl

o o ®
o

RSRP(reference signal received po-
qelete] AalS 48k
AME oA 7A= A8t &
Al Loju=d] o2 g

=

g
i
o

QL
Y
rre
oN, > JIN’
>
, ©
M oofft ot
of
>
ot
o,

3. 4

ZAoll= A7) ek opye} 7125
5.9 PCl(physical cell ID)2} RSSI(received signal strength
indicator), RSRQ(reference signal received quality), SINR

540

(signal to interferece noise ratio) 5= =4 4 Ut} 1A
ool s EAl AS g TR sHFo] viaL 8tr] o
& BT ofJ 34 Ao BAo] dAte R o]
A7) o}gth. g EE0] o] 53l HEE Wt &

OHES 7T W 54 FLoA HubEel B2

=2 o

R Aske] ANE Az olel e Bl
olo] & Aol N ERo| 4§ APEESD PCE B
Asel 23, A%, ANEOR 43 o) FEN A
S AN ANBOE HAT % 9
YA 0|8 TASYT SR GAH 2nhEE
A7 Huek LTES 5G oS54 7143 shggae

5 =R O] E(Android) S ZE] A O] A A A8}
th HE o5 F4 volE 9 GPS YA AHEE
2o HAE 28 PCE 53] A= Wi-Fl A=
Aol BHAA =3, A2ke] PCollM & o] HoJEE o]

43}e] Python ZEZIAHOZ Ay 1= o5l A
il AN R AZEEE Vs Algdh o o
E

A P e Mu EAS
& 4 ATk A Qte W2 TEo] &4 o]
= AEoM ] A AuplS Ao A AA7HO 7 wE
A Fheteh = QR oH, o] &S UAM 7oA ol F5
kel A A Aobgd A9 wE Ad Fol g8
g 5 S ASE /Yt
B =79 AL b3 2tk A [3dAE 58 7]
wko] Moy SAGAAE 9] @ pAafelat A|AE A )



A A2y

}

ATfEEF} ERS o] 43 A4 LTEASG Ay A7 &
I OAY FAE F ole A AnESA ALE SINR #to] @b & 9lom, kol mhel Wsleh= 7H4d
e o8 LA 7R o WA, =80y UAV = BAse H T3 S Ik o3 7Y A
= WEZE FAER SHALELE A Fo|uA A4 A S o] gste] Ego] uad wj 54 oA cell
Qo FAscr gk Eeh BES SANLA ARl ede® BATY AT AR YA 7HeAle] g0
OBz vz Ao AL olFHUA WE AW BE AANOE EE 2FAA Yol SR 240
2 99le) Z40] ol FolAol BTk ER, SAA H 2 A% Aol thd F 0 AHD ZAo) HeIES o
AR AT A F o A 2L 5 el Bk Gtk oleld BAS el 54 Ll Ase fe
o & AFIINE TES LAY Qe 249 W Hom 74 4 Ao
e e BROE Bes) o) Faua 54 Ao 4
HE4E 250 AT SUHES ST A4 22 HTH SHAAES 7Y
;\.‘C_*/‘\_]g_é;ﬂa HE 7]g}0 i/\l;\z}giﬁruu
=T § OIS e danse oo 218004 TG AT ol FEA AnAY SHA 28
g W5 "k Wk 2gAgel FATS Flsge _
) ) D = o QAR At & =M AAg SHA2E
W, g %S B2 S 240 AUal 24T 4+ 3 s .
= AsE RS TE s o 3% 19 13 2ok HA AKE0 7 Fol AHEE
AT Aol e PAL SN E 19 TS F
A W7k %S olgAT B 19 A5 147 3
oAl 5743 RSRP, RSRQ, SINRY| 37H4] 71F41 5 é
Ths o] &3te] o] FEAl Mu|ATt T AHE 47
A2 e Aolt 8% ARE 3GPP EZO|A A9
3 Aol dukA o2 AR EE o, o) :
A RSRP= 71A¢] 32 A5 A A8 #iS ey ;
M. 80 dbm o149l A $3¢ FAZ Bk ol & s
TE7F EoHEeE A 4 E Q18| RSRP7F Hobd (@) 225
S\t RSRQE A3 2 thu] 2 Hohehv, 744 i (@) Block diagram
BE5S o] wolith 59, B4 BN el
ol RSRQ7F Adkd 7hs2d o] =tk SINRE A% tf 7t
AHIS Uehie, 20 dB oY A ¢ F22 v
SHAIRE, —10 dB olstell A= Hlole Hfo] A&aA] &
< T Uth AFelM e e Z(multipath) 7Hd ol et
H 1. LTESG olg8al Aosd 7IE
Table 1. Classification of LTE/5G mobile communication
signal quality. \
Analysis RSRP[dBm] | RSRQ[dB] SINR[dB]
Excellent —80 -10 > 20 (b) A2 SHA LT AR
Good —80 ~ —90| —10 ~ —15 13 ~ 20 (b) Phogtograph of measurement system
vac | % s ) 0-n I8 1 ALY SIFFN A7 9029 AR
—100 Fig. 1. Proposed mobile communication radio channel anal-
Cell Edge < —100 =20 <0 ysis system block diagram.
541




THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 36, no. 6, June. 2025.

8550 EES ARSI o s =28 A 1.5 kg
A ot W Ak ol g FA WelA =
B 2 AT FA719 A7, ARtEE, PC, GPS
A7) Fo] E3tEojok stEE 17 13 2o] AuEA Al
28-S FAsITh WA LTEY 5G A3 4L FA38
A4S OUR 284 S0+ APEES A6, b
ol Az % A w3 PCe AHIE s
Raspberry pi 45 A4t B89 ey =2 o
g T A 25 Hastely] fdst] SHAEHOR
JFES el TE el sl

ZutEEO] FyoA olFTAY Ao FEA HolHE

415} Raspberry pi 4 PCE HUA| 3, ©] EH GPS 914
Eﬂo]ﬁg‘r Aato] X]*}O AgE =
15

s 54 277 A4 7}—*3,% BA 7] Sl
A& S0 ZnEEM £¥ PCE FAFE HolHE
Adshe g2 RS232 7] Hu A AEEANLR 3

3-1 OtEEO0|= APP &

2 AN ARG AEEY] AR E PEEO]
TOo]BZ Android Studio®] Kotlin 37404 off Z2]# o] A
= NEsiginh dlEeA l Y] TS WA AntEE
HAE USIMS 5oz <l “6?04 FAE AdEEin.
o] % TelephonyManager APIE &-8-3}0] 7|A|=to]| A Al
T AFZ HolHE 918k, EARFON(F3H+ 2

W3) g 7o g ALg A7 ek Fubg g o) Al
3 4 HolEl7F 23 PCE HjAA Hﬂ} o192
o} o] AMAE Yoke Fog U9S A9 T e

542

STOP MEASUREMENT

Status: Measuring USB #Eff: GIOIE| H&& Status: Stopped USB #El: &% g2
[ soomsiz~soomiz (] 186z (] 210m [J 2.60H
0 asor

RSRP [dBm] RSRP [d8m]

10 15 20 25 o 5 10 15 20
RSRQ [d8] RSRQ [dB]

10 15 20 25 0 5 10 15 20
SINR(dB]
@ SKTLTE-RSRP:83,RSRQ:5, 20|

SINR: 18, EARFCN: 2850

20 10
KUFA KUFA

J8 2. o]g5ald 34 dEeAclA stH
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(a) RSRP, RSRQ, and SINR variations to 15 m range
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(b) RSRP, RSRQ, and SINR variations to 30 m range
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Fig. 5. Changes in RMSE and parameters according to di-
stance differences.
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