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We are encountering the fourth industrial revolution and the digital transformation
era, where artificial intelligence (Al), the Internet of Things (IoT), big data, mobile,
and cloud computing converge, and the industrial ecosystem is undergoing significant
change accordingly. In line with this global trend, we diagnosed the current status of
the human resources in radio wave technology and conducted research on ways to
cultivate the creative talent in this field for the future. We propose a plan to
develop future talent in radio wave technology based on our research into current
human resource production, industrial demand surveys for educational methodologies
and future technology, and university education aimed at fostering  upcoming
professionals in this field.

In the section on the status of radio wave personnel production, we conducted a
survey across 66 departments (divisions) within 32 domestic universities to assess the
current status of the radio wave individuals who have completed undergraduate core
radio wave courses. Additionally, we investigated student perceptions of these core
subjects, explored overseas trends in radio wave education, and examined the
improvements mentioned by professors teaching the core courses. Over a 10-year
survey period spanning from 2014 to 2023, the completion rates of the core radio
wave courses has been continuously decreasing for nine years since 2015. The
reduction rate of those who completed the courses in 2023 is 17%, compared with
the completion rate in 2015, resulting in an annualized decline rate of 2%. Analyzing
the decline in the number of undergraduate students completing these course reveals
several reasons: 1) the low proportion of students opting for the necessary
mathematics courses (such as calculus, vectors, geometry) essential for the radio
wave courses and the increasing number of students with inadequate foundational
math skills, 2) a lower priority in the student competition for important subjects due
to the lack of industry understanding linked to these course, 3) no government-led
workforce training programs for undergraduate students in radio wave field unlike
the semiconductor and Al fields.

In the section on industrial demand surveys for educational methodologies and
future technology, we carried out specific surveys related to these demands. In




industry, the need for training on electromagnetic (EM) analysis tools, circuit design
tools, SW coding, and measurement equipment is substantially high, but the
requirement for training on Al, SDR, and equipment control is relatively not high.
We conducted a survey on the outlook for promising industries and technologies in
the radio wave field compared them with the outlook from 2021. Promising
technologies in the fields of 1) broadcasting, information-delivery (communication), 2)
radar, sensing, 3) wireless energy transmission, and applications are 1) mmWave
massive MIMO system, full-duplexing communication, terahertz communication, WiFi-7
modem technology, V2X technology, swarm LEO communication technology, 2)
cognitive radar, swarm/constellation small and medium-sized satellite SAR, 5G radar,
UAV-mounted underground penetrating GPR radar, space surveillance radar, UWB
radar, vehicle radar, 3) long-distance wireless charging, electric vehicle wireless
charging, LEV wireless charging, medical diagnosis based on radio wave technology,
and radio wave therapy using radio wave energy, respectively. Here, interest in
terahertz communication, full-duplexing communication, 5G radar, UWB radar, and
long-distance wireless charging has decreased.

In the section on university education for nurturing future radio wave personnel,
we examined open lectures and observed the changes in radio wave education within
domestic undergraduate programs. Aligned with the global trend of open education
through online platforms, various radio wave-related education programs are available
through open course ware (OCW), Standford online, and massive open online courses
(MOOC). Training for certain experimental equipment and SW is now conducted
online using virtual tools, and this method experienced increased utilization during the
coronavirus pandemic. The methodology and environment of radio wave education
are also undergoing changes. There is a shift from HW-centered education to
SW-centered education, from electromagnetic phenomenon analysis using formulas to
intuitive design using electronic design automation (EDA), from individual element
technology explanation to comprehensive integrated problem-solving based learning
(PBL), from using expensive equipment costing tens of millions of won to using
low-cost equipment costing less than a few million won, and from focusing on
regular curriculum to operating regular and extracurricular courses together.




In this study, we make the following suggestions to train future radio wave
personnel.  Firstly, we recommend establishing a wvirtual RF education center
facilitating networking among universities, research centers, and industries nation
wide. Secondly, we propose a government-supported program within departments
associated with employment. Thirdly, we suggest organizing an undergraduate
competition focused on the field of radio waves. Fourthly, we present a project
aimed at identifying industry-related issues in small and medium-sized businesses
and supporting industry-academic scholarships. Lastly, we introduce the operation of
research groups dedicated to addressing practical problems in the radio wave field,
serving as a bridge program between undergraduate students and professional
expertise.
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(D dejzo] thst A71A57E 38 (Electrical & Computer
Engineering department at the University of Illinois), ¥]=.
O introductory coursex 38hd F43=
O wpola 23} I R(FF/F8)v 48d A=,
O Focus Area®} #o] oA Ad8st list 2 342 (= vlol
A=Y, EY FY §oE AR

(2) €& o8t (Universitat Uim)d, = <.
¥ 5 zEE deld 2 derE g A7 Hojd tistd T4
O 7|8 & ¥ 952 dFmo=E £9.
O Specialization(Ez& <9 A8 JFofz HQ) FT 3JFY=E high
frequency technology”} )+

(3) wjAFEAM = &3 sH(Massachusetts Institute of Technology), ©]=.

O MIT EECS &}3}+= Electrical Science and Engineering, Electrical
Engineering and Computer Science, Computer Science and
Engineering & 87}A] A-¥o =2 HA.

O +8& ZHFHE: Electromagnetic field, Forces and Motion,
Electromagnetic Waves and Applications.

2) https://ece.illinois.edu/academics/ugrad/curriculum/ee-curriculum-06
3) Research, Study, Knowledge transfer - Universitat Ulm (uni-ulm.de)
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Applications, The Electrical Engineering Profession.
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Colar Key:
Required for
EE & CE

16 hrs FREE ELECTIVES

CHEM
12 hrs GenED ELECTIVES

MATH 221  PHYS 211 3-0f-5
required in EE:

Required for EE

Required for CE

" Focus areaslor |
TECHNICAL
ELECTIVES

PHYS 213 4 Selected from a
; t Departmentally

241
haTtan PHYS 214 | approved list:

PHYS 212

31 hrs for EE:
s A at least 21 hrs
MATH L 2N from ECE,

e —— including the

m—\ 285 d 2 : 3-0f-5 courses
o [ ] and 3 ECE

ECE 210 I oory | labs; at least &

hrs of non-
ECE

RHET 105

30 hrs for CE:
including the
1-0f-6 EE
Foundation
Course, a
Design
Elective, and 3
courses fram
the Advanced
Compuling
Core

[ Freshman ) | Sophomore ) | Junior / Senior ) |

[13 2-3] €8] U3 Electrical & Computer Engineering 3}5-3}4
A &4

6-1: Electrical Science and Engineering

The &1 curriculum builds prir.

anly on the Physics Il and Caleulus Il GIRs: not 2l subjects require a GIA &5 & pre-requisis

introductory subjects introduce Progm M_Slyllla Introduction to EECS
students to the breadth of our E.0001 or 8.5081 000 of .02 or 603 or 6.08
department, and teach
fundamenial skills for elecirical

anginsening and computer Difterential Equations
sciance 1800 o 220087
foundation subjects build Computation Structures Signals Circuits
on introduciony material 004 G003 6.002 Communication
BLUAT ord.UAR
Course &
Hignale, Systems; ekl Nanoelectroni
studants choose thres and Inferance’ Reuraphysiology iz £y Elgrae
header subjects, which B4011 BORT
typically rely on s foundstion Electromagnetic Maching 6
course as a pre-requisite Figids: Electromagnelics | | | orning M:.
6014 603 &0u8 Enecy
thres additional
l l sublects are
advanced undergraduate subjects PRI, Fep typically taken
bulld on header material; exact pre- Undergraduats Undergraduate in the junior or
requisites vary Subject Subject saniar year

[Z1¥ 2-4] MIT EECS stH-343 A&
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(1

15t Year

2nd Year

BA {Hons)

Electrical Engineering
Flowchart shows the Sequencing of Courses (see text for details)

Freshman Sophomore Junior Senior
Math 19, 20, 21 i
£| Mathsy,s3 cn‘::o;:' 1532 Prob. & Stat. i
S| CME 100, 102 Fokiit oA EE 178 ;
ENGR 108 {8
! =
g i P2
g Physics 41, EE 65 Tectmuiony i :
ﬁ Tryslcs Society (TiS) i
. S
o
-]
L EE 42, EE 101A, EE 102A, EE 108 18 Units
e
g WIM/Design + 3 Area Electives
= + Required Course: @
g I. EE 180 (+ CS107E or C5107) . £
= II. EE 1028 15 Units =
§ 1. EE 1018 {min) “
0 . Additional Elective Courses
9 g Fundamentals: ity
ﬁ c:‘g:;:;""g uncamentals: g units Frnm_ lljlsuplm:rv Areas, 16 Units
= | ENGR 40M or ENGR 76 {min) Multidisciplinary Areas, Or (min)
Engineering Fundamentals
2-5] 2"kl ¥ = tjstw EE stE-3A A2 FH(2023~2024)

E=3 —
Enginaering
; 3B1
v
383
ST mh-ngn m
sttt i e 3B4
‘ 3B5
= =3
3B6

Title

Radio Frequency Electronics
Integrated Digital Electronics
Switch-Mode Electronics
Electric Drive Systems
Semiconductor Enginesring

Photonic Technology

(27 2-6] AQRA Botm FFRHA ALl B
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4 L,

O A5 &9 A A /M 2 ooz Ay #d 7=
ool gt ols) FHS =3 U5

O AvrlE< oldfisty] 98 B2 sty e Avus2 #3st
9] & Holgl ] o2& y|Ho=w WEWHE mE WA,

SA 9 L HED
oo 20228Hd = 20238 =
° k(4] H-&(%) ik e(G:)) H]-&(%)
2ol shgst A& | 321691 70 332,870 65.9
Qdojsk wixl | 133,889 30 172,263 34.1
SE3 54 | 222011 51.6 240,669 50
43t e 170,484 39.7 210,199 43.7
718t 37,304 8.7 30,242 6.3

4) Brgd, 7R3, v, bFEL, oJAS, oldA, 1A, “SEAA HAuwKo EAAFL A" IF=A
A31813] 2], #2048, A1=Z, pp. 152-157, 2009 14,

5 AWE 2012 “HAAE T SEAA Hy S AbE - Part 1° BRI 0 BEE@MIEZe:E = The
Proceedings of the Korean Institute of Electromagnetic Engineering and Science, 23(3): 66~71

6) AHE 2012 “HAE T3 FEAA At wS Abd - Part 1Y ERIEEMN 0 BEEWIKZE:E = The
Proceedings of the Korean Institute of Electromagnetic Engineering and Science, 23(3): 66~71

7) 2022~20238 A% F% T/ AHIAEE A Y H H & AF=o]| TR,
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=&l 2 g W 8s.
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v Tk §% Anley g,

4714 A9

vOARIA SR I Aeketa 29 (3R, AR AL

VORI AR g slE BHSE AT B AP AL,

v oS5 A Y AT 718 AF

v AT 7 tebd 53 AE Y 2 29e 5@ 4 9
s A7 AA 7%

8) urgd, Fd4, B, +EQ, olAS, oA, A, “IEAA
A348+35] =], A20A, A1S, pp. 152-157, 2009 1€.
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MITOPENCOURSEWARE ABOUTOCW  HELP&FAQS  CONTACTUS

TTS INSTITUTE OF TECHNOLOGY

Discover courses, materials, & teaching resources
_ Search o it

Looking for teaching materials?

UNLOCKING KNOWLEDGE,
EMPOWERING MINDS.

Free lecture notes, exams, and videos from MIT
No registration required.

LEARN MORE ABOUT THE OCW MISSION

Are you new to OCW?

MIT Open Learning Library
Free courses with interactive content from MIT OpenCourseWare and MITx.
View the list of courses.

MIT Open Learning Library

Featured Courses < Previous | | Next >

2111235 | UNDERGRADUATE
Monteverdi to Mozart: 1600-
1800

ine Arts, Music, Music History

Discover Collections

1741 GRADUATE o 21L.310 | UNDERGRADUATE
Land, Water, Food, and Bestsellers: Out for the
Climate Count

or Walam

Prof. Dennis MeLaughiin

Topics: Eneray, Cimats, Reneviabies Humanities, Lt

&13-14 | UNDERGRADUATE

Experimental Physics | & Il

"Junior Lab"

instruct Department Facuty, Lecturers,
and Tec

taf

Topics: Science, Physics, Atomic, Molecular,
Optical Physics

OCW offers course content and materials related to a wide range of collections. Below are some topics available for you to explore:

[T 2-9] MIT

Electric Field Configurations

Force on Charges

Interacting Charges

Suspension Eridges

Creating and Destroying Electric Fields

Relationship between E and V

Gauss'’s Law Problems

OCW

Calculating Eleciric Fields

Forces and Torgues on Dipoles

Van de Graaff

Capacitors and Conductors

Flux

[2%) 2-10] MIT OCWoll A A 3%+ visualizing e&m

Charging by Induction and Shislding



Introduction to Epidemiologic Introduction to Internet of Things
and Clinical Research Methods XEE100
EPER25

Stanford School of Engineering.
Stanford School of Medicine Thank you for your interest. This course is no longer
open for enrollment. Please click the button below to
receive an email when the course becomes available

Online, self-paced - Enrollment Open
again

COURSE NOTIFY ME

Stanford ON LIN E % Format Online, instructor-led

z Time to Complete 10 weeks, 15-25 hrs/week

& Tuition $4,056.00- $5,408.00

Subject to change

Wireless Communications Advanced Feedback Control
E Design M Academiccredits  3-4 units
AA212
Stanford School of Engineering * Credentials Stanford University Transcript
stanford School of Engineering
& Programs Internet of Things Graduate

Certificate

(29 2-11] Stanford Online lectures
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13) https://www.coursera.org/
14) https://www.edx.org/
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AAEA] FH ug.
:https://www.coursera.org/specializations/electrodynamics

e RICE university, v]=r.
:https://www.coursera.org/specializations/introduction-to-electricity
-magnetism

o TUle (JEZH FHheh), UEHE.
‘https:/[www.coursera.org/learn/microwave-antenna
:Microwave Engineering and AntennasolA H=zZE A1),

2087 UELAS I
coursera =

Coursera®f| A= 3007 0| 40| F2 Tt 3 S|Alet FABL|CL

T iLLiNois Duke Google m i=E ciacolege - Stanford % Penn

67 ol 22 B AE zocwn o

Z2HE #2|xt

FHBEXAT

—— .ﬁl. =T -
(18 2-12] Coursera

15) A. B. Smolders, D. M. W. Leenaerts, K. A. P. Hastenberg, E. Den Boer and U. Johannsen, “Launching
the First Massive Open Online Course (MOOC) on Microwave Engineering and Antennas,” 2021 51st
European Microwave Conference (EuMC), London, United Kingdom, 2022, pp. 5-8, doi:
10.23919/EuMC50147.2022.10050254.
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e Computational EM.
‘https://empossible.net/

e MATLAB 7]%te] oA sd& 25 AlFstar U=
e MATLAB?S] 7% oAM= A3 75, 5 olo tigk &8 7}
=

1D FDTD with 2D FDTD with 1D & 2D FDTD
MATLAB MATLAB with MATLAB

W EM i EM

All Courses, MATLAB Implementations All Courses, MATLAB Implementations All Courses
Implementation of 2D PWEM for Band Implementation of 3D PWEM for Band Implementation of 2D and 3D PWEM for
Calculation in MATLAB Calculation in MATLAB Band Calculation
11 Lessons $145.00 13 Lessons §295.00 §395.00

Implementation of 2D Implementation of 3D Implementation of 2D
PWEM for Band PWEM for Band & 3D PWEM for Band

Calculation in MATLAB Calculation in MATLAB Calculation in MATLAB

HEM W EM

[13 2-14] EMPossible®] MATLAB 7]vte] oA mtd =
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S AHE 7R RoFaA 44 A7t 7hsstAl §6).
‘Remote Lab (FIEE "YH|Z Ru|F=31 H5)17,
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Anzlog  Digital | Tiager | Flayhack Tigger | Extemal Miser | Btendions g
-~ K

Measurement Chanmel: Al (1) (2] 13
o i =l

¥ Sngle Ended *i [
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V) - Same s Input
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St Stop

OHe & |1k

[7] Shaw CentersSpan i Fuibaqen
Frequensy Sepi
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o Bt Frequency Step
Sigral Track Shannull

Time Dats: ! TnamIFChange Soen

Baseband

SURLIELLARCE

16) A. Fontana et al., “Microwave Engineering education during COVID-19 pandemic: challenges and
solutions implemented in practical work,“ 2021 51st European Microwave Conference (EuMC), London,
United Kingdom, 2022, pp. 17-20, doi: 10.23919/EuMC50147.2022.10050218.

17) A. K. Iyer, B. P. Smyth, M. Semple and C. Barker, “Going Remote: Teaching Microwave Engineering in
the Age of the Global Pandemic and Beyond,” in IEEE Microwave Magazine, vol. 22, no. 11, pp. 64-77,
Nov. 2021, doi: 10.1109/MMM.2021.3102649.
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ARAL(F) 34

O mmWave massive MIMO system.

=< HolH HFEEFH} FuF diy F5 dGY sLAE A%
24~100GHz thg el T4l 7<=,
20153 A A7l B4 Ag ATUA A AIS S5At F419] KPI
(key performance indicator)?l HuW H<E 4% (peak data rate),
A2 A7 4% (user experienced data rate), X3 (latency),
Fut= &-& (spectrum efficiency) 59 2458 93+ 7]&25).
3GPPol A 7iWkst A 22 RAT (radio access technology)?! 5G
NRe] mmWave o<l FR2E g3l U+
MIMO (multi-input multi-output) s41& 93ll, 3GPPel Rel. 15
NR o] A] mmWaveOH Z2g% W 7§32 (beam-based
operation)e] A ¢S Aol 2020 6¥ ¥=F Rel. 1694 FR2
s H% "5 W & A3k (multi-beam  operation
enhancements)iéﬁ g9 7]&8 E3%26),

T 2 Ao] (radio resource control, RRO)E 53+ W F32&
WAEte] e B XA Zha
Secondary Cell®] ¥ A3 B,
L1-SINR® &4 9 ®Ha1,
53 YA 2~ WE(JAB, Integrated Access and BackhauD2 3l
Rel. 16914 FR1 2 FR2¢| ths FA B A4S g 2y-
& W £ (multi-hop backhaul) 7]&©°] *Z3}

O Full Duplexing &41.

AdE AL Foe AdolA Fog a8 FEA717] AR T

e Am EE R x}%-g— Bl $40 9 SA1s] @2l

25) %83,

“5G olFFA ®ES ¥, NTP F317&53F 18385 7189 8=, 2018

26) “3GPP releases 16, 17 & beyond” 5G America whitepaper.
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Sl Ando g 4 A7t HANE AZHFoa A Y
"&o] "ox2n

o« Y Y A o]= E4l(n-band full-duplex)s} Zo] &/F4lo] F
Aol 7hs3k 7les 288, olF Fd 99 T, @9 A
g AHAE F Ae AR FE XJFH = T £&8 o8
Aog F u7kA &8 F Ue s

o & AAS ol&dty FAHY FAS FA FsaA & o
TR ol A A9 ANEE k= A7} ZHA3 (6l
Self-Interference) Aol EAstH, SIE AAstE WH 2 7<=
== 2%

o Y W HolF FTAY A AA 7eS ol&std, thy < 9
= v AlZ(out-of-band interference)E A AEY ¢ Jomw, H
% d9(guard band) SHI= #A4 T 22 FIHF £89Y F
7He 71gE o+ U=

O Terahertz F4l.
FE o

.+ 23% AEE At (o FA-F Gbps AEE
) 100 GHz °]/¢9] Hes22 Y& A-83te A4l
« 100 GHz ol3te] "ejvEs Fo4 i) §e ~HERS] 1

Z FA~FE GbpsE 23% §Aalo Fdo] Aoz gol.

3nE g9 Pz
. 20194 5G 243k o %

)
AY 9 F2d F1E 98 66 Ve Hx/Mmd AA, AF F

27 Ao, AA, ZPA, ol 4], W, “TLUY HolF WA F£A] e E BFES 57, o=
ARFA7|&E 3], 2014.
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ATFA Y, A5t AElA 24, 71€ 523 5 A4S AR A

9

Aol =4

O Wi-Fi 7 modem 7)<

IEEE 802.11be:= IEEE 802.1laxe] %4 ¥Zo2 6 GHz |3}
el 4] 30 Gbps ol4+e] AEEL AF
A 7=,

[EEE 802.11 working groupol A+ 64t Wi-FiQl IEEE 802.11ax

of F& ®FO2A Wi-Fi 7]Mk ARIVR, AAZE A, 44 *
A, 2nd, 2AND AT AUz B9 Be A% HE

2= =
AL 2T7eE SEEE Jbs
802.11be 7|=9 ®F3HE F3l
802.11ax (Wi-Fi 6) th¥] 802.11beo] ¥ 8.4,
6 GHz o< ==

320 MHz ti <& AF.

16 &7+ =~EH.

HARQ(Hybrid Automatic Repeat reQuest).

0% AP 3t €9 dF 52 &3 AEE &

=

ANZE S8 LS A AND A

NE,
p\v
o
N

of

7%
Wi-Fi 794+ 5G%1 NR(New Radio)* & 74 2 ™ Al
WElstnA AGDA AN R AFEEE TEE S 2
Ry A

Wi-Fi At} 2rel B4 oo 2.
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Wi-Fi generations

Wi-Fi 4 Wi-Fi 5 Wi-Fi 6 Wi-Fi 6E Wk
(expected)

Launch date 2007 2013 2019 2021 2024

802.11n 802.11ac 802.11ax 802.11be
1.2 Gbps 3.5 Gbps 9.6 Gbps 46 Gbps
1-7.25 GHz
24 GHz and 5 24 GHz and 5 (including 2.4
GHz X Gtiz GHz S6He | Gz 5GHz 6
GHz bands)
WPA 2 WPA 2 WPA 3 WPA3
20, 40, 80, 20, 40, 80, 20, 40, 80,
Channel size 20,40MHz  80+80,160  80+80,160  80+80,160  Up to 320 MHz
MHz MHz MHz
D s 64-QAM 256-QAM 1024-QAM A056:0AM
. .
o OFDM OFDM OFDMA ORERAS Sinlhy
extensions)
4x4 MIMO, DL 16x16 MU-
- axammo 4 MMO L 8x8 UL/DL MU-MIMO e

Source: |EEE, Intel Corporation, Wi-Fi Alliance

(19 2= 2-1] Wi-Fi Ao 7+e vlw

V2X+ Vehicle-to-Everythingg 2|73} t}&
1 Vehicle-to-Vehicle(V2V), Vehicle-to-Network(V2N),
Vehicle-to-Infrastructure(V2l), Vehicle-to-Pedestrian(V2P).
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~

o~

N2 Y EFFE

L

THAE| EHEE4: WAVE, C-v2X (ITS HE2Y 5.9 GHz)

V.
.ﬂﬂ fn *RSU(Road Side Unit) ({f’q
O'o

EExteE|

+ OBU(On Board Unit) e T T~ e Tl ¥, e ~
g Sy (70) B

|

! oxpesera wryo) 5
Nl | PR
Jo" ' !

’ ]
T ey e = T - O|EE4A V2N ]
: 7%= o

R e e e e e e e e TS e

e HESI S4l: c-v2X (46/5G ¥ E7X|F 54 3.5 GHz)

(18 22 2-9] VaX B4l TA 2%

A= 48 #3238 AHAE (Low Earth Orbit, LEO) 94 7
S =
AE TR 83l olF F3l A, A,
=)

AAMe 1xo wg} A= (Low Earth Orbit, LEO) YA, =4
% (Medium Earth Orbit, MEO) 94, AA|HAX (Geostationary
Orbit, GEO) 914z T8 & A& ol F&Es= 1xE9 7]
T2 OEFSAT, o]FTAEESGAQ] 3GPPel A& 300-1,500
km 4Ee AAZZ, 1,500-36,000 km 4EFE FAZZ TR}

1 glom, 36,000 km ol EAsE A4 FAAE fHOE
2R 9

AAAE G e 0 FAEE} AT AREES FY3)
2o AolA B2 A FF FAT Aol WYE AN Hol

28) mi A=,

>
o
N
o
tio
i
&
of
22

714" 2021. 6. 29.
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O Cognitive Radio(¢1#] FA).

2. doltk

1zl FA(CR, Cognitive Radio)2 1999 =Al njEzk 34
(Joseph Mitola 17} A+A4 7}53Hreconfigurable) 23 E ¢ o
Ao XA(SDR, Software Defined Radio) 71&& 7|¥le g F3t

4 O] 8 ES Zo|xE EAHOZ A V)=

=
ol EFAl e FIF HAFE(C]IEE)S W o giFE
FAEA AN=ge 34+ AFE2 v 9 54 398 +
o A FAFA Al 2" P Fa5 H{Eo] 15% o]sto]
i, 7% T FF FHTFE olET HE H¥e 53 AY9FHo=
AREE A 23 vlo] Qe TV /5% AAE(TVWS, TV White Space)
o] E.

T AdEs = 2HEF Al(sensing) 7]

off
H
rlr
N,
to
fu
Y
&

O 1A #elth 71<«(Cognitive Radar).
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O

A doltt= TA-F5 Aol 719 wW=mE, Fo TA, AF
Y Hl 71A A dAE g2 Holth Al2=H
goltt ¥ A AE£HQ a8l o HPOERE
gF AAHES Tl 222 & #FE e AAsH, dE7t
7V g8 e 7Y BT AR ZA AL stk
A& 7hsslioF 3
A Holths 49 AHE dSsta BWAAHD A 2R E
TPt P ZRY Shgetal SgH AXS A AR Ths
afjoF &
2ERlo® 34, &8 9 S5 SstAY wolEH|ol 2ol F
Ho Ao oigk AR} AAE& F5HA ol - A ol&
g3t FRE FE3ta tlolE AHYE FEAIAk &

T3 & /Constellation T4 94 SAR.
T4y ta HA o3 AT+ #H=E FF/Constellation SAR Al
2H TeH &Y A dA e B IS AF S/ A5 SAR
o & Z AxH V=
43 Ao A 7153 SAR (Synthetic Aperture Radar) A
2H Vle2 A 4=, =9, NESZ (Noise Equivalent Sigma

=
Zero), Ambiguity 59 1A SIE 3 HA2EH 9 frs A7)

=< X3
A #=g A APt el ml4, solid-surface, &
&) 7|&EA 119

A% AME dEVe] nEE, A%

flo
4o o
r
rO
fui)
A
Al
A

Dual/Quad H3 &-&

0949 constellationol A A= <, A48 F, JdH A= 3¢

2
of w}E access (J=&), response time (¥H2A|7bH), coverage (3
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O 5G Radar.

stte] st=dol SHFAA T} Fag B B3P AR
goltt g FASA Zes A FE F e A=H
golttel FAFAS AdT dAs oA st 33
L3l xew,  RadCom(Radar-Communication),  JRC(Joint
Radar-Communication), DRFC(Dual Functional
Radar-Communication)¢} 53t
goltt Alzd 74 A Al2E A= = &
A(SI, Inter-System Interference)& E&ZH O Z HF sty F A
"ol MEE HA=sHA ASA Fn

it

(Radar-Communication Coxistence) A ¥l 7=
dolthel 8 FARKEZ ] HUEAAY, =&
I Fd FAe SFARKHEH Ol &5, HE L/R&E)s UEAZ

T U= JES X3

O UAV ®A A5t 3 GPR #olg 7] <.

UAV g4 A &+%3} GPR(Ground Penetrating Radar) #o|t} 2
UAVSY €7 AojE 53 & 9 ;Lz% ELAL 7)<
GPR ®HA7F Ag-ets F3t tof e nE SN F3 MHzE
o] g3t A3} WA HrHMEEo E}E‘r zZkol7F AAT, B
HE A 9 by AEE FH4E 5 e dAT $FA7<
x3siy FHEol = AN E AaAeE 2 E4F
doltt 7eS £
GPR #o]ttES UAVel A &3tozxn H2l7ivt dFE o vl
L9l X E Btk AgsA FAAZL 5 dojof dtH, Bop ¢
e RN B AUrE A&sA v 4h8 AYnE o
T o] 7hsd vld AlvEle 3 9 ngA|o)r|s 23
&

AE2< 794 GPR #oltt 7Ie<= UAVOl= 2&3t7] 93ty

_'q‘_l‘

s

A~
T

rlr mlo N2
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7 aAe 1ae3t, A3y AEFE, A AYE, AH LI E
HGNE 7t5shAl sl= SWaP-C(Size, Weight, Power,
=]

A A Tl ol mE ASAY AAE S5HS F e
8F By dagFE 7e =3

&7 fA 2 AA BR g5 2 BAAS 9% IMU =
EGI(Embedded GPS/INS)<] 7

A BAs 9%k DGPS 53 22 944 B Ve 48 4 HH

45 7% £3

H o

=
FRANES FAFEEE H3E AxH, dolA Axw, dol
TEY 5 Qow, o =9
28 @ HolH Azwol

gojtt Alxdlo] x3HM, A= fA4d

FAAE B T e A SR FHALHES o8 5
AN 2Fo] 4 Aol &8 FolARE ot A BlE
o] ml¢ w7}l wHE BFstm HA Foo] Yu sz
9 BF ®lol AHF FAVE Thsste] A a&HRl 2
Go2M Ad=olA FaAH T AT B 9 =Y F.

O UWB #o|tt.
e AREe E2 ATE AES W Fog tgo® bol
B Salsts oA A5 7=
AE A=

[EEECl A A 2l3k 7]& &F 802.15.4z= WIFE FoZd HE&
T glem, 7]&2] WAPN 802.15.4 thn] =i de Kt S 73s)
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= 71E

802.15.4z

gt o2 7} TagolAl 27
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3l ToF(Time of Flight)¢} @ o]t} 7

o] &

=
=

Ash A Az Aol

AoA(Angle of Arrival) 7]&
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e
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o

AF W e 2
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H A

7).

ol whel @A, A2

=
T
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oy

g 7
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AESA(Active Electronically Scanned Array)
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