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Trends in Intelligent Radar Technology
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ABSTRACT

Intelligent radar sensors are applied in many industries, such as the automobile, aerospace, and defense
industries (for security and surveillance), and for traffic monitoring and management as well as environmental
and weather monitoring. Furthermore, they are used in smart cities, homes, and buildings, wherein intelligent
motion sensing is required in daily life. It is mentioned that it is being used. In addition, ETRI introduces a
phased array-based intelligent radar for drone detection and a human name detection radar technology based

on which humans can be detected in case of a disaster.

KEYWORDS X|'5% 21|0|C|, AESA, E2EX| 2fj0|c, E2i=] 2ijo|C|, Qx| 2o|m, xigx

. ME Ani—E2 A|28]7} 2| 2e] Zatolrte] A-gu|ay
of o] =7]|71A] theRt A5 E #loly 7] o]
AT AR d o] A% FolE (Radar) 27,

Aol Al 1067 @ E R E| H o} Hgpm Al oo Wukso] Weh7| & HgAl R = A
FHoz 325 niHA JeARERAL  of $5ofEkS 7]97] 913 At TAIE (Radio
H(ADAS: Advanced Driver Assistance Systems)-= H]  Research Center)Z 2019 5% 47]] thah-e x| A4 5}o]
P ARg o] tiet A sk A ol 428 ChBlE T Qi HukggA AT BgHoR
AL, G| AR Alsd Ele]  AAISE] fIRt AufsliA] A Eof(SW) A, A}
A 7)ol AtEAY, Fak el 7t &3 AlA - AW WieAlol A - At - A=

e WAL Qe R EEARS AT HEe] EE T A MBIAE T s e AlsE

jis

-

* DOI: heeps://doi, org/10.22648/ETRI. 2021.],360202

* AT TR SAREAR 8 AR A S AT ] AREA AT ALele]
AP YA RISC-V 7|3k 247 QlelelAE olx] A5 Rhes] 714 e 8l ETRI 8
/Kl7]% 7HH1—]
p=! =],

Qgho 2 319-2[2018—0-00197 ETRI
) E Al 2] doly 9

2 y52e 2ate| HigH
FHEA Aol G HAZ A 2ol wel ol 88 4+ glgruic ©2021 B2HRS TR




T2El 2| / XIsE ol 7| ST 13

o] El(RADAR) 7|67tk 4|2 Akt Al S
ARG, Tt e LS FA15}
QIEHI], ZPAh Hshg-§A1 0] 403t A
AZ 913 Aok @ A28 B A (e 54,
QA Ak} g3, A - 9 kAL A 2E A

—

N
3

2oy e
o
12}

o
i
i

e o
4> rlr f”
£
32
n]
>
o
>
o
£
%
o

41 o
m {

A2/ Ak s
ARIEA B2 ol 82 ¢ =S B, 71E
o]t A7 A B Qkoka 3319 ol
FhfEjo]cl S WA o R TEste] ke A
E, & de 5 o0 ol A8 7 Al
dlofe] A28 e

H JoA= gk

o) 714 B3 Aot o

1. XEFHS 2let RiEH 2lo|H 71

A A 27|40 A FAER)
%413 3] (SAE International)of| A 33 J30169]] what
) 6L e 9, A A8}l 9)
L 7)%2 Level 2~3 Akt & 4= 9t} thex
2ol AL AR |4 GEAS Sokstel U
EFAEH2I.

+ Level 0(No Driving Automation): %27} 2]

g 2k Al

o Level 1(Driver Assistance): X}of A 25k W

Tt Aol 1z )5
* Level 2(Partial Driving Automation): 57453 ¢]|
X 244 o] A} 71 By
+ Level 3(Conditional Automation): 474 &-739]|
K A1 7 7R LR A 234 Y
+ Level 4(High Automation): 2174 S04 218
T 7Fs, AL =28
+ Level 5(Conditional Automation): X.= S53] AF

oM =AY =Ee

AR AP A7) Q1% AsAL
A2t} 713 s 1] 5ol st
3P e|ar Lo, ApaF=t A -g2; Hd ol A A=k
ALK 5 47HA] 28 ALK QL ZRA1REAL 7H 2, 2o]
A A2j574 AIA (LDAR), 253t AllA, e} 7 2]
=7 AlA (Radar) 7} 71 S-2.7F k-2 gk, 2}
AREA AA = 2peF 0] HagR) ohE 2,
7H=dd 5o St Wieks SRRk opy et
Aol A= =4 9 ollEs EAIsH ] flste] Y
gjujElal Hup FukeES ARRIH3], loftl= At
Fol A & - oo A Ak ool 9
A HHEE ZARA Alg-sh, ATt A s 2}
off Qloj A A Alofstar A7 QEASHA =
F = UeF Fe ‘?‘%@—% FaYeteh, AFE
o]} oFtolut o 413}, 200m 04| A
o) A1) 2810 05, Lol 5 Hfolie 212 32
A oVe] Be AL Bast Aoz dpgsray),
Sholet AL Aol 1~27) A E el v
QAP 7 Aol Hlolel 3, -t At
57} 8 724 o oA 93 el o
ol chAE dlo]e] WA} ZgS e Aoz
A& 4= e}, AR A FlolH= that 2
& -5-8&oll A-8-FtH4l.

o A28 £31A0](ACC: Advanced Cruise Con—

k

[ei

1o O



14 MAIEASEEMN H36H H25 20214 4

trol) A]2~El
« ANSE /AL S EYA R E(FCW:
Forward Collision Warning/FCA: Forward Colli—
sion—Avoidance Assist) A]2~El]
« ARZFA|H)] €] (BSD: Blind Spot Detection) A
=
o APAHZ HZ(LCA: Lange Change Assistant)
e
ApEApA A 2w B I (mm Wave) 28
glolel7L Fabslr] AL, W2 B8 A5l
Hof ol 7} 7= of 24k} ADAS Al2Hlof]
gloleE HAM. vl= 1 5 - Aol
A= FoltE o83t LA Hx - 55 &
A A 7E HAISFE AL Aot
2 oy Al A2 A Hlol#, E H|
o7, Al=H] Hlo]A so= FEE, ot 3
< QHEYel FA4171E S A 71, ElolT
a2 Foly M= SoiA AL AeE A=,
&£, e 5 Y 22715, dloly Al
< A BES FoiA S RS R e R A
of 22 Z AT, AA= A ol AlA]
© AlZ WA A 75 REEES) A=) =2
AV 716 A mIdlHER S EHH, RFEEE
ofl== MMIC(Monolithic Microwave Integrated Circuit)
of QHEUZF AR e, HQ1E == PMIC(Power
Management IC)2} tlo| A2 AEZZ(MCU) 7} &
A}, REEE 2] MMICE ?13j Y ¢l, NXPREE=
A, STute|a2dHMERY A7} thAto|H, ¢
Gl el ek} WAt Q] B e Aol
o}, #R1E =9 PMICE Q1Y B4, NXP7}
AlEstH, MCUx= )19 Y A3 NXP7} =2 Al
Skl Q= Aol

g dold e Ve 52 FHeh A%k

p

AHE, 715 Tl Aol thefet ADAS 7152
T 4 e T A= Bl o] 71l Qltk, RF
HeolmQlEE= oA glole HEo] ey

7ol whe} 5 714 ehele ik Aloleka A
g} 4% dlolt] BE-E thel ekeutel of
0] MMICo|| PMICE Z%s}, DSP} |2y
(Deep Learning) 7|52 2t ECU(Electronic Control
Unio7 25S A5-S Aok, g B0
gloly HE2 A= E2] MMIC ®+= MCUe|
¢HeUHe} PMICE A3t i 2 7idd o=

ofl23t % ek,

2. 20| 7|tk XjS& M MY

=
=
on), 512 244 Pt A5 fAIG o]
= A3

glole] AAE Z-gato] 21 Alof, A5 & 71
o], Bt AH T2 A Al offZE|Alo] 2] A
37} o]Fol AL Qi Q1 19] 60GHz g
o)) A4} XENSIVIMBGTGOLTRIIAIPE 60GHz
ISM(Industrial Scientic and Medical) tj & of| 4| A5}
L oZo) m A AARA A 2o 7H5Eka,
Z|df 5m AfolA] AFEE RIS 4= 9loH 5SmW
u|ke] & AnRet5], |, A0A, BEE,



T2El 2| / XIsE ol 7| ST 15

Sample L :[ﬁ N |
. Ch HPF LPF

Analog base band
d Sedll ain controller
| |
A

MPA Poly o
R phase : ': —
= jﬂ: sphner

Downconvel rter

Freq. Freq. Sampl
Wl dvider ?—T— Seiier ahold HPF jﬁ WF —|
| quar _ Phase Analog base band
| lﬁ::d
detector detector
Frequency generator
1 1
211 Qlm|L|o 60GHz |0|C{MIM MMIC E25[6]

R

1wk 4| slo] ZHE o] A e el

TV 7+& A Ao AAE E5H51H %x]om] d s
A &
719 E glo] Ao 2 A|AES 3

a .2 2hyake
% gl A5 Fole] A28 B4 7)5-S 4
sk,

JJJ U ¢iAke] BGTGOLTR11AIP T
A3 =2MMIO)®] 7|5 &5=5 U
ERITH6). A Ao A58 mAMA AlA
HS flete] QHEUE 7] of] WHAIP: Antenna
In Package) 5= F=Aflo]H, o] MMIC 37 2]+= 1Tx
/1Rx QLS YA8lar, 4= 9 2=%] upbd e )
2 (Half—power Beamwidth) 0] 80" A = S+
Haogh ) 23} SA Y 'HA]7 )& 23151=3.3
x6.7x0.56mm2] 48 7] 2| 2 LA =1},

lru

3. Xs¥ Eglizl glo|H 7|=

A]

o[r

5 %/\] 28] ITS(Intelligent Transport Sys—
tems)= WE TAS §E&A 07 A} oFAA]
= SAAZI7] 13 AAIY] gA| "ok, =7}
ITS 7|2 A8 egrt o] & 7] - A AH - &
S0 Het 7|8 mEe] A, AAZF B
B AAR LFAL Q= R ERruE, HE
55

ol 8 A7} 417 o] 88t 4 Qs Wl ER

12! 2 24GHz Traffic Radar(ITS) A|#[8]

ofe] BAIS Adstnnt 714 WA ok,
SfjelA] #lole] AEES] HlEAIAe] 20199
ITS H7bolA S dlolef Al 2 A4S
wot AR EY T Yoln] 7148 P47
7).
HlERIA 0] Edg o
AR AR A, 24GH: Hlo]e] e} BHD 7}
e R L R

7|& Al E T o AU s

R
32

Jole] Alghe g A

1
>
kel
ox
Ol

<y

o i 2 28 A ofel H19] 21
o uj= o} ghs] Hels) 214

ge sEw 40
a%ﬂz;f@aﬂ.,ﬁawﬂﬂbT7o

o] AHE $7 F THOR Mulo] Aestol
259 Ee B84 o1 A B 0E
2 o235 eo]8] ARO.E 313 ol Hch]
Hoh AR A5P g dold /)42 Ao
2 58 AARE IE dlold W AR Anp



16 HAEASEEY R

E V8] B ARl 7]ofg 20w 7|,

4.5l52 L= PAV XIEH|H7 |&

Zglol7ts =8 U= 7218 o] 5=t (PAV:
Personal Air Vehidle) © & Z}-8-528) 7|42 218 T4
g X FAE A 5 e v As A=
S Q. 7] o 2kRo] 7hEslal 22 7t
el FE2 =27} uhelH FF o R AkS T
9 =2 QoA dobd = = 7i01 %
TEWEHL 2025 EE2EA]
25‘]—&'7-0:1 CAE W E(K-UAM) e s}
a1, K-UAMZ EA] HY 30~50km?] o] A2l&
$ 2 5k, SEAE AT Al AR E
u%é o= ekar gek1o], Aol 7

o>~
fﬁz
Ja
E
b

=
2
Jm

N}
i
2
)
-lN

rJ
rlo

4
¥ T
rr

N,

>

filo
N
pacs
rr

ooh
ok
El

i
o
o
o
o,
[H
i)
zh,
oj
%
ruhi
ru°1'
:>é
N
N

5o

t=)

]
o O

[R=R
AP 1, ol 1, deIF 71 5 A1
748 7]Ho)a1, FH BEA7) ARl A AR}l
A] H“‘JOIX] L}Eol%] ol A5t BAFH= 7]<40]
Woro RTE), Eei Belelr i FRHL
FIAEH| Yo 2|F H3ro)7] wiEo|t, ik

o A4 714, ABASAD 714, YEYE 7]40]
aghe BRolt, Al Holx] An ) 2
P7he B ERl ohd B 291 81 W)
wfol A5 Aok o]eeiA] ghoThl s e
At 2Rkl o S AL EAISH]

[¢]

Folg 4 QloiA] A-auly Setalrbh ShaiAg
Faahch o wWe) ALg ek A Yl 4
Slet. el oA AL 54 0|25, £87k,
HjE]2]o] et =S ol ) 9he Alolth,

o] EEEAE 1 dolt] A E A
(o]

TeolA] Q1% BT 4 G

o 714 274

II. ETRI EE&X]

e
ir2

ﬁlﬁ
ol
-

ox
oX
ﬂ
L B
lo 32

g
of
2L
L

x]st 2~ 0l31 A7l 8]

=2 T A,

1 ETRIEZEX| X5

:

2
N
i)
rg 4o (1
o
i)
E
off

R
&
ol

AESA(Actlve Electronlcally Scanned

.%

0|=0

gﬂo]q /\]/\Eﬂ OE/\‘] E“Z] H}

J>

Fm
>
)
_O‘L
rr

b~
E[_t‘
I
ru
o
o
N
L
o

b
=
1p
HT
3
N S
o
=
> o rr Mo

Al

ol Eiﬁr e
[e]

jan

éM O‘Hﬂ

mE i Jﬂi i
> i
[> 4 |n

F 253 aﬂo]

iin)

|

& 0| A2 F4[N]

= L
Target RCS ABEE (RCS=0.01m?)
Ft Y X—band
EfX|Az2 1.5km
EIX|Zie =He Azimuth 90°/Elevation 45°
Hel2shs m
Z=2ills (5° o[at
Z|CHEIX| £ {100km/h
Sl B FMCW
RIRE) Al SSLHHH(AESA)
SHTE E2 A




=26 2 / XISE 2ol 7| S 17

s 135 22,77

BeamsScan:38.5msx7x4= 1.08%

9

SP

] -
23
N9

R
)
28

Phase

(e A ey

JE 3 EEEX| lo|o] AlAH SEX(11]

"o 2 TAE ¥ 10] ETRI Z29%] 253 &
ol Al2El 772 LperlieH11),

1. SEER| 2fo]c] AA 74

ETRI AESA 7|5k =287 %153 glo]g A~

] 74J2 8x8 ofF o] qtE|LEe} FMCW 4155
A/d8h= FMCW A5, FMCW 414132 ¢F

BIUR SE 9 9IAPHSIE Sl RF 4417, 8+8

AEE Al HEYE F8l =

rfo
ot
N
s
ol

o oqr 2

r
d
>
@)
9
i
off
)
T
N
2
fo
_>&

4z
(T D «

Aot 123l dlolE A, EEFA, Aot =
B Jea GUIR
Tgdo] =l g3 Q) E5=E 19 390 YE

e

o
il

‘

2. CMOS RF £3:07| &

RE 452415 TSMC 65nm GP 242 A}-8-5}
of 47| o2 HdA 8IS,

2A17]= FMCW 23 &3} TX 2x2 CoreR] O &2
AT, FMCW A4 3-2 X—bandol| 4] FMCW
AT E A7) Qste] opd 21 PLL WAl o2

ATTITIITE

(TTITITITTS LLIILII 1ah- |

2! 4 (a) FMCW M43, (b) TX 2x2 Core &,
(c) RX 2x2 Core £!, (d) 4CH $=A1E1[12]

A5} 2.1, chirp BW 150MHz2} chirp time 250us
S =S} TX 2x2 CoreZ]-2 6bit2] Phase—shifter
2} 3—stage TX gaingr Zr= Drive Amp= 43}
T}, 424171 RX 2x2 Core 3} 4CH—FAIR O 2
T3ttt RX 2x2 CoreF2 LNAS} phase—shifter 1
)3 combiner TAEITh 4CH 241518 AmpS}
Mixer Z12] 11 BPF(Band Path Filter)2} VGA(Voltage
Gain Amp) 2 TAJEITH

717 40f| EMCW 23443, TX 2x2 Core 3, RX 2x
2 Core 3 2] 4CH-4A130:3 2100} 2.5 4]
o] &) ARLS LehEI12],




18 MAIEASEEMN H36H H25 20214 4

AH|C|E MsKH e ZHE

H

4y FPGA

sl j( motsw [ #mew | wens

SBC
(GUI)

H|O|H
A1 1| yxppery |
= 2KFFFT

(DAQ)

EE2E HRgk= vl SlolA] 27 7HE dRke
¢l WeflEolH, B2t 25+ A= AR RCS
(Radar Cross Section)S 7}A] a1 Qo] ©h=6] HEARAL

5 A8 ol §3 Bae Bystsi, SE &

ol
o,
=)
=
Mo
O
lo
U
ro,
:?é
i3
0>~
ol
ol
rir
=
=
K1
il
[
©

7Fe] w2 N E=E e 3T S STFT(Short—Time
Fourier Transform)2- £-3f] 2D GARS- S E5= n|A| =

E2] 228 & 13 (Spectrogram) 0. & EAJWE & S5

() (d)

T2 6 EE1t Aje] MDYAoZ 1
(a) EE2 MD H4, (b) =7 MD B4,
(c) AIZES Z2[0fHHEHER), (d) ARES Z2|ollHEHZ=F)[13]

o s
SNR(cb)

S9HE Mg

Pe(%)

0 15 20

Il ETRI TS AFEX| 2jlo|]H

31 Qe Holx) ok

- e}

- =

Asto] S L2 4 Gl AYRAIER F
ct

0 dlolel A2go] Mol &Holet B

2 IR-UWB Ale| QIER| 20|} F24[14]

4 e
o~ i (K 9l ISR
Tx power 2;:4 3dBm impulse peak 7|&(TA L 2ABIE
)
Rx sensitivit ~70dBm Olat
y (& loss one—way 15dB Simulation)
Ant I
. ~ SLHS! A|AE
gain (TxRY) 5~10dBi(ELCHE A|AE T7])
center freq. LGHZ(T7 |2} Ms, sHAl: L Mobd 13)
BW Y 500MHz O |At

resolution

5cm OJLY




=26 2 / XISE 2ol 7| S 19

Integrator

1
. 1
-1 |
—~ ontro o

: < I
TX clock Fc|!

ol =
9 - ||
f,: 81
% 17— || TripleDLL Embedded £8 1
S&l Controller o= |,

v o g
X | |
| RX clock |4 !
1
: |
{ 4-CH | I

Mux [

AMP ||
RX Ant. 1
1
1
I

| Pulsewidth
Received pulse qf [U\ /\UL

T Ts TSamleng clock edge T

time

Sampled pulse

time

29 glole] i7[ef MER Efo|UE[14]

shict, 7R ETRI Foi s ¥ 3t glofd,
TTWR(Through—The—Wall Radar)-> 53] 7],
o 450 s ol Ak Afel e
RO T2 BEHL TN 5

JE N

TTWR SoC(System—On—Chip) 724 2! o}7|€lx &
AQFakict, 3 200 ETRIIR-UWB #41] TTWR
AEEA| oy 142 LebeH 14].

7 82 A|¢ksh= IR-UWB 7]5He] TTWR |
oltf A £5=E Y™, H& Fatoto] W

>

& HAB: e ofyzh, e = Qe
@ & HEE A AT E ol e 5k
o SAFIX), AR RX), FlofE] A|o-(Con—
troller) W 7| At S 9 S AIAIH(BBA, CLK
gen) = Wm = Sl Floly '] 7152 SAl
7t 29l 57 l go] Ao = . 1
9= doly Al Fk w292 Hslof uf

F

=3 A= TTWRHIZ2 1 7]5[16-20]
Features Xaver 100 STM DAR RO 400 '€1Wis = PRISM
43 200
. uwB/ UWB /
Modulation UWB | e | N/A | cpoe | UWB
Band(GH) | 3~10 | 1~5 | 02~06  19~36 | 16~22
Range (e | 4, 8, 20 12 21 20 N/A
Resoluon | g 75 15 N/A 30
(cm)
Weight kg) | 0.66 75 55 7.2 5.7
2D, 2D, 2D, | 2D83D,
Comments 11D, Handy Portable | Portable = Portable = Portable

300 48 TTWRH 71 7152 Lhastgict
[16-20], 215 Fot Ao 2, BE = 2
Asw) & BEo] that £ALE 7120w Alesjol

I 4 Radar transceiver ICs2} E} TTWR %! H|2[15]

Feawres| ' [21] | [22] | (28]  [2]
Prototype| Commercial
(V\PeLiJgTht) systern | product | 152 t(—) b t(—) TeSt(Ef e
(0.9kg) (7.5kg)
. Radar Discrete Radar | Radar
Transceiver SoC module SoC SoC Radar SoC
. TX/RX/ TX/RX/
Int(ergcragl)on Logic |Discrete ICs (T1X3/§1 ); ADC 2?%?;
- (130n) (55n)
Through—| Through— . . |Movements
Target wall wall Walking |Breathing 25mm)
Operation | UWB uwB uwB UWB | Impulse
Frequency ™ N 7.29 £ .
band (GH2) 3~5 | 04 *+30% 08~5 14 0.5~1
Rﬁ’gﬁf 15,15 12,75 | 15075 9 - | - 025
(F:;erffg 15 NA 659 | 4.2b 25
Power
dissipation 115 NA 659 118 30
(mW)
C?:g;?fa 3.1 NA 19 86 1

&X| P. Park et al., “An impulse radio (IR) radar SoC for through-the-
wall human-detection applications,” ETRI J. vol. 42, no. 4, pp. 480-
490. 7|9k xi=H



20

A

3tk v 0@ 7] shae] Aupt Exel A%
Aol ke Aol Al %ol ot} tﬂ
2 43} o Eof ujet 2

.

targetlocation gy

@ 7.86m
(524 point)

voltage [V]

frame#=100

0 100 200 300 400 500 600
range point [1.5cm/point]

(a)

distance J17 trace_absMaxldx

6004 Sm

5001 7.5m

4004 6.0m

3004

4.5m

200

100

range point[1.5cm/point]

16 3.1 47 62 78 93 10.1l[sedd

0 20 40 60 80 100 120 140
frame number [78ms/frame]

(b)

T2 10 21 = ALZhof| chigt A&ZEat
(a) A—Scan raw data, (b) target location at the frame[15]

12111 IR-UWB 7|8 TTWR & AFEI[15]

AEMSETFEM M36H M2S 20214 4

3 4+ A|2Fst Radar Transceiver IC2} EF TTWR
Al A oke] vl s Yepfar 9lew, 213 100
A= Aol gigh AE A2 (a) A—scan raw data
oF (b) ZeQJo] wH2 B 91312 ek gk
[15,21-24], 10m R fIollA] AHuet sfidez HE
He gld 4= o, 19 11of ARt TSMC
0.13um 242] IR-UWB 7]918] TTWR Sl
o]t & ALS hebict

Iv.d&

TERLE Auvzw 27

2541 £t A4 8- =
e

4] FrstaL gl

AESA 7]9k0] 2|5 o]

e °P7H9¥

RADAR (RAdio Detection And Ranging) HAP7|otE Ex|
Of| ZAFSt0] BIALE|= MSE 2AM610] SME AHst7Lt 9
x| A& S EFX|t= &H]

LIDAR (Light Detection and Ranging) 2|0|X 212 282
Ol HIZCZM ALSTIIR|Q| 72, ik 4%, 2% 28 2z gl
SE EN TS 3D YA HEE SRS S QTS

=
V2X (Vehicle to Everything) SEMAS E5f X}
T2 Selzal EHP' 717 St X*E% ugst= 7|

AHEl 0|5 241 AS
£ 0/8510] 2t ¥YS 1M Olif% MO HEHE Al
st=20lH




T2el 2| / Xls

otof 32|
ADAS Advanced Driver Assistance Systems
CNN Convolutional Neural Network
IR-UWB  Impulse Radio Ultra—Wide—Band
ITS Intelligent Transport Systems

PAV Personal Air Vehicle

SAE Society of Automotive Engineers
UAM Urban Air Mobility

ANEH

chetal= gaise|d, MfeiA] I X|Selo|Ch sia7 sl
=7%172019.5.16.

SAE International J3016 2016. 10, https:/pdfs.semanticscholar.
org/5962/a3287865a8453ddc7832340df322ea0f0bd0.pdf
S. Carpenter, “At2 =& XtSAt 2i|0|0: Alg2fo|dg S5t
0|5 M5 &4 Ansys Advantage Magazine, M|123 |15,
2018. https://www.ansys.com/ko-kr/about-ansys/advantage-
magazine/volume-xii-issue-1-2018/autonomous-vehicle-
radar

Techworld, “A12& 2i|0|E{2] 7|= Olshet 7|& MY, 2018. 8.
10, https://www.epnc.co.kr/

e4ds news, “A2& 206 WMZ X5 2N WA 55+
27 2020. 11. 18, https://www.e4ds.com/sub_view.as-
p?ch=2&t=08&idx=12312

infineon, https://www.infineon.com/dgdl/Infineon-
BGT60LTR11AIP_ProductBrief-ProductBrief-vO1_00-EN.pdf?fi
leld=5546d4627564a75001756a38b2e74bc9

Traffic Radar, “ADIEAE| 1=2 QI3 A|Ho| &2M

K58 mERZ|A|AE! " Bitsensing, 2019. 12.

'

bitsensing, https://www.youtube.com/watch?v=4HzikLbH-qgM
Y7tAZX [0|RL0[AE] XEEFERE HE AtO| BIX| LHTH”
2019.10. 20, http://m.isplus.joins.com/news/article/article.aspx
?ctg=1100&Total_ID=23609139#_enliple

BARXN &S, "=A2| stES Ol= e=d Eeld S uESK-UAM)

glolg 71g S&

[13]

[14]

[22]

[23]

21

ZEM” 2020. 5, https://www.molit.go.kr/USR/NEWS/m_71/
dtljsp?id=95083976

TEEH Q| “AHEZEIX|Z AESA 7|8 XS 2|0 AJAE 713
CHeHHXtEsts| StA| k=S| =27, 2019. 6, pp. 1466-1467.
TEE) 9, "E23t S FEsHs AESA 7|8t X|5&(0lH
AARlS| SHIMEE JHdr” CHsHHXtESts| F7statls| =27,

2019. 11, pp. 933-934.

T} 9|, “SEE| O] A1 L, HRHEIA 2020,
12,

TEEY 9, “HI7H, SUTHS/HS SDH5t0] QYRR U
A} ol S 95t IHO! FOH/HES QIR MM U

AIAE IR 204Xt H 1M, 2020. 11,
P. Park et al, “An impulse radio (IR) radar SoC for through-

the-wall human-detection applications” ETRI J. vol. 42, no. 4,
pp. 480-490.

Camero-tech, XAVER 100, https://www.camero-tech.com/
xaver-products/xaver-100/

STM, DAR, https://www.stm.com.tr/en/our-solutions/
command-and-control/dar-en

GEQTECH RO-400 2D, http://geotechru.com/gpr-detector-
ro-400-2d/

RetWis, https://www.detective-store.com/see-through-wall-
radar-retwis-43-450.html

H. Burchett, “Advances in through wall radar for search,
rescue and security applications,” in Proc. IET Conf. Crime
Secur. London, UK, June 2006, pp. 511-525.

N. Scmceykin, A. Dudnik, and V. Monahov, “Low frequency
throughwall radar-detector,” in Proc. Int. Conf. Ground
Penetrating Radar, Brussels, Belgium, June 2014, pp. 819-822.

T. S. Chu et al, “A short-range UWB impulse-radio CMOS
sensor for human feature detection,” in Proc. IEEE Int. Solid-
State Circuits Conf. San Francisco, CA, USA, Feb. 2011, pp.
294-296.

N. Andersen et al,, “A 118-mW pulse-based radar SoC in 55-
nm CMOS for non-contact human vital signs detection,” IEEE
J. Solid-State Circuits, vol. 52, no. 12, 2017, pp. 3421-3433.

P. Park and S. Kim, “A continuous sweep-clock-based time-
expansion impulse-radio radar,” IEEE Trans Circuits Syst. I:
Regul. Pap. vol. 65, no. 9, 2018, pp. 3049-3059.





