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OAY A% 27 (DS EAe] Lol
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22) 2 w2 BelLow-pass filter, LPF) E& AF5t 53} Dol EFT Aat
Fuppo] ABE FAAA A Fue olste] Futg Auut BiAZE @

o

23) stolmj~ DE (High-pass filter, HPF) T 15 E3 = EXTE g Fuk4 o]3)
Fut5o] ASE HAAA A Fapg olste] Futg: AUt FIA|7l= HEHE ou|T

ot
24) Fejg oA Bzle] EAE #AsH] s #4 A2 yOE $4AE A= A4 &9
s(t=D)ll &3t A "WHE FoiA AEstes & 729 HE7]. De Ad Al
25) Az HEL HE ASE FAlst Rxste WA AMEHE FHAU. ©
4 A, 94 A=, dolH FA ZoF oA Az Ao Z-8H
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£ o0 Foa gidolA ZAEAA (M Eole For 2 Ve T
& & o]FSHFrequency Division Duplexing, FDD)26) ®r2]o=g = &Alvt
FAlo] A= ohE Fupp oA 2bEsto] FAe Aol EA st THAd
= YAdYH. FDDE ¢ Fo Hide JFA(FEEe=, g Fup
dYge e FA(FADELRE AL ZN T 497 FA AEEHL 4l
HHAE 7 glo] AFd 4 A AU ol FA SA AAHEeA H
= Eole et or, $4 9 FA ASE OE Fu tjHolA AE
AlA & 88 er FaAHYH(Yan Xin, 2010). Fup &2 7]&°
= Fo 28 tF A2 (Frequency Division Multiple Access, FDMA)2D %

ZdEHUY. FDMAE A& bE Fube AdS Abgste] of2] ARgAPT &
Aol gl E A& = JA dUth ol 2 ARgAPE €9 Fabe oY
Holl Mgt FAlsters S Eole 9l e adddYtt(inuk Park ﬂ
2022). FDMA+= 53| tho] ARAE FA0l SAlsioF stk &7olA

s, Fube 2] B84 A EEUS. Tk 289 A4S 1A Z:}
e L = ke %@O M Hole AE £ko] Fge EHU
Science Direct?8)o]] ©=H, FDD+= %}i]ﬂ Az g2 Fu gdge AHest
of FAM FAle %*]Oﬂ —/F;gﬁg A skl S FASKSte | vilg
A Y th(Adrian Kliks ], 207). O]h HETS 847 A5 =0l
ol Zloftytt. IEEE2 9] AFollA= T w82 Tl FAO F4
Sh= A" oflA

rr bOl'

Aot —/,\—% s L}_(Passive Intermodulation, PIM)30)

=17
=
TS AdskL sy ol FDDE Fdf 74 gle] Al
A

ghare olAlshe
5 A4S 42 4 97 FUTHYan Xin 9], 2020). olet Fus
26) Ft4 2Y IFHEDDIE BN A8HE A F shiduh o e Fakr

Ye o] A3 A1 BAo] Aeshe WUt 2 Fol Astek B4 914

A %}%9‘:}.

27) Fuk 2% o HE(EFDMA)ES Adst TREZRA tF F& Z2EZ AMgEE
WAL 55] 914 FAlelA duto= S8t

28) Science Direct= “AAH|o](Elsevier)” 9] AxZQl ZEo2 Fr H/IE AX s} 7
%, 95 7%, &4, A HolAE AlEdtt

29) IEEE= Cﬂi EE of Electrical and Electronics Engineers®] °F2t2, A|AlNA 714 &
71& A7t ?A T sk 4.

—

30) 25 45 WECIME G T4 UEAILANA WS g9 Fa 99 F shigy
oh ot A AfelE] St @I At B4 AT RE) A2 W HAY BN £4E

o] BRAgEiC
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H

gto]AE Zte] dlofE 57|t *P%%qﬁ‘r *1‘51 Sl ES] AJH
o=z =ZQlst] dadt HolHE AFsHy ddolEdYH. JdE

, SERIEE AWl Fr]#oz HTTP 842 Hufo] M=z dofEr}
=2 gyt ol#g HTTP &3 7IHe AH-Seo|dE 39| HlolH
Z1ste]l &5, EYA ddEFS gol 22d & sy rH(Homa

SGAA N E B0l 4 FACFIRE, utes 5)9 HAHE ERlsh=
ol ARSHUTH AARS A oR 7 AR AHE gelsto] AR oF
= AUt ol JHYHE ZI8F HAY givE= ZRoR, AHe a&
A AL Qe T 71Me EFcte] ARSI gyt &9 7R S 34
< ©eotal oS FHestthe Aol IAEE, CPU AREE©] EoHd & Slo
o AAZE @FARES FE5ohHs H 9Bl e & AUS5YH(Homa Arab
2], 2018)




o] A2 ‘%i*ﬁ% A5 7Fsdddt. &% WAYSES 2A%

o] z¥ekste], F 27|17k wAEl] glo] Axde] HaL oS5 4
Z O

t} o=
BHIE &str] wlZel CPU ARgE©] wobd 4 jlon, % oHEES
ZA APstA] ZEotal oy EY F7I7HA] ZIvEof stz AARE 450l
dold 4 sy AE o], VEYA &9 7t o=, HTTP &% 7Y
= &%t AH-Z2Eol|dE 19 HlolE B3t sy 2Ee|Es &
71Hom AHo| 23S HUlo] MEL HolHE FAlstAY AHE Aol
Este WAIYUH. o] 712 HlolE F7Iste] f-8stAt YESA FHE
=724 4 AdH5USH(Homa Arab 9, 2018).

o] A2 AEER3D 7|4t AIA oy 3 AlAHle] &9 7|Me -85t
of Zreket AL &2l dHolg AHYE 24T 4 UsUh A& =
2 AlA HlolHE FHste AARA EY 7S ARBSHH, 718 o=
AA HolHE dolet Agsta et He AIE A 4 S
ol AAZE At @ F83% AAHIOA f8oHA Hd8E & syt
(Homa Arab €], 2018). &% 7|&2 AHEA A|ARA LS G870

= /\}35}1 241 HolEE Aok 8% ZledUyd. HEST &
AAA, L= A|2EBY) 5 cpofst BopolA gEw, S 15t
A-s] HEot= Aol Fa¥ULE 29 T84S =017 fsiA= AAH
o] EAJat gFAree] 9ty AdA sk, ° E

AHgSfioF gt &8 e @A dF 7 SHAA sk, o

32) mto]a R AEE7 (Microcontroller) Tx MCUMicrocontroller unit)E= Bfo] I 2 I 2 AJ A
oF &8 ES st oz whEo] Aoxl 75E& o= AFEHE Yt

33) gHit= A]~El(Embedded System, 3@ A|AED)-E 714G 7]er Aoz WAt AJ~H
of e, AiE S B A5S Faels ARG Axdol BA ol EAjsHe 17
E-Cl )=
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=2 AlAelx, [ 4]9] O # =wolA &a7shs & - 4 T ¢

eIy,

ME 259 =Z2 AIABMD-10GD)3%2 & - =41 ¢ty &
4% zgu == AAME, XBR816CE o|gsto] A9 gt
XBR816C+=  10.525GHz¢] X-Band Radar Transceiver IC Y
XBR816CE= 4(mm)*4(mm)94 o9 ZLe 9712 249 ZSu =28 Al
= JNdstr]of o FYTHXBR816C Data sheet, 2023).

PHLS5EMN5= XBRE16(

S
o

[C1¥ 6] XBR816C HE

34) @B Qloto]A|E]Q] 10.525GHz Xou} ©=a] AlA.
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[ 7] Cadence®] OrCAD Capture V16.5392 AASH 3|2 =Yt
dFHte DC 3.3velx, 17§29 MCU, 3.3VE 1.2V #¢ siFEs 17
LDO, & - 4 BE HA Ao A59] Aeg PNP Transistor 1702t 20

Aol FEvtow YAl =E9 AN I=E
Loz EEe A4 g AT 51 A e
ol frefste] Y =& AMAE FAsASU

B~ mx 2 1o rle
=
1o
H,
>
|
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Ir o
olr
N

F— "rmTii—
| —

(O™ 7] e 249 =83 A9 32

[19 8]2 Altium Desinger Summer 0936) PCB A 271388 o]-go}
Py
[e)

of %54 SYNALIE B3 249 == MM PCB AAE A&

35) Cadence Design Systems 3JAFS] HA3F-S 2L AA 253 AZEHO]

) e A R D A TR ATEH AT LA BEE amEAN £
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(19 8] 7Nde 249 &2 AlA9 PCB 44

(19 9]= 5ot Y 3= FEo] €& ZU(Shield Can)S 2ot g
o7 uFu 3F BEo At 74 nFa 32N WEHE
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32 Ak - DC 3.0V~3.4V

s 27]: 16(mm)*15(mm)*3(mm)
A2 A= oF 10m (FAAZ)

#A 2+ 1107 +10° (=60° , +60)

ol $4 o9l : 2dBm

FAGAAA HE
=
[e)

A~ s
2HE & -4l

LED Lamp

l

LED-
LED POWER SUPPLY E

confral [T |
N

GND [

!
Q.
=
o
m.
Y
i

(27 10] 7HEe =50 =& AlA Q] 28 oA
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(3 1] 78 220 =52 AA9 ARF
Az | a4 24 | Bz | =2 | A9 | w9
A He
VCC 2 A 3 3.3 3.4 \Y%
I 4 AF DC3.3V 8 26 35 mA
=2
fOSC FOp DC3.3V 10.525 GHz
P FA A DC3.3V 2 dBm
Vout =9 AY 2.9 3 3.1 Vv
Tout =9 AR 10 mA
Tw Hgst Azt 10 15 25 Sec
2 9 5
TA & 2 =20 70 T
TB Ry 2o -40 85 T
HA 4 & 10 95 %
HB By & 0 95 %
ki
Dd w2 A 0.1 6 10 Meter
Ts T%réi;}?ff 5 Sec
ESD A}oF
Contact 2 kV
Air 2 kV

& A2 DC 3vaE 24 3VellM o 3.4V7HA] 7hssi, §4 AR
£ H4& 8mA=R o2 TE AAe Hl& 50%~80%2] HF A7t 54
th. 10.525GHz X-fHEofA F2tst, 229 2] Al 3V7E S5, 4
29V, Hdf 3.1V7F 295, 28 AR+ 10mAYYTh o] I7t=E 10

ZoA 2529 HAet At A A AAE AR

34 249 281 £59 A4 4%
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341 37] &4

sS4l FHeHUe] 2E REd 7|E9] HY 299 E%:Eﬂ REs
AR, Fub, A7) B ARAPE A 42 AFE v

si, (2" 1119 ©, @, ®, @, @ Zo] 5719 AgE
of Wehd viet Zo] A5k, 7 A= o] Al 7] #2iet a9
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(£ 2] =2 AAe 37] v

TE2 9 AA Fotp EM

11-O | 7B AA | 10.525GHz | 15%16*2.5
11-@ | 2= PA 24GHz 32%8%2.5
11-® | o9k AA} 5GHz 50*35%20
11-® | 3= HAF 5GHz 18%12*8
11-® | = DA 5GHz 25*17*8

342 #A A2 54

Boreke © glo] @A Aet Aeyo] F

= A 10m Aol 2205 g5t AR

Q3 94U T2 AlA]
o] &S AAT 4 9o HA 2L 50mm/s7HA] A 2AT 4

28 Bopold & Sze] Ao A4

he'

AR
=
L

=2 1,.5m
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am

12] WEE zaut 259 MM Ax =24
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1) #o] 3Me] ARl 23

. ¢t M‘“ H}E’f % %ow
_‘|

A9 =4 dE
Fo= 109 SATUH

[29 13] =o°] 3M2] Ao AHA

[ 3] %ol 3M9] H4, 102] 574 Bdak (E91: M)

0° | 45° | 90° | 135° | 180° | 225° | 270° | 315°
Motion 4.2 4 4 4 4 38 | 4.2 3.6
Stand up | 4 4 4.2 4 42 | 42 | 38 | 35
Sit Still 4.6 4 3.8 4 5 44 | 44 | 38

(27 14lolMA" AAZE 360° RS ot A AfE MUY
45° oA 135° 7HA]= 2F % (Motion), ¥o]A(Stand up), ob A& (Sit
Stilho] 2] A=le 2R, 135° oA 45° 7kAE oot Qe uf A A=
7 & © Aojyyrh
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[ 14] o] 3M9| HAe] A=, 103 574 Batak AFE
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2) =o] 1.5M9] #dof Ax
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[ 4] o] 1.5Me] HH, 109] 54 Huak (90 M)

-60° | -40° | -20° 0° 20° 40° 60°

Motion 4.2 4 4 5 4 3.8 4.2
Stand up 4 4 4.2 4.8 4.2 4.2 3.8
Sit Still 4.6 4 3.8 4 5 4.4 4.4

9 1617HEe] oot Sl (Sit Stil)e] A= A 2= He WollA 4M
o] FHARl AAE Pk YUt Hojik= A9(Stand Up)k 5M AZE
A2 AT, 229 (Motion)2 HlolUA ZhzoAs 742 A7t oF IM &
olgUth A ZEe -60° oA 60° olH A b Ak 1200 YYth
A7 2= 120° ¢ Ha gA A7 3ME FU AAAES] 0T A7) A&
QAgol7 | Fyth AdE 230 EEY AAE Bl AA] Al 5SM A
Ho] 229 Ao AAFSU Bt AFET Hws|A o Hout

4

g2 AEE gAsheE 4= EoRsy

180

[ 16] ol 1.5Me] Hol 4%, 109] 54 Bk #E
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51 A A= v

2 | =89 A4 A5 |24 AAM

11-@ T AlA 10.525GHz 5

11-@ &= PA 24GHz 3

11-3® ot AA} SGHz 5

11-® &= HAL SGHz 5

11-6 | %% DA 5GHz 4

343 2B A7 24

Zgu w8 MAY A 2¥E T tfolze] vjele] £33 W)
A B FHAINE WS He ARG Avlsho,

o}

=

Al 2]

o] AFYch FMCW %3T
[oT ™ol 2ol A3kgt ¥
A&

A7k

(Goo—HanKo 2] 2024).
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AR ARe Hd 0.14WA40mW)JY . 8 251 =58 23 AlMo] H
A BrjHom A2 ’\‘ﬂ] ARz wE2E AHEShe Fdi8 AlEl 285
71 F5UH | 1719] @& F= PAF AlF2 £ =wolA Hlust =&
o =g 24 11_]1 oAl FY 24GHzolH, 0.93W(930mW)<e] AH|H

22 Yety Yk (I8 1719 @2 gt AARY] gt T Ee AlA
AEZL 271(50mmX35mmX20mm)et 2 AH[AE  1.34W(1,340mW) o2
Qlsto] Felg AECzo] 8o 1h ot ZA7E BAE A7 dEsUTh
(23 17]9] @ =3 HALY] 280t ©Z8 AR AHS 71Zo|Aw, 4
" A2 o] EfA|Zo] HF 2.64W(2,640W)0] & A 4AmE AXgo} AHY
& 5 OHLM agigol A FastA %2 Xo A8 £ syt [
g 1719 Z3 DAYl AlZog Latol £WE SoA AHFHst 47
Tufd 4 91% Zen EEE 2 AAYYH wle F
3W(3,000mW)e] arjdH oz AARgo= ofgla o=z HlYt

=5

[

6] u]el u]w

£ | ==9 a4 o | 29 @W)
11-O ZHEE AA 10.525GHz 140
11-@ Z= PA} 24GHz 930
11-® it AAL SGHz 1,340
11-® = HA SGHz 2,640
11-® = DAL SGHz 3,000

A 2Su ==e] AABMD-10GD)S] AulAE 140mWi bl
AN % 7P we auldo] 3 DAY A4 e 4.66%, HlE AA %
g Ao auldee] 3 PAel A4 oiu] 15%0] Aee amg
1,000mA wHEIZ] WA Fohe 7171o14 A 5u olabe] o] wgg Hol
FY
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ABSTRACT

Development of Miniaturization Technology for Ultrasonic
Doppler Sensors Through Integration of Transmission and

Reception Antennas.

Kim An-Soon
Major in Smart Factory Consulting

Dept. of Smart Convergence Consulting

Graduate School of Knowledge Service &

Consulting

Hansung University

This paper brought about technological innovation by utilizing
polling technology and integrating transmitting and receiving antennas,
dramatically reducing the size of the ultra—small ultrasonic Doppler sensor
to 15(mm)*16(mm), while lowering energy consumption to the lowest in
the industry.

Existing ultrasonic Doppler sensors wused separated antennas for
transmission and reception, so they were limited in size and power
consumption. Therefore, in this study, to overcome these limitations, the
transmitting and receiving antennas were designed and optimized as a
single integrated antenna.

In addition, the integrated antenna simplifies the manufacturing process
and maximizes space efficiency, and the low—power design that reduces
unnecessary power consumption by introducing a high—efficiency power

management system minimizes sensor power consumption, resulting in
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cost savings. The sensor developed through this consumes less than
140mW of power on average, and showed significantly improved power
efficiency compared to existing ultrasonic Doppler sensors. This low
power consumption provides a significant advantage in battery—powered
portable devices or systems that require long—term operation. The
efficiency of low power consumption extends battery life, reduces
maintenance costs, and greatly improves sensor usability.

Therefore, the main outcomes of this study are as follows. First, we
have implemented the smallest ultrasonic Doppler sensor in the industry
with a size of 15(mm)*16(mm). This makes it easy to integrate the
sensor even in confined environmental spaces. Second, in terms of power
efficiency, battery life has been significantly extended through low power
consumption with an average power of less than 140mW. Third,
although the size is smaller and power consumption has been
dramatically reduced, the detection distance is 5M, showing similar
performance to existing sensors.

The ultra—small ultrasonic Doppler sensor developed in this study can be
used in various industrial fields. In the automotive industry, obstacle
detection and collision avoidance functions of autonomous driving systems
can be improved, and in the medical device field, diagnostic equipment
can be miniaturized and integrated. It can also be applied and utilized in
a variety of products that require low power and high detection reliability
in systems such as security systems and industrial automation.

In conclusion, this paper integrates transmitting and receiving antennas
using polling technology and develops an ultra—small ultrasonic Doppler
sensor with a size of 15(mm)*16(mm), a technological innovation that
realizes energy consumption at the lowest level in the industry. This will
greatly improve the practicality of sensors in a variety of applications,
and the continued expansion of sensor technology and development will

help set new standards in the industry

[(Key words] Doppler, Sensor, Ultra Sonic, Miniaturization, Polling,

Integrated Antenna, Power Consumption
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