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MANANCHAYA THAWONSAWAT : BAT DETECTION USING FMCW RADAR
TECHNIQUE AT 24 GHz. THESIS ADVISOR : ASSOC. PROF. CHANCHAI
THONGSOPA, Ph.D., 87 PP.

Keywords: frequency modulation continuous wave/radar/24 ghz/dielectric

Agricultural products damaged by bat is one of major problems that farmers
encounter. Such a problem must be solved using technology. The objectives of this
study were: 1) to study and develop FMCW radar using high frequency to detect small
objects and lives, 2) analyze result of small objects and lives detection, and 3) develop
radar equipment using high frequency for precise and efficient detection. Method
used was 24 GHz FMCW radar. In designing radar, APl command was used to adjust
parameters in system. External module was improved by measuring far field of
OPS243-C radar module to determine detection range with narrow beam width of 20°
(-3 dB) in horizontal plane and 24° (-3 dB) in vertical plane. Then, radar capability was
enhanced using Arduino to connect and direct to servo motor so that detection range
of radar is greater to 360 degrees. Then, a bat model was made with the same dielectric
as real bats and used to test capability of OPS243-C radar module. Results showed
that the greatest detection range was 1.2 m, although the test range increased every
30 cm From experimental results, the reflection data of OPS243-C radar range 8.78-
9.49 m. The average of normal movement speed of bat model ranged from 27.14 to
30.77 m/s. The average of increased movement speed of bat model ranged from
31.25 to 53.73 m/s. When using simulated object covered by aluminum foil to test
increased detectability of radar, it was found that the greatest detectability range was

240 cm with foil coverage.
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= (C-PRD)(fs/Ngse) /(2 B) (2.2)
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4 1
) A = v A

PNVDUIANIUUUMsVDIF Y uTId LTV INIB NG UsAn3 egslsinuanudulule
manatiaveansulasySiesgndndamenan Wy nuszeznavesiiudesnuazidenves

LlIA5ALNANTUNINATUAB UMY aIANUD T AATUNETLRANN LA
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1 i)
Mfppr =2 = —2___ 2.6
ferr =7 d()-(fup—Fawn) (2.6)

Afrpr = m’mmesiwuaamm?iﬁ?mlﬁﬁaaﬁqm
d(f)/d() = anudurainisidesuuaud

fup = AMudUY

fawn = audans

diunduvessreziatvesiadiluifestludanudnasianuladesiign awisa

wanaluaun1sns vy |Af] wazdsnadsninuaIu1san uasld 8nY9u09LIANs FMCW

1Y

UANMTBAINUUUATS AILEIVBLA1DINAIEAMUAAILALEEATLLlUN1INTI9TUTNY

[l a (% s A fa d‘u ¥ o
WulRgIuEasle 4 Tulsas FMCW WannfloanniuunisNangssihal auasuadaainie

AmuanUazdunlaulunInTITuresing

2.2 wann1ssAs

VCO e
Sawtooth PA
Wave Form —| Voltage (_30ntrolled _— Amplifier Transmitting
Oscillator Antenna
S RX

FFT LNA 3
Scope Fast Fourier [¢— Mixer |¢—{ Low Noise er‘:e""“g
Transform Amplifier MREin

JUT 2.4 UHuan15vinauvedsang

13015 FMCW Usznausmesiisudedyaawaznieniuauind ulasinswawesidu

wan fsuddyaranduluganivwnnzsinin wazdinazdiaomawnadnldduaainiads

Waz$U 970 Block diagram wans FMCW Radar Block Diagram Chirp Signal FatniBeniuin



18

eyt snng FMCW Qﬂa%’wﬁu‘imamiuaaLamé’i’igﬁgmﬂ?{wiaLﬁaaﬁaaé’mmﬂm@ué’uﬂu
svee Astitedfiuaruaansalunsimundisesarudeatmaneiinsany fensds
sURdumuIBadulusaes osidndyyinnuausioussdulnsii (Voltage Controlled
Oscillator, VCO) aenedyaandsuitasns wavdsdyanasioaeniefififisnanuisay 39
AUTNATNTBUULIANS FMCW 19 dyeynandesazvioulasunazasislag Low Noise
Amplifier (LNA) wavnaufudyaasfuiieSudyaiaildsunnuidone dmiunisuas
asanan dyaamadnslugilamuaiud (Fast Fourier Transform) FFT ilefudayata
221 @unskeang
aunsismsiduaunsildlunisduaanuanunsalunssudadyaaes
svuuiend Tnganansaldaunsiiledsyfiuusdyanadildsuniedienn dunsisansliom
TumsufuRegauninatglunsoonuuuuarussidiulssavsnmuesszuusamimaaiisng

ausasulaaunsamualegltaunisselud

0 G222
Pr = Pr(o A)[(4n)3R4] (2.5)
P, = wasudygaiiansnsadulavisonue (Watts)
Py = wasnudygranldlunisds (Watts)
o° =  NISNSTANUSANSARMLRENUNSaRduUTEANSN1SNTEAY

= NUNMUPAYRIANS

A

G = 99UV LE181N1A (dBI)

R = SgusyNNITudeiguazaisu (Meter, m)
A

ANUETIRAWTRIF YN (Meter, m)
23 AMudil 24 GHz

szuusASvhauiiaud 24 GHz Wuauanudiiedlutas 1051017 Hz wieAdn
g1AAU 1 Tadiwns-10 wufiuwes Aidluweundndusanssiviuunn saudasanserueud
nsasndulugmamnisy uagnisiiseTesseedu viedmsuldlulnsauunaunilng
Tnsanzifiesnnadululasivanunsoasiioulans 16d lneialuszuuisns 24 GHz 165y
nseenuuuIndmiun s seduissraenans 929l seAnininve s tueg
Yaduens 9 eideds MsoonwuULEIINIA Lazdnvazvaaduuie fegsgu Tunis

THausaslusosus szoelneniluanannnmaenuaInNranunuIgnansas wazAuazldun
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o a !

ANNANITOUNITHENAIUBLANANTEUINNTMUNeNA18RW a8 TNANY ANUAZLDYAUDY

Y

'
=

15013 24 GHz Taevialusinin LﬁaLﬁauﬁ’mzuuwm%mmaqﬂmsLawwaaim“iuﬁaimﬁu
wlﬂﬁﬂmiﬂizmawaé’mmmsﬂ”’uqq LaztoRegmiwensens 24 GHz fe aruanunsaluns
g TARUREN WU wanadnuazii vilssngdniu nmsthlulifusunmug Selundn
Tuglssavsnmiinluanmeinediliidesiune Wy durdenuen Weaiflsuiussuuisnns
mm?iqwhaﬂ?{mﬁmiﬂuﬂifm?{uﬁqqﬂfj']ﬂ?{w,l,madwLLazﬂ?{umm%fau Felumamelulad
N133U39Nnszeelng agsenine 1 Taduns 89 1 1ns Fadugreedu lunisAnwideasas

Wulalinsdanduisansduunmunduaud daanslusun 2.5

¥ 1 Lol o 1 Ty BT RN L B N RN — (R e NPT T IR
10000 - C
] L
] i
2 ' !
=+ 7 L-band i
= 1000+ I _ !
[ 3 -
"g . ANTNULUALIAITULATAIND s
c 1 wuud ] -
« 1 semd (*) i
10 p 136 - 77 cm 220 - 390 MHz i
1 UHF 100- 30 cm 300 - 1000 MHz
L 30-15¢m 1000 - 2000 MHz
1005 5 15-7.5cm 2000 - 4000 MHz C
] C 7.5-375cm 4000 - 8000 MHz C
3 X 3.75-240cm 8000 - 12,500 MHz E
| ke 2.40-1.67cm 12,500 - 18,000 MHz | Megahertz MHz = Megacycles Mc g
. K 1.67-1.18cm 18,000 - 26,500 MHz | Gigahertz GHz = Gigacycles G B
1l kKa 118-0.75¢cm 26,500 - 40,000 MHz | Gigahentz Gc = Megacycles Mc x 1000 i
- Wavelength )\'n = it - el
Millimeter  <0.75¢m <40,000 MHz N S aaency Wz Wroquency.BHZ. |
0011 1 T lllllllll]l: T T llllllllill1lo T T T TTrrrrrrrrry T V17 rrrrrrrrrTr

-l
AYMNENIAAYU (cm)

JUT 2.5 MNLARIANINENIARY AIHD WAEAITNYILUUALIANS
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nau Ku-band lianuazidungausazdamnuiivespduwivantiiiiuanddusd 2.3

2 dAve o a

WWunddnduinazilvlduselowiunnune eaunianudinzgsediduadululasinasiani

U

[
Y 1

AHAMUATUYI 108-1012 Hz 390AUENMARUAILA 1 DaaLUnT- 10 WURLUAT LHAINSU

[ [y s

Insanwaumslnalasanglfdudygransand iWesanlulasnaansaazioulanzlan

2.4 GREDMIRIG]

[

angenadugunsainlidmsudaisesuaduuimantni \uesiuszneuddyres

JEUUARA13AT 9 5udeIng ngvird w3etngliane seuulsnis wavdue ninNvanves
aneonArenisulasdaadlnidundudivdnlniededivsyans nmndmsunsdanse

wUasad undndnldai lasuidudygraliddmsunissudygralagarseiniel

=) =)

nanuangvakarnatgauIn JULUUNITUN S I UD9d1891n Al ANTHH AT BSUAAY

1%
ly A= I

waiwmanluilufianieeng 9 3Us1ewesgUuuunIsuR§IdT e funsesnwuUTesdIBeINe

Y

La¥NTTINUIANEDINANLNTRIFULUUMIUHTIEL UM TUATIANIS Fawdenuazgniiuly

= @ '

AiFnaane nTeULUUNMSULHTIELUUTBURANIY Fandsnugnnszatgegsadtasealuyn
a Y ) R ° Ao &
famaieasageniAlunisinguuuunsussidlresiinsauima g fwelull
24.1 auwuszezlng
au1lna (Far Field Method) fie usnaAivinalnaanate N aluus ol
JURUUN TN SFlITN1SWAsUTUTImNTEEENe (R) wddawy E uag H 9sudsiunsenny

| ) &, 2 o v a =
1/R AMUAULLUUYDINAINUTanawdy 1/R au’]migﬂglﬂaﬂggﬂﬂiaﬂﬂ']ﬂ'JEJa‘U'nJVlLLNiQa

TeNauy E way H 191NN ULasNANI9999n1SNsNSEa18 WRgInuAaUSEUIU

| |
. | RADIATING
FiEAR , FRESNEL REGION , FAR
, | FIELD
| |
| |
R=0.62+(D¥A)%: 1 Re = 2-D¥A L
| 1
ANTENNA ! !
1 I

JUN 2.6 szvaulnawazaulng
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N137A3 UUUUNITULH SIE VR UE101N1AYDIVUIAF U NS Lavinavesd o
| 3 v vo o % 4' o
wdwmdnluiilasugnihunldlunisesnuuvasrisaieiniassuudeansisas uaznns

Wpsenssdudmanlni lnsauulnagnanunadmiunisesnuuulagldaunisdeluil

2D?

R>=— (2.6)
A

A = Aanueeau (Metre, m)

D = awaligfianvauaiainie (Metre, m)

R = szgginnendygradifiunneauinszezlng (Metre, m)

AUN1TANUYIPAUDTUIEAINUENIVDIAAUTULN N NAFNERS

c

A== (2.7)
f

c = 3x10® (Metre per Second, m/s)

A - AwgmeAu (Metre, m)

f = Ad (Hertz, H2)

Qs <
2.5  audladianman
audBvesladidnnin (Dielectric properties) luguautAnsiwiaieatosiy
AuEsavesianlunisdainuuazdsondsulniinaauiimaiiaziue givaiany

<)

As LA (Permittivity) 2097203 wduAnuivenfsauduius seninsussnulniuagi

4
AN A ¥

usslwiinlutanladidnvinuenannilsdiainnsnnudiumuliin (Dielectric resistance) &3
Judivsvenisnnudunmuvesiansenisivavesnseudlninluanneilifinsiedeulmn
anautEinlihuesladidnvinanunsousseendunansdudad -

AR LT (Permittivity) : usivavandennuaunsalunisdafunda
Iwilhvestanladidnnin Aranumsiiliiigauansitfanianuanansalunisdafundany
T lfunnndn Tumandufumanunsdilaliduansianusidalunsdafundsaulng
Va4 7a0)

audumuluia (Dielectric resistance) : Ludnivauenisauduniuves

ansonsiravaanseualnihluangnlifinisiedeulmanusumulningawanainTag

a L 1 J
fanudumusenseialiiligndi
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=] [

AN3gaYLdEngeI (Loss tangent) : iluAfivsueandsuszansninlunisadeinu

v

[y R =

nasulihvesian Adesuanstansagydendanudeslunisdeiulni lunanduiuen
WnuanstaNsaadenaanuanntunisasiuliih
251 Jaqledianusn
[ Aa Al a « a [ & [ a a a . . . =]
Tannensiiladiannings Iaidudanladiannin (Dielectric material) &
Aududa (polar) ge aunsadniuuseglniinld Fadudanilninlis w3 eiduawiulnih
anunsavildivalwilileeldaunuluidieladidnesnuilsgnasegluaunulviliyss gl
slilwanudaanuiiousgnefiiiuiani iWeswsvduiiisadniesiniuaindunisauna
A a 1 9va 4 Sy ad o & o a
waguneliinANuduiladidnesnlunsivszauinaggnuanivluiien1svesauiuuas
Usgavasvdululuiianiansaiudin dsngnisaliiazassauulnihnglundivanauiy
Tngsaumeludiladianainies drladidnninuilaUsznoudieluanaiidussdaniient
mefuiisou WanawatuliifissusasnaedudavintuuszdiSeaiuieliunuauuns

vosuegluhuAgIiuiuawy

A [ 1 a s a
#1319 2.1 G]'W'NLLﬁ(ﬂﬁ'ﬂﬁﬂLLa%ﬂq‘l@@Laﬂﬂiﬂ

vllnvaedsn AnladLanuEniianud 1MHz

Acrylonitrile Butadiene Styrene (ABS) 3.1-3.4

Paper 3.5-6.0
Polyethylene (PP) 2.2
Polyethylene Terephthalate (PET) 33
Polyphenylene Sulfide (PPS) 3.0
Polyethylene Naphthalate (PEN) 3.0
Polytetrafluoroethylene (PTFE) 2.0
Silicone Rubber 3.1
Reclaim Rubber 2.0
Brown crepe rubber 1.7

Glass 3.7-10.0

Mice 5.0-8.0

9119137971 2.1 Aledidnninvesan ABS (Acrylonitrile Butadiene Styrene) o9

TugaeUszanm 3.1-3.14 suanuduazan1 el ddenadianuuandresiulduediv
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ananauLayIsNINanves ABS Mliuluwsaznsdl Inewanafiniifanuutaws Baveu nuse
anmenie wagnusousalu Junmnedmiun1stusduuudnged 19avasuivaings

200°C-250°C Jmuanuseulaganimanadinviindy uazaunsaduguladeg
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S2UgUNTIWNITDINUUULIANT FMCW A21U0 24 GHz

3.1 umi
\Wenluuniazna1nilunaunsoenkuusns MIdiasunuwagisnisiiudeya
WUl U1 0999 U BUNNIRYIE18D1A LA lNanILAMLENIAAUVEIAILD 24 GHZ

VRLRIRT avi’ﬁmi’?miwﬁgﬂLLUUmiLLWi’ﬂizmsﬂﬁuﬁuaqawmmm 109 UNNISUSU

al

AIlmeslivinzauiusas lneaduauiseidewuutananaud (FMCW Radar)
zdsdaunaduesnasnululasnilugianindy wazususseslneaudainiuiianig
d‘ QII ] ) a ~ a s % [ [
maunasdidmuneduyudes Weadusasnsenuiuidmanedygyiaenssinnszany
nauludaesessudyain n5aTuMunus @1unsaTafian1e ANEe SEEENIL LU ke
puslumsiedounvesing wagssuzniTesingeIngafinngsns Janszuiunismanilaz

yMrausadnaludesgiinudula luunssld

v sl =
3.2 ﬂ"l'iaaﬂLLUUﬁ'ﬁ’]\‘iIﬂJQﬂL’iﬂqiﬂﬂ'ﬂﬂJﬂ 24 GHz
Tugalsnis 24 GHz azmneislugadsaguiiussyaudsenauiidndudmiussuu
sa o a N e’lj a [ a 14 (% a
15AINYIUTAND 24 GHzIugatarTIAT ovd sy IMnaTsiazvenedya 1A D
e (RF) N1 24 GHz dmsumsdsdyain Flonaneitesiuieasainmnud winesueud
LaAMUAINTAlUNITHRLAN LU rdiwTTudya unsankuulLiiaTulazUsEuIang
= 1 A o 1 = ) Y 1% N
\desayviounsod g ruaznoudnitanung wiessulaeialuazlsznaunieinisueny
dyeyiausunauen Inwes finsed wavduusenaunsussaianadyaudulugaisns 24
GHz 92AnNAILEIDINANDNLUULIAIMTUANNDRNIZTOINITYINIU L@10INIFRZYINRTNTEa
doyaransnisllueiniakasSuidesagiounasvouainidamune lugato1vsiuds
AnuaEnsatunisUszananadygyanieftayamdulssloviandyanassnsnlasu ds
919 ABITeNUaNe TN TUSTLIaNAd Y IUATYIa (DSP) LIWaALTUNITA19Y 11U N159A
439 N1sUszIananalinans dmsun1sussnannss wazn1snsndudimunelugail
119gilvsmIvANLazdumeTlaliadwlIsAuazaInlunsdeansi ussuunsegUnsel
AEUBN B49195AWB UMY UART, SPI %38 12C dwiunisuanidgudayanaznis

ANVUAA
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3.2.1 OPS243-C FMCW Radar

@ 2 |
@ OmniPreSense

ix OPS243 .Q

...................

5U71 3.1 Tugatsans OPS243-C

0Ps243-C (ulugaisens FMCW (pAusieiflesiiuiunduanud) fiiamnlng
OmniPreSense 5a15 FMCW tJuwmafiasasiilddyaunduseidoiiniudiudsusias
sgwsaliloufiofaszoruazamuiiivesing 0PS243-C l¢suniseanuuudmiunisliay
[sangsrerdunazyieTufinud 24 GHz Tugavihauiinaiuiinans 24 GHz Feeglutisadu
Tulasnnvesanasuusiménlaiialaefl OPS243-C 1Hmadia FMCW Fepnufvesdaayios
sanfesiintusazanasederearioudionamiulu Inensimssinanuuansiawe sl
guiadanafiduasSud i JgasafetayatIarAIs Al Tnodaudonas

vhausiuane Micro USB Type B to USB 2.0 siussuiiuimesfauanduguil 3.2
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E‘Uﬁ 3.2 @18 Micro USB Type B to USB 2.0 Type A 817 1 LUAT

|
75.0 |
[2952.8) ‘

WiF ij"]luetooth
Module

£0.0
[3543.3]

[488.2) o D0 0000 000 D —— .

JUT 3.3 vunlagasidenveding

v =

OPS243-C filuwesisa1suasaieiiamnsansiaduinglagefisssey
100 As Wuwestinunred1989d1msunisliausng 9 1wy n1sshvianulasady ns
31980UN1593195 N1sBuiuvedlasy n1sUszananadyusaisiwuniliogluduwes

wag APl wuudgtislinssinssuuietu Jeyagnieansiiubuneasingiuuiianeiiy USB,
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UART waz RS-232 wenainil daliduwmesinglianedmsunsdeansiunanin waznisdeans
seuzlna APl ag13918lvinsAIuANIULUUEIANAYRITRYa (Mg Fay 1av) Joyad
F18971UUTZN0UMIEN1IATIITUNMSAGULMT AuET fiane (Vid/aneen) wastetoya
| ) 1o v | I o I a
anusilanuudugngly = 1 luddetalus Yoyadisdinnuusiugilaiiy = 10% veq
FYYENNTI TEELNIINTINUAB 10-20 1UAS (82 W) damTuyama uay 50-100 Luns (328
We) dwsuinglaeaunlng Wy saeusd AP linisauauiddedailiainsamuauyis
nsnTadulales wavauAuMsdaenInifllseuntsinaundelinmsldndsnunias

ﬁwaﬂwmﬁamﬁﬂu@aﬁﬂw 1.7 W nazlulaltau @altau RF) fs 0.8 W lnualaiuasius

NAIUANINANITDaANSIUleeds 100-300 mW

{

UART/RS-232/Interrupt/
5V-24V Power (J3)
7y .| LDO Rx
WiFi/ Frequency Antenna
Bluetooth ¥y Feedback _|_¥ N
VCOo
USB — PLL Control X
_ Cortex M4 ARM 24GHz |Antenna
Interface [<— Processor _IF ' RF /
(J2) < 4 [
Filter

gﬂﬁ 3.4 WHUNNYBY OPS243-C

M1597 3.1 wanstoyadnmnensliihvesluga

Parameter Symbol | Min Typ Max Units | Notes

Supply Voltage Vaa 4.75 525 W USB interface, per
USBE specification

Supply Voltage Vaa 4.75 24.0° W Pin 9 on header J3

Power Dissipation Prax 1.8 W

Operating Ta -40 85 °C

Temperature

Storage Temperature Tstg -40 105 °C




15799 3.1 wanstayadnmnznilniivedluga (sie)
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Parameter Symbol | Min Typ | Max | Units | Notes
Transmit Frequency Fix 24 2425 | GHz
. 24GHz s Fu <
Transmit Power P 6 11 15 dBm 24.25GHz
b b Puag | 3 9 dB | Adjustable via API
Adjustment - )
Idle Transmit Power Prxag) -30 dBm | Not transmitting
Antenna Gain Gant 11 dBi
Transmit Antenna Azimuth | RAaz 20 ° -3 dB beam width
Transmit Antenna Altitude RAa 24 9 -3 dB beam width
330 375 mA | 5V input
P — " 390 450 mA | 5V input, WiFi
Consumption (OPS243-C) 0 85 mA | 24V input
90 105 mA | 24V input, WiFi
140 158 mA 5V input
Idle Current Consumption lia 180 200 mA | 5V input, WiFi
30 35 mA | 24V input
1 second duty
34 mA s
Hibernate Current = cycle’, 5V input
Consumption (OPS243-C) = > Tsecond duly
cycle’, 24V input
Reset Time Trsv 200 ns
Processor startup
Startup Time Tsrr 2 us time after release

of Trst




Mkr1 24.005 GHz
-39.139 dBm

Stop 24.5000 GHz |
Sweep 2533 ms (1001 pts)

U7l 3.6 13849 Spectrum Analyzer WaaAILd 24.005 GHz

€al

29
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g
(%
(Y |

N9020A MXA Signal Analyzer AIMNEIN1T0989ATOIILATIZUA Y QY1 ADEIITA
ALazIAIITRAA Ud Y IUNdALR Feue 1

e

10 Hz 14 26.5 GHz laglun1sintlamisain
fynnauaduvesluga OPS243-C leiAamuail 24.005 GHz

3 8 1245
e 2
3232 T 3
320 40
316
312 48
308 52
304 56
300 60
296 64
292 68
288 72
284 76
280 80
276 84
272 88
268 92
264 %
260 100
256 104
252 108
248 112
244 116
240 120
236 124
232 128
228 132
224 136
2281 9 §41440
‘309 535}4

0
q”%muwwmmd“

g‘th?i o g‘uLmesﬂizf\]wmamﬁmaﬂu@a OPS243-C

N1599NLUULAIYDI91NA OPS243 TiAuninevesatwadnaun 20° (-3 dB) Tu

W25V hay 24° (-3 dB) lusgiunuase duanuiusiazanddudunddunaiiesqin
LY ) U Y

lassasangiemdnn1snsadunianain sulvuameNmldiduandugui 3.7

3.3 msviuAwniimesmeluddlugasans

mM3deusie OPS243 fupsufinmes [nsdnsl/uwituidn Android, Arduino, Raspberry
Pi, vdofUsrnanauuUiledy 9 anunsadanisidedisienenuaiGudu doyaszgnandy
danlu ASCI s doanudu « semuadliluguuuy JSON ieluenTinseviuay
Fanslddne (aunsndennsivideradiag JSON) o winm JSON fuldiy loT 7iindu

Tduasgrunazinaluladeng o wu Node-RED Fulunnnsguves Raspberry Pi @adivinloi
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lugandeufivstdvudivlegduwuulauiaf i uwesnatedinagyinausuiuiy
lwafuuunaInved loT

T

A

Tera Term

5U71 3.8 TUsunsa Tera Term

Y. O3 - Ters Term &1
File Edt Setup Controd ‘Window

Mew connection.., Alt=N
Duplicate sesscn Alt=D
Cygwan connection Alt=G
.

a

5U7 3.9 Hweinsinutuiiniiunavestoya

TUsunsu Tera Term WWlunsideudenazdanistugunsainiuniotignumia
1Uslamaanng 9 WU Telnet, SSH, 30 Serial. lUsunsu TeraTerm fanwugiulusunsy
Sumesilegltaunsiinuuuiidnus (Graphical User Interface) fil¥a1udne Tnefifliaos
e q Aaglunisdousonardanisiugunsalinietisetisdienny Tnoideuseniumis
Serial Port annsaideudatugunsaliuma Serial Port 1 33 assuaiasUiumeivie

gunsaldu q Alddeansiiu Serial Port I wazldfivesnisiiuduiin (Logging) fagud 3.9
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Wletufinnsdeansszarinenisidense Wislilunsasieasuvidensieszitoyalunovas
SnvedeaninsasesfumsimunAwarnsU U ILAiaIns Tnensusuusenssen
f19 9 Wy n1sRermedaleure Anusvenan fduazuuusnes lngldAds AP
command (Application Programming Interface command) FodumdeildlunsSenly
w3edeansiu Application Programming Interface (API) va3szuugandwidifiovhauvie
Fonlaiandusing o

3.3.1  YAANHIVNINAD “ | 7 1NaA3A1 UART Control

= o « ”
#1519 3.2 ‘qﬂﬂ']ﬁﬁ‘ﬁll')ﬂ |

Command | Name R/W Value

? Query Baud Rate Read Outputs current baud rate and oversampling
setting.
In Baud Rate Write Set ntovalues 1, 2, 3, 4, or 5 based on desired
baud rate.
11 =9,600
12 = 19,200 (default)
13 =57,600
14 =115,200
15 = 230,400
IS RS-232/UART Interface Write OPS243-Crev D boards only. Starting with rev
Selection D boards, both UART and RS-232 are available
on the same sensor. UART is the default
communication over the J3 header. Use IS
command to set the communication out the
RS-232 pins on the J3 header. Use persistent
memory command (A!) to save RS-232 as the
default communication upon power-up. Use
Is command to change back to UART interface.

'
o

Ffda 12 7 avndeumnisiudsioyausnuvesiugaisas anduldmds «
12 7 9113799 3.1 wandliifiudrFuduveslugaiat 19200 Baud (A1 n 1ds | 013
Sonldusedesnisimusaiven (Baud) Tnsanunsaidenaves n = 1,2,3,4,5 Tauizau
puiiresnisarliold) dsndnds « 1S 7 edonmaideusie Tneflugaves OPS243-C vy
14 RS-232 waw UART sy (ugashduanunsaidonliinazidonsio RS-232 vide UART lag

a o

o o v
%mmmmmammuaaﬂlﬂ)
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3.3.2  Yamdwsan ¢ T 7 [anerIA213d

M1597 3.3 YAREMNIR < T 7

Command | Name R/W Value
t? Chirp Bandwidth Read Returns the chirp bandv.wdth setting and the
start and stop frequencies.
Set the bandwidth for the OPS241-B between
t=n Chirp Bandwidth Setting Write | 100-1,000MHz. Default is 990MHz. n is value
between 100 and 1,000 in MHz.
Sets the starting frequency for the chirp ramp
in GHz between 24-24.9GHz. For example,
; . t>24.01 will start the chirp ramp at 24.01GHz.
£ Sulrp Ramp Start gyt The total chirp bandwidth ramp from the
starting frequency must be less than or equal
to 25GHz.
s? Sample Rate Read Returns the current sample rate.
_ : : Sets the sample rate. nis restricted for a chirp
s=n Sample Rate Setting Write SFbetiean1.ais,
Command | Name R/W Value
T=n Frequency Setting Write | T=0 is the default setting for 24.125GHz.
Returns the output CW frequency of the
?F Frequency Output Read transmitter in GHz for the OPS241-A, OPS242-
A, and OPS243-A.
Returns the output CW frequency of the
?
I Eiequency Outpe Reag transmitter in GHz for the OPS243-C.

AL “ T2 7 Lians1adeunIsaenduaud CW o1annuediAsedddynyn

o

lunag “GHz” dmsuluga OPS243-Claddnds “ T = -120 ” iiledsplvinnudidisanvas

Tugaidu 24.005 GHz (lneiEudui T=n A1 n @509 lHaINNTINKNL X WAZLA Y AILERT

Tusun 3.10 Favzuananavesmnudaiionlinsaliuligaisnis)
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M5A 3.4 YAAEMLIN “ S 7 uay “ X 7

35

Command | Name R/W | Notes
S| 1K samples/second Write
SV 5K samples/second Write
SXorS1 | 10K samples/second Write
S2 20K samples/second Write
SL 50K samples/second Write
SC 100K samples/second Write
S> 1024 buffer size Write | 1024 samples are collected before processing
S< 512 buffer size Write | 512 samples are collected before processing
S[ 256 buffer size Write | 256 samples are collected before processing
S( 128 buffer size Write | 128 samples are collected before processing
Xn Speed/Range Resolution Write | Adjusts the speed or range resolution from the
Control default value. nisvalue 1,2, 4, or 8. Limits
apply to usage with different buffer sizes, see
Table 4 below. Default setting is X1/x1 with
exception of OPS243-C which has x2 set.
A15197 3.5 AvuaUnlnes
* Buffer Size
Buffer Size 128 256 512 1024
API Setting | Speed* | Range | Speed* | Range | Speed* Range | Speed* Range |
X1/x1 049m/s | 0.62m | 0.24m/s | 0.62m | 0.12m/s | 0.62m | 0.06 m/s | 0.62m
X2/x2 0.24m/s | 0.31m | 0.12m/s | 0.31m | 0.06m/s | 0.31m | 0.03m/s N/A
X4/x4 0.12m/s | 0.16m | 0.06 m/s | 0.16 m | 0.03 m/s N/A N/A N/A
X8/x8 0.06 m/s | 0.08 m | 0.03m/s N/A N/A N/A N/A N/A

* Assumes 10k sample rate for Doppler, OPS243-C speed resolutions are 2x these values

Senldende © SL 7 tiesenn 50K ldande “ S< 7 uielvlugaiiAi 512

buffer size TayaainaiioszuimualivuIatWesi 512 18031155189 1U08NAUD

5211919 5-30 Hz aniaudloumds « X/1/x2 7 91nan5197 3.4 fvualild OPS243-C 7 x2

= & a <@ 1
L‘W’e]ﬁ]ﬂﬂ’]ﬂ'ﬁﬁ'JUﬂllﬂ’J’]ﬂJaSLE)EJG]WJ’]&JLTJ/‘U’N (vunnsUssuana FFT JIUUNYAVDY Xn

wazaediives) Seililuga OPS243-C flwunn FFT 91 1024 uay n=2 1Judwes FFT

Scale
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3.3.4 ¥aAds “ M 7 waldlunisaruauvuin wazauauadliivensiadu

4 4 o
ﬂ'ﬁLﬂﬂE]UVI‘UEN’JGIQ
| |
| |
| |
M<n I l
S P T S g pue ol o
m<n | |
| |
| |
| |
Magnitude | Object Detection |
(speed or range) | Region |
| |
| |
| |
M>n | |
m>n| r B
| |
| |
| |
v | 1
R>nor R<nor
P Speed or ren
Range
JUT 3.12 N15AIAIYBUIIAYRINIINTIATY
M5 3.6 YAAANLIN “ M 7
Command | Name R/W Value
M? Current speed magnitude Read Doppler (-A, -C) radar only.
setting
m? Current range magnitude Read FMCW (-B, -C) radar only.
setting
M>n Low Speed Magnitude Write n is any number upon which no detected
Filter magnitudes below that number will be

reported. M>0 resets to no limit. Doppler (-A,
-C) radar only.

M<n High Speed Magnitude Write n is any number upon which no detected
Filter magnitudes above that number will be
reported. M<O resets to no limit. Doppler (-A,
-C) radar only.

m>n Low Range Magnitude Write n is any number upon which no detected
Filter magnitudes below that number will be
reported. m>0 resets to no limit. FMCW (-B, -
C) radar only.

m<n High Range Magnitude Write n is any number upon which no detected
Filter magnitudes above that number will be
reported. m<0 resets to no limit. FMCW (-B, -
C) radar only.
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dienda « m? 7 iilensavaeuaBudu [ids “ m>0 7 as1anuiinndn 0

(ne n fefuavla q @lifnsseeuaneiinsenusniisiuuiy) wezSonldmds «

m<50 ” asanuittdesnia 50 Aae n Ae s1uaule 9 Alddnissenuawedinsanumile
Sruuiiu)

335 yadde ¢ R 7 ialiudansesanuidydas/dianeiinesu Tagldnnsde

ﬂ"]mdqﬁ;ﬁaﬁqwumj’awaﬁagaﬁsﬂemu

M1597 3.7 YAREmNIN “ R 7

Command | Name R/W | Notes
R>n Reported Minimum Speed Write | nis any number upon which no detected
Filter speeds below that number will be reported.
R>0 resets to no limit. Doppler (-A, -C) radar
only.
R<n Reported Maximum Speed Write | nis any number upon which no detected
Filter speeds above that number will be reported.
R<0 resets to no limit. Doppler (-A, -C) radar
only.
r>n Reported Range Filter Write | nis any number upon which no detected

range below that number will be reported.
r>0 resets to no limit. FMCW (-B, -C) radar
only.

r<n Reported Range Filter Write | nis any number upon which no detected
range above that number will be reported.
r<0 resets to no limit. FMCW (-B, -C) radar

only.

R? Report Current Speed Filter Read | Reports current settings of the speed filter (-A,
-C)

r? Report Current Range Filter | Read | Reports current settings of the range filter (-B,
-C)

Senldids “ r? 7 WenTIdaUN1IIIENUIINToITUAY nUUlEA Y

« ” :j ! U 1 d‘ dl 1 = U d‘ a0 dl d! é !
r>0 7 faAINTaIteTsI8auNINNg 0 (n fe faavle o Nliddnnasianudesiinii
UILYNTI8) MnduFenldamds ¢ r<5 7 AsriInseadeiTenuitesnii 5

(n fie dnavle 9 AlHTTINTIRINUTFINIITIWILLUILYNTIBIW)
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3.3.6  YAATES “ F 7 liNan1siviund uunateunazuandan

M15797 3.8 YAREMLIN “ F 7

Command | Name R/W | Value
Set n to the number of decimal places to be
reported. For example, setting to F2 will

Fn Decimal Places Write | report 2 decimal places (ex. 10.35). FO will
provide the integer value only. Valid values of
nare 0-5.

F? Decimal Place Setting Read | Query the number of decimal places set.

Sunltmds “ F?2 7 1iiens9aauinaBuauilanuiunateunswius a1ty
Toada “ F2 7 wiamvualianiwansdanuiuneadey 2 dwrud (n e 3nuunatay)

3.3.7 YAATEY “ B 7 1H0naeAuaninaLiialiinisngiadu

M13199 3.9 YAFHMLIR “ B 7

87 If measured data does not meet filtering

BL criteria, sensor will report out a character with

BS every sampling interval. BZ will report zero

BC Blank Data Reporting Write | value. BL will report blank lines. BS will report

- a space. BC will report with a comma. BT will

BV report a timestamp. Use BV to turn off. B?
will report the current setting.

Fenldyneidas « BZ 7 iauansml 0 lekiinisnsiadu
3.3.8 YaAas “ A 7 ivatuiinuasigndn

M5 3.10 YAFE LA “A”

Command | Name R/W | Value

Al Save Configuration Write | Saves current configuration settings in flash
memory. Upon power loss or recycling power,
the saved configurations will be used as the

default.

A? Persistent Memory Settings | Write | Reports the current settings for persistent
memory.

A. Read Settings Write | Read the current flash settings.

AX Reset Flash Settings Write | Will overwrite current saved settings and

return to the factory default settings.
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SFda AX 1ies

"RequirediaxSpeed“:300.000, "RequiredDivection":"Either", "SpeedUnit":"nps"}

TlUsunsuly Arduino lun1steusdaly Servo motor Lieldlunisaiuaunisvyu
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@ servomortor | Arduino 1.8.19
File Edit Sketch Tools Help

servomortor

#include <Servo.h>

Servo myservo; // create ssrvo object to control a servo
// twelve servo objects can be created on most boards

int pos = 0; // variable to store the servo position

void setup() {

myservo.attach(9); // attaches the servo on pin & to the servo object
}
void loop() {
for (pos = 0; pos <= 180; pos += 1) { // goes from 0 degrees to 130 degrees
// in steps of 1 degree
myservo.write (pos); // tell servo to go in variable 'pos’
delay(1lS); // waits 1Sms for o reach the position
}
for (pos = 180; pos >= 0; pos -= 1) ( // goes from 180 degrees to 0 degrees
myservo.write (pos); // tell servo to go ion in variable 'pos’
delay(1S): //f%aits 1Sms for the servo to reach the positior
}

JUN 3.14 MsasArAdansvyuveeshinanes

luduvesgunsaliilaidenldazinnusanslugaduudendeaielisaisindoudula
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oo oA o = awv = v P A 9w
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U7 3.22 1e30ailo¥n Network Analyzer (Keysight, E5071C ENA series 300 kHz 20 GHz)

nsiameladiannsnaeinsasiieTn Network Analyzer (Keysight, E5071C ENA

series 300 kHz —20 GHz) AiliauasnsafisonduulunIsnagouLa AT IEAF Y IULUY
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3.6.1 AladidEnvsnA1eAn
nnanIsnaaeingINilanuineladidnv3nvesndennilugispnudd
500 MHz - 5 GHz eladidnvianegl 3.66-3.53 wisugnnisvanosuazsanlulusunsuls
gunsniinAlaBidnninlagliaingamgiiqe aamgfithil 26.0 a3 IFBW 30.000000 Hz
WAZAIRIU -5.000000 dBm

0.6 _ #o-

04 r ]

Dielectric loss factor

(} Ly L 1 1 L L
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

Frequency (MHz)

JUN 3.26 n3mluansrnisaaydeladianninvesdnen

1.65 7

Dielectric Constant
g
T
Il

1.6 1

I | I I | |

15 1 1 1
2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

Frequency (MHz)

=]

JUT 3.27 N 1uaneAladlanyisnuaiuudnaeIveInanain ABS



a8

3.6.2 Aledianuiinuuudnasswanadin ABS
MnuanImeaesnsmildnuinaladidnminvesuvudiaedutisanudi
500 MHz - 5 GHz ieladidnvanogil 1.89-1.64 wisugnnisvanosuazsanlulusunsuls
gunsniinAladidnminlaeldaingamgiiqe aamgfithil 25.0 a3 IFBW 30.000000 Hz
WAEANR991U -5.000000 dBm

Dielectric loss factor
< < < < <
[ 'S in > Q

T T T T T
I Il 1 Il Il

=
(3]
T
L

0.1 *

L L L L L
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
Frequency (MHz)

U7 3.28 nymluansmnisandeladidnninveanuudiasivesnatadin ABS

Dielectric Constant
o

] L Il Il Il
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
Frequency (MHz)

JUT 3.29 N3 uanemladlanyiinuesuuudnaesveanalain ABS dnnszany



a9

3.6.3 Anladildnvisnuuusiaswananin ABS flliiunszany
Nnramsnaaesnmildnuimladidnninveauuudaesiiiiunszawdn
uneludenluraennudil 500 MHz - 5 GHz fianladidnvineg 3.65-3.51 Wouyanis
nasosuazisnlulusunaligunsaiindlndidnvinlnelivingungiias gumginid 26.0

29A7 IFBW 30.000000 Hz azn1a991u -5.000000 dBm

2 0 T T T T T

i g
18 /
16 7

5 14 7
3]
St _
2
2 7 -
Q 10
g
o 8T _
E f/
Q &

4r 5 7

2 l - - |

A — _ R retea |
(}-{_I) : 1 I I | I | I i
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
Frequency (MHz)

JUN 3.30 n3mluansAnisgeydelndiannineswuudiaedveanalasin ABS 18anseawdn
Tuanely



50

3.6.4 nsiudayanismaass

OPS243-C FMCW Radar
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Abstract: Radar technique has an important role in
industrial and agricultural sectors. However, in the past,
radar technique was used to detect target, which was
approximately 5 cm or greater. Detecting small targets
by radar is very useful for agricultural industry. This
research aims to apply radar techniques and equipment
to enhance detection capabilities. The OPS243 moduk
is conveniently used to adjust intenal parameters to
perform experiments and analyze the data by Python
program. The target sizes in this study were 5,4, 3,2, 1,
and 0.5 cm. The study revealed that target of a sizes
indicated above might be detected by a radarfitted with
an OPS243 module. However, it was unable to detect
0.5 cm target. In conclusion, the radarsystem can be
applied to detect target with sizes of 1 cm or more.

Keywords: FMCW radar, radar, 24 GHz.

1. Introduction

FMCW radar systems are commonly used for military
and automotive applications. Small targets are,
therefore, one of the challenges of radar technology.
This system is now becoming accepted and is still an
important topic that receives more and more attention
nowadays.

s vco PA 4 ™
Voltage i ransmitting
Wave Form i Power Amplifier

Fast Fourier Mixer Low Noise 9
Transform Amplifier

Fig. 1. FMCW Radar Block Diagram

Fig 1 shows FMCW RadarBlock Diagram Chirp
Signal, often referred to as FMCW Radar Signal, is
created by modulating a continuous wave signal with a
linear periodic signal. This enhances the capability of
determining the detected target's range and speed. By
sending a linear periodic waveform to a Voltage
Controlled Oscillator (VCO), amplifying the chirp
signal it produces, and transmitting it with a suitably
directional antenna, it is possible to create an FMCW
radarsystem. The echo signal is received and amplified
by Low Noise Amplifier (LNA) and mixed with the

Electrical and Electronic Engineering (Technical session 02)

original signal to get a signal which obtains Beat
frequency. For the last convert, the resultant signal to
frequency domain (Fast Fourier Transform) FFT to
obtain range data [1]. According to survey results in the
past years, FMCW Radar has been receiving more and
more attention continuously. Based on data from Googk
Scholar, recent radarresearch has found that compact
radar devices are accessible.

Table 1. Number of publications on FMCW radar
according to Google Scholar.

Years (2015-2021) Amount
2015-2016 3,330
2016-2017 3,890
2017-2018 4360
2018-2019 5,220
2019-2020 5,810
2020-2021 6,730

Google Scholar also points out the ability to detect
small targets with a size of less than 5 cm [2]. Such as
detecting nano drones or pests. Frequency-modulated
continuous wave radar (FMCW radar) is deployed to
solve such problems because radar can detect at close
range. It is also one of the essential elements of
technology since it is no longer affected by harsh
environments. This radaris also very flexible, with no
blind range and high resolution. Although many
publications on FMCW radar have been carried out as
shown in Table 1. The FMCW Radar has seldom been
used to detect very smalltargets. From literature review,
the smallest target captured by FMCW radar was 5 cm
nano drone [3]. Speed of nano drone can be 0.05m/s
(slow), 0.13m/s (medium), 0.5m/s (fast) [4]. Detection
of small targets are extremely useful for application to
detect insects in farms which is very important in
agricultural industry. The objective of this research s to
conduct experiment and analyze detection capability of
FMCW radar.
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2. Technique
2.1 FMCW radar

freq. A PRI Tx signal
(S Rx signal
’ .
B :
v : .
e <
i time
(a)
beat 4
freq
L,
time

(b)

Fig. 2. (a) the transmitted signal and the received
signal (b) beat signal [5].

The FMCW radar is a continuous frequency-
modulated microwa ve transmission. Figure 2 shows the
transmitted signal frequency with sawtooth modulation.
The received signal is reflected from the target. The two
signals are combined in the frequency domain. This
signal is called a pulsation signal, as shown in Figure
2(a) where tq is the delay time between the transmitted
and received signals. A standard method for FMCW
radaris a spectralanalysis of the beat signal, i.e., the beat
frequency can obtain via FFT (Fast Fourier Transform)
processing as follows.

R=(CPRI-f1)(2- B) (1)

Where

R = The range of the target

C = Speed of light

B =Modulation bandwidth

f»=DBeat frequency

PRI = Pulse repetition nterval, which is the chirp
period

The range step AR is computed as follows.

AR = (C-PRI-f)/(2-B)
=(C-PRI) (fs/N)/(2-B) 2)
Ny =The FFT point
fs=ADC (analog-to-digital converter) sampling rate

Maximum PRI is determmed by

PRI =1/(2 fpaxp) (3)
N =C(Q2-£-PRI-Av) (4)

N = The number of ramps

f-= Rising beat frequency

Av = Velocity resolution

Jfwaxp=Maximum doppler frequency to be detected

Electrical and Electronic Engineering (Technical session 02)

2.2 Radar equation
The power received by the radar is computed using the
following equation.

eoa*
(43R

Py = Pr(c%4) 5)

Pr = Total power received

Pr=Power transmitted (Power transmitted)

6" = Radar dispersion per unit area or the scatter
coefficient (Radar scatter coefficient)

A = Cross-sectional area (RADAR cross section)
G = Antenna gain

R = Distance in range (Range)

= Wavelength

2324 GHz

Each frequency range of electromagnetic waves shown
in Table 2 is well known and used for many benefits.
The wave with a frequency of Giga Hertz is a type of
microwave wave with a frequency in the range of 103-
10'2Hz ora wavelength of | mm - 10 cm [6]. It is used
for long-distance telecommunication, especially used as
a radar signal, since microwaves can reflect metal well.

2.4 Far field method

Antenna radiation pattern measurement of the relative
magnitude and phase of an electromagnetic signal
received were used to create a pattern measuring
antenna. The far field was calculated for the design using
the followed equation.

2p?
R> = 6)

L = Wavelength

D = The largest size of the antenna

R = The distance from the antenna to the remote field
area

3. Analysis

3.1 Antenna Pattern

Based on Far Field Theory, the detection range of the
OPS243 depends on the object to be detected and the
RCS (cross-sectional radar) [7]. As the object moves
more to the right or left of the module center, it will
reduce the detection range.
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Fig.3. Module FMCW 24 GHz Antenna Pattem [8].

The OPS243 is a simple, short-range radar sensor
that provides motion detection, speed, direction, and
range information [9]. The onboard ARM processor
handles all radar signal processing. The basic principle
of the sensor utilizes the Doppler frequency shift to
detect speed and direction and FMCW time of flight
(TOF) to detect range. The detection range of the
OPS243 covers a narrow 20° azimuth (horizontal) and
24° altitude (vertical) beam width (measured at -3dB
point). The detection range is 10-20 m (82 ft) for a
person and 50-100 m (328 ft) for large metal objects
such as vehicles [8].

3.2 Experiment

OPS243-C FMCW Radar

W
. .

Targets

Distance

im

Fig.4. Experiment sctup

Before starting an experiment, radar moduk
parameters were set up using APl commands to suit the
experimentalneeds. To simulate insects, this study used
ellipse-shaped aluminum foil as detection target. Five
sizes of aluminum foil were 5,4, 3,2, 1,and 0.5 cm.,
respectively. The example of target is shown in Figure
5.

Electrical and Electronic Engineering (Technical session 02)

To simulate movement of target, cach aluminum
foil was swung in front of the radaruntilit stopped. The
experiment of each target size was run one at a time. The
distance from the target to the radarwas 1 m. for the
target sizes of 54,3, and 2 cm., whereas that for the
targetsizes of 1 and 0.5 cm. was0.6 m. Then, Tera Term
program wasused to collect the experimentalresults. All
data were then analyzed by Python program to
determine the ability of detecting the smallest targets
that the 24 GHz FMCW radar could detect. This
research used 24 GHz frequency in K Band [10]. This
study focused on detecting movement of object only,
whereas speed testing was irrelevant.

3.2 API Method

The FMCW OPS243-C radar module can conveniently
detect the movement, speed, direction, and range of
objects in the field of vision. Moreover, it can adjust
various parameters to suit the application. [8].
Therefore, this module can reduce development costs
and time. The radarboard was set up through the Tera
Term program using the APl command to adjust the
settings when available.

4. Result and discussion

Speed over time of the movement

&—— Maximum speed

Speed (m/s)

E 8 Ul 8 83

l The targets is not moving

|

0 s 100 150 20 20 200 0
Time (10'second)
Fig. 6. Result of 5 cm target detection
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Fig.7. Result of 4 cm target detection
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Fig. 11. Result of 0.5 cm target detection

Figure 6-11. shows results of the experiment. The
analyzed dataare displayed in the form of graphs which
show the speed over time of the movement of various
objects. Obviously, the radar was unable to detect 0.5
cm target since the graph shows horizontal line. The
horizontal line means that there is no movement data
received. However, the radardetected movement of rest
target sizes.

For 5 cm target movement, the maximum speed was
approximately 69 m/s which occurred at the fifth
second. After that, the target stopped moving. For 4 cm
target movement, the maximum speed occurred at the
ninth second. Then, the target stopped moving. For 3
cm, 2 cm, and | cm, movement of target was detected.
However, movement of 0.5 cm target was undetected.
Therefore, based on above results, using radar with
module OPS243 equipped with APl command can
detect target sizes of 2-5 cm at the distance of 1 m. and
also target size of 1 cm at the distance of 0.6 m.

5. Conclusions
From the experiment, the conclusions drawn are as
follows.

1. The radarwith module OPS243 equipped with
APl command used in the experiment helps detecting
small target well.

2.The FMCW radar can detect small target with
a size of 1-5 cm, but it is unable to detect target with a
size of 0.5 em.
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