Running Sum Average CFARS ©]43 TDM-MIMO FMCW # o]t ¢]

Multi-Target Detection A%

AR REN T, «AAH R

z'g:/gl—

W gl AsHEEgddE, ATl

lynghn99@itsoc.sejong.ac.kr, wonjae@itsoc.sejong.ac.kr, *seongjoo@sejong.ac.kr

Improved Multi-Target Detection Performance at TDM-MIMO FMCW
with Running Sum Average CFAR

Yongbin Lee, Wonjae Song, =Seongjoo Lee

Dept. of Electrical Engineering, Sejong Univ.
*Dept. of Electrical Engineering and Dept. of Convergence Engineering for Intelligent Drone, Sejong Univ.

a

o ok
2

B =82 Frequency Modulated Continuous Wave(FMCW) #ojt] Alxele] B4 A5S 4A7]7] $3] SOCA CFAR
dug)lES MAE Q= SOCA RSA-CFAR 01'3’_3]%% Aoratt}, o] &yE|HS Multi- Target At A 9] CFAR
MaskingS %°]7] 93] Running Sum AverageZ &3t} MATLAB AlE# o)A A= o] M2L dug]Fo] 7]&

SOCA CFARET} 50| $-43& HolEr

I.AHE

H T, frequency modulated continuous wave(FMCW) #o]t+ t}st
Fopol| A Fe F5g Wi Ity Radar®] 213+ Background Noise,
Masking effect, Side lobe 53 22 o] & TargetS &l U&= Aol
et gt 2R 37 5402 A8 7153 Thresholde] 44
o] ZQ3lH o]Z 3+ darg]Zo| Constant False Arlarm(CFAR)©]th
2 =12 SOCA CFARS 7H M3 28 La2]ES A9teth Running
Sum Average(RSA)E 83 =& &< Multi-Target
Situation®l A 7]¥ SOCA(Smallest of Cell Average) CFARe] H]& ¢
U2 s Btk £ =82 o3t 2ol dEnh 289 13 29014
= FMCWe] 712421 912]9} CFARS] 7ol sl theth 3elA= A
2§ €325 SOCA RSA-CFARS 47Ng) 49} 5ol A &= A& 0]
AL 99 MATLAB 34 A9 Al i) die § A25 Aed

=20 T,

o]—_]—_y

o

o2&
1. FMCW RADARY| &% 93

FMCW #loltl= Far M5 o] &dto] 7] 3l £ A4S BF &
Ae 4= 9 #oly AlzH"oelth, FMCW RadarelA TX <HuU= A7t
o wpe} 3Tt APAH R Frkehe 4 AS(Crim)E Sl of
& $AH A5 = Targetdl] F59 HH}E]J_ RX cterfof o) =21
t} o] % ol AT A5} A AT Aol o] x4 Ao (beat
frequency, IF frequency)E &4 }}E} ] beat frequeny= 37} Z¥ 5
7HA] ol sshe dl ™ ARtel ul#|shH, o] & §al Targete] A& AL

S >~ & A~ = = e} =
g g ol =3 =27 S8 4T 5 old

o O

o H]@s
EHE o] &3 F3x9

AR oF

& w=eodld= FMCW Radare] 2% £elles FdA7171 96l

TDM(Time Division Multiplexing) MIMO(Multiple Input Multiple

Output) 71£< 7|WFe 2 7P wld-& §Adste] 718 417] SHelue) 4
£ =9 AEHAE JAggrh[l]

2. CFARY Ad

CFAR Q12|22 g0y A28l A TargetS BA3= u AFLHE

F838 NeAe] 7PHe] shelth[2] o] €aFe Wkl Noise
levelol Z-8-3to] Detection Threshold® ¥Ho® A3t o
Thresholds= Target cellg 7|5 2.2, FH 9| referance cellE2 #4354
FFTH beat Frequancy? ZE bin(cel)oll thal] Aoz Aot}
CFAR ¢1g]&2 o]¥¢t #A & 53] False Alarm Rates 274t
o7 fAFHa k=, A3 False Alarm Rate7} S Target
Detection &-&0¢] #4541 False Alarme] & 9A] gradhr), di)
2, False Alarm Rate”} #2W Target Detection &-&°] Z7}s}#|qt
Aol False Alarm¢] &% F7}gtth 3}

¢

-
A

ol
-

offt

]_
glole] Alzglo X+ H 2 g False
alarm Rate& 4733t 94 0}71 93 CFARS ARt dA7HA]

H1 UE CFAR &38&e thofsith 1% =2 lc‘joﬂ/q RE
SOCA CFAR2 HtlZ A Noise 73 Zslttes 54
Threshold®] #%=7F Ytk o] Noiseol 70‘13‘}71]
ThresholdE B4 0 & AAgIT= S2oln okl Targetd] AT E FA)
%= CFAR Masking®] #AE j8o] otk ftojt} o]= 53
Targete] F 7§ o] £A5}= Multi-Target Situationoll A 3 2k}t 8}
w}e] Targeto] 7t 2o WAL w] 73k 215 95 SOCA CFARY
Threshold’} §43] A3t 5L, F WA Targete] Aa7F FA1E 4
ot} o3 A4S CFAR Maskingo|hal gk}


mailto:lyngbn99@itsoc.sejong.ac.kr
mailto:wonjae@itsoc.sejong.ac.kr

3. FA A= SOCA RSA-CFAR €&

& =xol A= SOCA CFAR®] @& B¢st7] 91el Threshold
1 7]%71¢] Running Sum averageS 283 SOCA RSA-CFAR ¥
25 aehgeh. WA SOCAE 7]WeR ThresholdE Altgtet. o] &
o] SOCA ThresholdE ©]&3] FFT binv}t} Detections X &sl=d], &
Alell Threshold9] RSAS}F Threshold ZAAF=(7]71)¢] RSAE AlLtsit),
ojul, wrek HA) AALETL A= RSARTE 2 4 dadF2 dA)
Threshold?] %2 Threshold®] RSA #to.2 wA8}e] Detections %13
g}, o]¢l WS 58] Noiselt A2 9] peakell 2]8+ Threshold?] 523k
3%& WA 8L, CFAR MaskingS 9+3}5}o] Target detection®] 455

A

4. MATLAB Simulation Setting

B =l A= 3714 Scenariol 3t simulations Matlaboll A 33
t}, Radare 77GHzell Max Range: 200m, Range Resolution 1m=
A7skdet 7 37HA] AlvE] el digk AR ol [ 113 2tk
(a) (b) (c)

50, 80 30, 50 105
-10, 10 10, -15 -10

distance(m)
angle [degree]

[3 1] Scenario Setting

(@9 ()& 7 MY Targeto] EAst= 4504, (0)& &
W EA3E A 9-olth angled #olde] FHE Vo R SAH.

5. 4% A3 ¢ £4

HZo|M 493 SOCA RSA-CFAR ¢ag|&9] AlgdolAs 7]&9
CFAR®] Al B#o]A o] A& vlaate] i sttt Figure L(a)ollA 7]
&9 SOCA CFAR® (a)-14% Detect 3t4 %tghch. 1)t} SOCA
RSA-CFAR®| 7% Threshold® <7+5 AFdsto] (a)-29 2o
TargetS =5 Detect 3l= 232 ®olFt} Figure 1.(b)¢] FFT A¥+=
FMCW7} Figure 1.(a) 2.t} B =& amplitude® F+ 719] peak7} thebdt
o}, ol SOCA CFARS 73t A% gho2 Q13| Threshold’} 54 3]
d5ate]l Targets #AE8HA 53kAE SOCA RSA-CFAR®] 4
Threshold®] 455 &3HA1A e Targets detect sfdith w20
2 Figure 1.(c)9] FFT Z¥}+= 3] Targeto] vl =& amplitudeE
7M1= peakst sidelobes7} webdth o]s I3, SOCA CFARE
Threshold?} B23] A<5ste] TargetS Detect 84 Eath whd,
RSA-CFAR 311+e] Targets A3H3] Detect dh= AoE RojFrh

m Z2& ¢ 3§ a7 4%

B =R Radar Target Detections 93 &4E SOCA
RSA-CFAR ¢xgl5s Aletstrt. SOCA CFAR ZA¥e| Running
Sum AverageZ #-&3}o] Threshold?] 7S AlFHatla, 71E9
CFAR Masking®] 9% s14%& 21& MATLAB AlE#oldS &3 7
Zalgieh £ =FollA Aoty dae]E-E SOCA CFARY #d = AZs
o] <=2} A3 EAA 2 Computational powerS Z0]7] 98ix+= SOCA
CFAR Zazl5ae] 71490 &3l digt 771 Zasit) =3 SOCA
o]9]el| & T} CFAR 185579 v} A& tigh A7& 285
ojof & Aoz Helt

(a)-1 : 1 detection

| (a)im | (a)-2:2 Qetection
(b)-1:0 detection

(b) (b)-2 : 1 detection
()-1:0 detection

(c) (c)-2 : 1 detection

[Figure 1] Matlab Simulation result; (a), (b), (c): 27} 37}A]
Scenario®] ™3k FFT9 SOCA RSA-CFAR, SOCA CFAR A3}
(a)-1, (b)-1, (c)-1: SOCA CFAR detection 23 (a)-2, (h)-2, (c)-2:
SOCA RSA-CFAR detection 23}

ACKNOWLEDGMENT
B oATE A EYREARY ANeR FRATA,
Tl EA AN &N A Te] A AL W Folo]BA U
71N EAFd (No. 2023M3C1C1A01098414) 2 A (-8
NEAREAR Ao  FIATATY  AANo
2023R1A2C1006340)5 o} 3t om, HAFS A%

EDA##HE &2 IDECY]

A 4e TS

FaEE

[1] Q. Zheng et al., "An Improved Scheme for High-Resolution Point
Cloud Map Generation Based on FMCW Radar,” 2020 IEEE 11th
Sensor Array and Multichannel Signal Processing Workshop
(SAM), Hangzhou, China, 2020, pp. 1-5, doi:
10.1109/SAM48682.2020.9104348.

2] C. Xu, Y. Li, C. Ji, Y. Huang, H. Wang and Y. Xia, "An improved
CFAR algorithm for target detection,” 2017 International
Symposium on Intelligent Signal Processing and Communication
Systems (ISPACS), Xiamen, China, 2017, pp. 883-838, doi:
10.1109/ISPACS.2017.8266600.



