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Maximum Likelihood-based Multi-target Detection Algorithm
with Slow-ramp FMICW Radar

Junyoung Jung*', Jihyung Kim**, Kyunga Roh*’, and Joohwan Chun**

o
i
Fi
rlo

20199 AFCFAAAA)Y Adoz iaetATa] A UE Tol E A5-U(UCI90063FD)

o oF
0 5

X
o
B
3
PN
r_}[_‘
n

N
r2
i
ot

33 (FMICW, Frequency Modulated Interrupted Continuous Waveform) o]th=
A AAS ¢ i, FFAIMEY A5 AARATE flolA SFAMEYE FEE] Hojws ol
of AHgst7] Agsith ARk FIMICW gloltte] & Ale Fa 29 EY Ao we A3 A

o X
(m JPN o

So] ZAs, olSo] A9 A%l Wet HFFACE Fohke ol Uk B =RIAE A AR
slow-ramp) EMICW @lelehe] Slefd A28 Hoi/bs= 7w B384 92 $ueze Ak Adss
N2 we A gHESENR) Edo] & SNR Ao /S W 53 8w, 4e 29z
weep) T AT 10709 F4S B TEYS wUPOR nyrh

—

u
Kl

—
»

Abstract

Frequency modulated interrupted continuous waveform(FMICW) radar is cost-effective and free from the Tx-Rx
antenna coupling problem, making it a suitable choice when there is limited space to place Tx and Rx antennas far
apart. However, a major challenge with FMICW radar is the presence of spurious peaks in the spectrum of received
signals, and the number of these peaks increases exponentially with the number of targets. In this paper, we propose
a new maximum likelihood-based algorithm designed to detect multiple targets with slow-ramp FMICW radar. The
proposed algorithm is particularly valuable when a low signal-to-noise ratio(SNR) target is masked by high SNR
targets. Our simulation study shows that 10 targets are accurately detected with a 4-sweep waveform.
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Table 1. Range and range velocity of three targets
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Fig. 4. Received signal at sweep 2
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Table 2. Range and range velocity of ten targets
arameters 0 (m |r_dot (m/sec)| SNR (dB) e N
target num E ol
1 155.9 -69.4 100 =
2 361.8 265.6 10 S
3 311.1 -126.0 100 2
4 1937 -385 10 g4
5 3494 -105.9 3.1623 .l
6 246.2 2182 100
7 203.3 2352 10 i
8 185.9 -290.0 10
9 319.8 -266.2 100
10 165.4 2125 3.1623
¥ 3 Heotste gnelEo2 FHTH 10709 EHMo Helet £k

Table 3. Estimated range and range velocity of ten targets using the proposed algorithm

itera- candidates | candidates target parameters fine search residuals
fion 1 2 12 r 1 2
3 4 34 r_dot r_dot 3 4
1 14 15 34 246.6231 1558131 319.4399 310.9386 2462031 | 045 022
13 9 25 2162084 | -66.5908 | -246.8383 | -124.2012 218.1084 | 1.29 246.7
) 12 10 22 155.8131 3194399 | 310.8761 1558931 | 1.08 717
10 6 14 -66.5008 | -264.8383 | -122.6762 694908 | 614 15.6
8 7 20 3194399 | 3108761 319.7999 | 289 0.158
3 7 6 16 -264.8383 | -1226762 2662383 | 273 0.26
4 2 2 310.8761 311.0961 | 0.05 0.28
4 5 3 3 -122.6762 -1259762 | 164 3.64
12 11 36 1936254 | 1650644 | 202.68A4 362.2476 1937054 || 0.1636 | 0.0342
13 19 66 -39.6495 | -210.9556 | 232.6442 263.3133 -38.3495 | 25012 | 1.853
> 1932503 | 185.3776 186.4402
284664 | -288.7296 | -301.4377
8 11 24 165.0644 | 1854401 203.6854 362.2476 1654044 | 0.06 0.01
6 12 17 53 2109556 | 2002546 | 2326442 263.3133 2124556 | 0.09 0.18
; 7 10 19 185.4401 2036854 | 362.2476 1859001 | 5934 | 0.017
11 15 43 -290.2546 | 2326442 | 263.3133 2809546 | 0.134 | 1.123
5 8 9 2036854 | 3622476 2033054 | 0.08 0.01
8 8 12 23 2326442 | 2633133 2352442 || 0.05 0.11
2 2 3 362.2476 361.8076 || 0O.11 0.01
) 5 8 10 263.3133 2657133 | 017 0.1
0 4 3 3 349.1884 3494084 | 0.05 0.01
4 5 2 -106.2403 -105.8403 | 2.11 0.31
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