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Design of Multi-Mode Radar Signal Processor for UAV Detection

Seunghyeok Lee - Yongchul Jung - Yunho Jung

School of Electronics and Information Eng. Korea Aerospace University
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o]t} A /\Eél% —’é:’d s}&o]| wkz} A PD (pulse Doppler) #l©]tke} EMCW (frequency modulated continuous wave) @ ©]CH=
W, $521 52430 whet pD glolvhs AR 34 el FElg b, FMCW dlojthes v e] 314 Sl A3he 548 2t

=it ofd] l&v‘}oﬂ = 78] ot v 17| ©HAIE 913l PD dlo|th A3 FMCW o]t AJ2ES K7 2|9
7Fs3r HE|RE go|tk Alax]g] 24 (RSP; radar signal processor)= A|eFett} Aoke lo|t} A& ZTRAME=
Verilog-HDLS- ©]-&3}o] RTL A 7] ¥, Altera Cyclone-IV FPGAS o]&-5to] -8 2 7% H Aok & 23, F 19,623709] logic
elements, 9,759712] register, ~12] 1L 25,190,4002] memory bit= & 7}53HS- B215}5 0, 7]E2] PD dlo|tke} FMCW dlo]t) 41
A2 ZR2AAME 7IE FE 3 74 -9-oll 13 logic elements 9} register 2 7-%0] 2F43%9} 39% 7AE-S 15k Th

[Abstract]

Radar systems are divided into the pulse Doppler (PD) radar and the frequency modulated continuous wave (FMCW) radar
depending on the transmission waveform. In particular, the PD radar is advantageous for long-range target detection, and the
FMCW radar is suitable for short-range target detection. In this paper, we present design and implementation results for a
multi-mode radar signal processor (RSP) that can support both PD and FMCW radar systems to detect unmanned aerial vehicles
(UAVs) at short distances as well as long distances. The proposed radar signal processor can be implemented based on Altera
Cyclone-IV FPGA with 19,623 logic elements, 9,759 registers, and 25,190,400 memory bits. The logic elements and registers of
the proposed radar signal processor are reduced by approximately 43% and 30%, respectively, compared to the sum of logic
elements and registers of the conventional PD radar and FMCW radar signal processor.

Key word : Frequency modulated continuous wave radar, Pulse doppler radar, Radar signal processor, Unmanned aerial
vehicle.
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Fig. 1. Transmitted and received signal of PD radar.
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Fig. 2. Hardware architecture of PD radar signal
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Fig. 3. Simulation results of pulse compression.
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Fig. 4. FMCW Radar transmitted and received signal.

Pre
processir

Rmov

£ T A T
I8 5. FMCW 2lo|ct ASxe| Z2MM stERof 7=
Fig. 5. Hardware architecture of FMCW radar signal
processor.
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Table 1. parameters of multi-mode radar system.

Parmameter FMCW PD
Center frequency(GHz) 24
Bandwidth (MHz) 250 64
Sampling frequency (MHz) 16 256
AR (m) 0.6 2.34
Ripax (m) 154 600
104
50

a8 6. HE|ZE 2fjo|ct AlA”IS] H2|-EHE Y AlSHolM Zmf
Fig. 6. Range-velocity map simulation results of multi-
mode radar system.
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Fig. 8. Hardware architecture of FFT processor.
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Fig. 10. Verification environment based on FPGA platform.
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Table 2. Cyclone IV FPGA implementation results.

Blocks Logic elements Register Memory(bits)
DC Removal 103 72 24,576
Hamming
Window 2,039 49 0
FFT 4,947 2,618 0
IFFT 4,947 2,618 0
Doppler FFT 4,947 2,618 0
CFAR 2,640 1,784 0
2D Memory 0 0 25,165,824
Top Block 19,623 9,759 25,190,400

E 3. HMekE MaHMz| Z2AAMLt 7|E A2 Z2AAM2te
=2 g4 A}

Table 3. The logic synthesis results of the proposed signal
processor and conventional signal processor.

Logic elements Register Memory(bits)
FMCW+PD
RSP P‘rocessor 34,299 19,623 50,380,800
Multi-mode 19,623 9,759 25,190,400
RSP processor

I3 11. FPGA 7|gt AZ Z3}
Fig. 11. FPGA test results.
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