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Abstract

This paper presents a MATLAB simulator integrating detection and multi-target tracking for digital beamforming
FMCW radar. Based on an 8x8 uniform rectangular array, it combines range-domain CA-CFAR detection, Doppler
processing, monopulse angle estimation, and Global Nearest Neighbor (GNN) data association. Detection provides range,
velocity, azimuth, and elevation measurements, while tracking creates and updates multiple tracks using a constant-velocity
extended Kalman filter and GNN association. Search and tracking slots are allocated at an 8:2 ratio, and predicted track
information is used for subsequent beam steering. The functions are integrated into a single user interface, and

simulations confirm continuous multi-target detection, track initiation and update, and tracking-beam redirection.
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1. F2 #fojct & s mzjo|g
Table 1. Main radar and array parameters

Parameter Value
Carrier frequency, f, 15 GHz
Array configuration 8x8 URA

Cosine element,

Element antenna model CosinePower = [15, 15]

Element spacing M2 (approx. 9.99 mm)

Maximum array gain 18.1 dB

3-dB beamwidth (Az/El) 12.7 deg / 12.7 deg

First sidelobe level (SLL) -12.8 dB

Beam steering range (Az/El) | —30~30 deg/—30~30 deg

FMCW sweep bandwidth, B 30 MHz
Chirp duration, 77, 100 ps
PRF / PRI 8 kHz / 125 ps
Sweeps per dwell, ]\/:,, 10
Maximum processing range 3 km
Radial velocity range +30 m/s
Waveform simulation rate 40 MSPS
IF processing rate 25 MSPS
Reference target RCS —20 dBsm
Required SNR 5 dB
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Table 2. Main implementation settings for detection and

tracking

Parameter Setting
CFAR training / guard 32/ 14 cells
Design 7, 1x107° / CUT
Search / track report limit 5/ 1 per dwell
) 0.1 deg, 0.1 deg,
Measurement noise std. dev.
10m, 1 ms
Confirmation / deletion 34/[22
Assignment threshold 400
Maximum tracks 10

Search / track slots 8/ 2 per 10 slots
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1. Radar and Target Model
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Waveform Array Model Environment Model
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2. Signal Processing (Detection)
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4. Scheduler and User Interface
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Fig. 1. Overall architecture and processing flow of the
integrated digital beamforming FMCW radar simulator
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Radar Simulator App

Radar Parameter  Antenna Array amPattem | B and Scanning | Signal Process  Deftection  Tracking

Detection, Tracking, and Beam Scheduling Parameters
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Fig. 2. Integrated user interface for detection, tracking, and beam scheduling
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