UT‘% Monopulse Antenna System for Angle Tracking
College of Engineering =E Senior Design ] T N
Experimental Results

Angulo, Rodriguez-Cruz, Ozuna, Wall

Executive Summary Experimental Setup

This project focuses on designing and Monopulse <= RF Analog Signal (5.8 GHZ) = i O
Baseband Digital Signal '

Antenna Array 2x2
Power: -60 to -30 dBm - ® ,
capable of accurately determining the angle to a Block Diagram <= Power Signal (12V @ 2.5A )

=

implementing a monopulse antenna system

()
|

target. The system processes sum (2) and
difference (A) signals of echoed electromagnetic

=y
=] [==] [=2} E=
I I I

dB(S11_fitted)
dB(511 _discrete)

Battery Power System

Rat-Race Coupler: TalentCell PB240B - 24V > 12V @ 2.5A 1

waves to estimate direction in both azimuth and T e e T A T T N N
OUTPUT = Z Sum: -3 to -6 50 52 54 56 58 60 62 64 6.6 L et
elevation directions. - ADI361 + FPGA freq, GHz . e
Fig. 3. ADS S11 Resonance at 5.8 GHz  Fig. 4. HFSS Rat Race Comparator,
The design integrates RF components, including a Circulator & Switch Host Computer demor\st_rgtmg ~even power split at 3 port
rat-race coupler and an AD9361 transceiver, with INPUT = RF 3 signal INPUT = Angle data reaing e Sum, ifrenc, lvtion Rato Az, 0414 = 0.045 B
FPGA-based digital signal processing. MATLAB and OUTPUT - Routed RF (TX/RX path) OUTPUT - Display / Logging Deta-E1 = (43} (D) s
Simulink were used to model and validate the — 5 -
monopulse algorithm before FPGA e e oo [ (e —
implementation. RF Transceiver (AD9361) FPGA/DSP e | — e il ) T
INPUT > RF 3, A (GHz signals) INPUT > 12, Q2, 18, QA B A T g
The goal is to achieve accurate angle estimation PROCESS - Down convert to baseband (MHz) & PROCESS = Powe.r. P=1"+Q ]
o : o : : PROCESS - Ratio:R=A/% o
(£3°) while maintaining a compact and cost- PROCESS - ADC (12-bit typical) e 0ok =
effective system suitable for real-world OUTPUT = IZ, Q2 (Digital samples) PROCESS Anlg e;j =kR amn
applications. OUTPUT - 1A, QA (Digital samples) OUTPUT > Angle (degrees) | | o
Fig. 5. MATLAB DSP/FPGA (A/> ratio, 4-channel system, and calibration)
Background Experimental Test Plan Conclusions
Monopulse radar systems are used in applications Antenna Test Plan: Rat-Race Test Plan: | * This project presents the design and system-level architecture of a monopulse
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* When the targetis centered > A=0

* When off-center > A/Z gives angle information

The system consists of:

e 2x2 Patch Antenna array

* Rat-race coupler (comparator, outputs 2 and A
signals)

 RF front-end (filtering, amplification, base-band
processing) using AD9361

 FPGA (ZedBoard) for faster digital signal
processing and switching than a microcontroller Fig. 1. ADS Single Inset-Fed

 MATLAB/Simulink for modeling and validation

* Issue: fixed-point caused precision errors
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* Angle of arrival
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