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Analogue Beam Forming (ABF) means, that the received echo signals from each element . ’ ’ ia
of the phased array antenna, are combined at the RF carrier frequency level. This Expertise in RADAR
analogue beam former feeds up to four centralized receiver channels, down-converting
the signal to the basic band (or to an intermediate frequency, IF). The following R
Analogue-to-Digital Converter (ADC) digitizes the IF or the video signals. ) ’

DIQJI&I Beam Formmg Figure 1: Analogue beam forming of the antenna pattern
Digital beam forming (DBF) can be realized at element level or at sub array level. In DBF-
architecture there are many digital receivers, one own receiver at each of the radiating e o e o o o =

elements of the antenna. The down-converting to IF-frequency and digitizing the signals i
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Digital Summation

is realized at each individual antenna element (or small groups of them). Noise and signal
distortion in each receiver are decorrelated among all receivers.

Multiple independent beams steered in all directions can be formed in the digital beam
forming processor. The benefits of digital beam forming include:

+ improved dynamic range;

+ controlling of multiple beams;
- i/ 2 2 Digital bea Uil fihe a = palie

. better and faster control of amplltude and phase‘ Figure 2: Digital beam forming of the antenna patiern

Standardised Modular Transmit-/Receive-Module (SMTR®)
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distortion in each receiver are decorrelated among all receivers. ) ) i ) ) i ) ) Systemtechnik
Multiple independent beams steered in all directions can be formed in the digital beam
forming processor. The benefits of digital beam forming include:

improved dynamic range;

controlling of multiple beams;

better and faster control of amplitude and phase.

Standardised Modular Transmit-/Receive-Module (SMTR®)

The Transmit-/Receive-Modules are the key components of based on AESA technology

digital beam forming. The modules contain a part of transmitters’ power amplifier and

parts of the receiver, and can be mass-produced to achieve a better cost/performance

ratio. These modules may be used in various programmes with only slight individual

adaptations being required. By the compact design the line losses are low during the

signal processing. For example, the standardised modular transmit-/receive-modules are

used in the X-band multi-function fire control radar of the Medium Extended Air Defence

System (MEADS), in the German Armed Forces’ ground surveillance radar BUR, TerraSAR space radar, and in the Eurofighter’s E-Captor
radar.

The SMTRM is a hermetically covered circuit board with the dimensions of 64,5 mm length, a width of 13,5 mm a height of and 4,5 mm. This
board contains a power amplifier being in the shape of two monolithically integrated circuits fed with different phaseshift, a ferrite circulator for
connection of a transmitter/receiver to the transmit/receive path, a monolithically integrated limiter and a low noise pre-amplifier. The received
signal will be down converted into an intermediate frequency. All circuits are performed in Gallium-Arsenide (GaAs) semiconductor
technology.

Beam Forming Processor

This ability to organize various antenna patterns at the same time has only become possible with the technology of a digital receiver,
because only digital signals can be copied any number of times without loss. In practice, the received signal is converted into an intermediate
frequency and then digitized at once. At an IF of 75 MHz, the analogue to digital converter requires a sampling frequency of 100 MHz.
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technology.
Beam Forming Processor

This ability to organize various antenna patterns at the same time has only become possible with the technology of a digital receiver,
because only digital signals can be copied any number of times without loss. In practice, the received signal is converted into an intermediate
frequency and then digitized at once. At an IF of 75 MHz, the analogue to digital converter requires a sampling frequency of 100 MHz.

Figure 4: Block diagram of a beam forming processor

The Figure 4 shows a block diagram for a typical beam forming processor. Every single antenna of the phased array antenna has got its own
receiver channel and is followed by an own analogue-to-digital converter and a digital down converter (DDC). For a correct summation there
is a special transversal filter that equalizes the frequency response and corrects the individual propagation delay in this one receiving

channel. This transversal filter is also referred to as a finite impulse response filter (FIR). It is tuned in a special automatic calibration routine.

ANALOG BEAMFORMING RADARFEATURES AND FUNCTIONS

- Mechanical Steeing of Reflector of Array Elements

- Hardwired

- An Example of Analog Beam Forming is a Radar Using Spherical Transmittkigenna was Surrounded
by three Spherical Luneberg

- Lens Receiving Antennas each Covering A On€hird Sector of Space. The TX Antenna was a spherical
Phased Array of several Thousand elements with only

- A Fraction of these energized at any one time to foradirective beam. Each energized array elements
was driven from a separate power amplifier which obtained its properly phased input signal from a
Luneberg—Lens

- Conventional Phased array radars like patriot and agies are the other examples.

Disadvanta ges:

1. Difficult to setup and expensive
2.Sdeleobe levels are high
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3. Mutual Coupling effects the performance Degradation because of Analog Processing
4. Noise is more.
5. Errors are more since self calibration is not there.

BLOCK DIAGRAM OF ANALOBEAM FORMING RADAR
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BLOCK DIAGRAM OF DIGITAL BEAMFORMING RADAR

ADVANTAGES OF DIGITAL BEAM FORMING
Many Independent Beams can be formed simultaneously
The Beams can be made very agile.
Long Dwells are Possible
Sharp nulls can be formed in thébeam patterns to suppress jamming signals
The Beam Pattern can be adjusted to enhance angular Resolution.
If the A/D Samples are stored Beams can be formed offine at a Later time
Self Calibration and error correction
Low Antenna sidelobes.
. Adaptive Nulling of Jamming and clutter as function of Range.
10.Correction for failed elements
11.Flexible Data Rates.
12.Simultaneous Multiple Functions.
13.Improved Non Cooperative Target Recognition
14.Low Probability of Intercept

MAIN FEATURE OF DIGITAL BEAM FORMING $PATIAL PROCESSING.
TEMPORAL PROCESSING IS DOPPLER FILTERING AND MATCHED FILTERING
Digital Beam Former Phased -Array Architecture
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CONFIGURATION OF RECEIVERS AND BEAM FORMERSIOETIPLE DIGITALBEAMFORMERS

RECEIVER BLOCK DIAGRAM OF MULTIPLE DIGITAEAM FORMER

DIGITAL BEAMFORMER AND THE ALLOCATION OF FREQUENONESHE REQUIRED DIRECTIONS
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Theory Simulation of analog digital hybrid multiple digital beam forming features and functions

Smart Antenna systems:
Using a variety of newsignalprocessing algorithms, the adaptive system takes advantage of its ability to

effectively locate and track various types of signals to dynamically minimize interference and mavize intended
signal reception.

Beamforming: spatial filtering & Uniform line array
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Beamformin g: Delay-sum

Beamforming: Similar to FIR filter

Let T=0 (broadside)

Represent signal delay across array as a delay line
Sample:x[n]=xo (nT)

Looks like an FIR filter!

X[n]*w[n]

Designw with FIR methods

Let T=0 (broadside)

Represent signal delay across array as a delay line
Sample:x[n]=xo (nT)

Looks like an FIR filter!

X[n]*w[n]

Designw with FIR methods

Beamforming: Narrowband

Narrowband assumption: Lets(t) be bandpass with BW <</ (M-1)d Hz.
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This means the phase ffierence between upper and lower band edges for propagation across the entire

array is small, e.g. <810 radian.
Most communication signals fit this model.

If signal is not narrowband, bandpass filter it and build a new beamformer for each subband.

Samplethe array x[n]=x(nT),

We can now eliminate time delays and use complex weights&= [wo, ...Www.1] , to both steer (phase align)

and weight (control beam shape)

Beamforming: Narrowband phased array

[ = amplitude weight for sensorm, fo = bandpass center frequency, Hz§ = direction of max response
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Beamforming: FFT implementation

Suppose you want to for many beams at once, in differedirections, if beamk steered to 7, has strongest signal,
we assume sources is in that direction.

Beamforming: FFT implementation

Beamforming: Examples
Electronic, Digital, Optical
Electronic beamforming

Examples: Electronic beamforming

Examples: Electronic beamforming
MMIC (CMOS & SiGe)
+ Very small chip
+ TTD & phase shifters
- Switched delay
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+ Large bandwidth
+ Low power consumption
- Large coupling between channels

Examples: Digital beamforming

Frequency domain beamforming

DIGITAL BEAMFORMING:
+Easy implementation of time delays
- Multiple data converters required
- Large sampling rate
- Large number of bits (large dynamic range)
- Large power consumption
Purpose:
» Live weather reports;
» High-speed Internet access;
* Live television through Digital Video
Broadcasting via satellite (DVBs)
Specific targets:
» Conformal phased array structure definition;
» Broadband stacked patch antenna elements;
» Broadband integrated optical beamformer
based on optical ring resonators
in CMOScompatible waveguide technology;
* Experimental demonstrator.
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System overview & requi rements

Frequency range10.7—-12.75 GHz (i band)
Polarization: 2 linear (H/V)
Scan angle:60 to +60 degrees
Gain:> 32 dB
Selectivity: << 2 degrees
No. elements~1600
Element spacing=~ @ (~1.5 cm, or ~50 ps)
Maximum delay:~2 ns
Delay compensation by phase shifters® beam squint at outer frequencies!
0 (Broadband) time delay compensationmequired!
Conclusions
* A novel squintfree, continuously tunable beamformer mechanism for a phased array antenna system has
been described and prtly demonstrated. It is based on filterbased optical SSEBC modulation, and ORR
based OBFN, and balanced coherent detection.
»  This scheme minimizes the bandwidth requirements on OBFN and enhances the dynamic range.
» Different measurements on optical bemformer chip successfully verify the feasibility of the proposed
system.
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