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Matched filtering example: Delay-and-sum

« Basic: Microphone signals are delayed and then summed together
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Fractional delays implemented with truncated interpolation filters (=FIR)
Consider array with ideal omni-directional micr's
Then array can be steered to angle y :
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d{m,q.:r}=[i £
Hence (for ideal omni-dir. micr.'s) this is matched filter solution
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Beamforming basics

Data model: source signal in|
* Microphone signals are filtered versions of sou
alir, pan i
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Y (w.6)=H, (®.68). e
» Stack all microphone signals in a vector

Y(o,6) =d(,0).5(e)

d(@.0)=[H, (0,07 .. H, (w0

d is “steering vector’
= Quiput signal after “filter-and-sum’ is
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% AvEORD Frequency Domain Beamforming )

Time delay errors (and other phase distortions) manifest themselves as
relative phases betweean inputs.
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Calibration for frequency dependent errors
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Beamforming

Electronically controlled beam forming can be obtained by using array of
transducer elements.
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Beamforming types. Beam steering vs beamforming.

The antenna can then be rotated to scan the narrow beam formed by adding together the array elements. A©A LtCdr Narendra Mago Beamforming ¢AA¢A Beamformers are used both in passive and active sonar systems. A©A LtCdr Narendra Mago Figure 1a TIME DOMAIN BEAMFORMING ¢AA¢A As the source is moved around the array (or the
array rotated), then hydrophones across the array receive signals with differential time delays, so the hydrophone outputs no longer add coherently and the summer output drops (Figure 1b). A©A LtCdr Narendra Mago Figure 1c TIME DOMAIN BEAMFORMING ¢AA¢A Conceptually, we could systematically vary these time delays to electronically
scan a single beam around the platform, but again we have problems. In order to reduce the effects of the spatial side-lobes of the beam-pattern, an array shading function is applied across the array (often a Hamming or Hanning weighting). Firstly, sonar arrays are often pretty big and heavy so must be mounted on the hull of a ship or submarine. By
delaying the pulses into each of the array elements one can steer the electronic pulse in a certain direction without moving the array antenna at all. Beamforming Lt Cdr Narendra Mago A©A LtCdr Narendra Mago Sonar Array Basic Sonar Receive System A©A LtCdr Narendra Mago DATA Acquisition Beam Forming Detection Process Display
Processing Display Introduction to Beamforming ¢AA¢A The use of array sensors on modern radar and sonar systems is universal The first radars used mechanically movable antennae to physically scan entire sections of the sky by physically aiming radar waves at a particular location . A©A LtCdr Narendra Mago A©A LtCdr Narendra Mago If we
form our beam sum output as:- In practice, we know we want to form a fan of say M beams from the array, so we can write:- AOA LtCdr Narendra Mago FREQUENCY DOMAIN BEAMFORMING If we choose A A so that A A.M/2 is equal to the differential phase between elements when the source is at end-fire, then we daditnac al ne acidar amelborp
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odunem a se sodarednop sotnemele ed nemuser atse ,radar ed zah ed n3Aicamrof ed sametsis sol nE ¢A -4 ¢A ranoS gnimrofranoS niamoD emiT ogaM ardneraN RDCTL ©A .ohcna odal le erbos sodarg 09 -/+ nerbuc euq M sagiv ed rodalitnev nu 3AmroF Hardware needed to use this type of system. Conventional beam formation algorithms can be
subdivided back into three classes, narrow band, band pass and broadband systems. A © LTCDR Narendra Magic Frequency Domain Storage of the main objective of using frequency frequency techniques for sonar beamforming is to reduce the amount of hardware needed (and hence minimise cost). A©OA LtCdr Narendra Mago TIME DOMAIN
BEAMFORMING ¢AA¢A Electronic beam-steering can be achieved by introducing a time delay network between the individual hydrophone outputs and the beam summer, so that signals from the required ¢AAAlook direction¢AAA are brought into phase and can be added together coherently (Figure 1c). A©A LtCdr Narendra Mago FREQUENCY
DOMAIN BEAMFORMING There are several classes of frequency domain beamforming:1 ¢AAAConventional¢AAA beamforming where array element data is essentially time delayed and added to form beams, equivalent to a spatial FIR filter. During this time we need to maintain the receive beam looking in the same direction, so as not to miss any
potential echoes. If we compare this beam equation with that for the discrete Fourier transform (DFT) of a block of time series data Bk given by:- A©A LtCdr Narendra Mago FREQUENCY DOMAIN BEAMFORMING then it can be seen that the two are similar and we can re-write the beamforming algorithm as:- This is identical to the DFT equation,
except for the A+A term in the complex exponent: A+A is usually between zero and one for beamforming. The time-domain system outlined above is very flexible and can work with non-equispaced array geometries. It is very efficient with arrays with small numbers of channels. This is similar to phased array radar. A©A LtCdr Narendra Mago
Beamforming ¢AA¢A In its simplest form, sonar beamforming can be defined as ¢AAAthe process of combining the outputs from a number of omni directional transducer elements, arranged in an array of arbitrary geometry, so as to enhance signals from some defined spatial location while suppressing those from other sources¢AAA (Curtis and Ward,
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every time we transmit to receive any echoes. A©A LtCdr Narendra Mago TIME DOMAIN BEAMFORMING Figure 2 Note :Although the delay networks are shown separately in the Figure, in practice they usually use a common random access memory store A©A LtCdr Narendra Mago TIME DOMAIN BEAMFORMING Figure 3 Note : In summary time
domain beamforming based on space-time RAM stores is very flexible and widely used. Secondly, even if we could rotate them, as the array was turned, the movement of water across the array face would generate flow-noise. eg ¢AA¢A Weighted delay-and-sum beamforming technique (also referred as time-delay/domain beamforming) ¢AA¢A



Frequency Domain Beamforming A©A LtCdr Narendra Mago TIME DOMAIN BEAMFORMING ¢AA¢A Consider an array of hydrophones receiving signals from an acoustic source in the far-field (Figure 1a). ¢AA¢A Newer systems employ electronic phase delay techniques to utilize a much simpler static array antenna for the same function. If the
outputs from the hydrophones are simply added together then, when the source is broad-side to the array, the hydrophone outputs are in phase and will add up coherently. Active sonar also utilizes a conventional beamformer which acts on the waveforms that are reflected from the targets. targets.

The Battery Simulator 1200 is a In the second simulation, an antenna was con-nected to the frequency generator in order to sweep the spectrum. ppt /. The USRP is commonly used by researchers as a wireless prototyping platform Mar 27, 2021 - Simulation example: AM transmitter and receiver. Host-based software is used to control the USRP in
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