
Beamforming and. Angle of Arrival (AoA)

③ Omnidirectional antennas : radiate signals equally in all directions
,

Directional antennas : Direct the radiation more in 1
,

certain directions and less in others . q

③ creating such non - circular radiation patterns ⇒ Beamforming → Spatial
Filter

How ?

③ Let's consider an ARRAY of omni -directional antennas ( or even microp
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linear antenna array circular mic. array (Alexa)

③ say , these antennas transmit an at the same time ?

↳ what signals win you receive from different locations ?

③ consider nearby locations. first : xl,

↳ The aggregate signals at these nearby #locations vary based on the location .↳ No pattern is visible as you more .
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③ Now

,
consider locations that are far away

↳
whew distance from antennas to location L

becomes ⇒ Than separation
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↳ Let 's analyze far field effects T P P P→
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③ • AU antennas transmit

• say Rx receives Solt)

from antenna ao . . .

and silt) from antenna ai

y O • Received signal yet)
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③ Now
,
assume (no echo or multipath) .

↳ Then what is the difference between Solt) and S
,
Lt) ?
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this cause ?

X distance causes 2A phase shift
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How can we mathematically write that silt) = Solt) phase shifted by d = 2¥ dcoso
↳ Recall

Thus :
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③ Plot Yf or Yt against O
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③ So the beams look like :

¥ of Bg
③ Observe

,
the natural beam is pointing towards



⑨ Beam Rotation
Now I want the main lobe to point towards

↳ i.e.
,

towards o
.

↳ How ? By making signals from an antennas

so
, first let's see how signals add up along
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This is called

③ Analogy : stagger runners at

the starting line

to ensure

they are run The same

distance



③ ANGLE OF ARRIVAL (AOA)

¢ e a
signal arriving from

a1-

Antenna array needs to
F T P . . . P figure out the
Ao q Az AN-1

How can you estimate AoA ? Wen
,
similar concept as beamforming

② Say received signal is now

""
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⑨ From this received vector

,
how do you detect O ?

↳ answer:

↳ Algorithm :

for Oi = A search over all AoA O

{
di = I calculate phase shift

co:-c If J "
}

Plot 11 Plot the AoA spectrum
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③ Now
,
let's assume sending in parallel .

↳ can we still decorate the AOAS ?

it : in
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③ Now how can you decode

↳ Answer : Looking for a certain phase pattern →
*
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Perform this for all values of
Hope dot product large when



③ modelling noise I = AS +
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③ By correlating along an directions air ,
we get an

③ Problem is
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↳ Peak is

Especially when signals are


