* OWIMOKMN NPU CUHXPOHUUALUMN
* Beamforming
* [lepepacnpeneneHue 4YacToT



OLWKNOKU NPU CUHXPOHN3ALNMN

Bua cunxponnsanuu Beanunna Tpebyemas P Heobxonumoe
pPaccornacoBaHHs YBENHYCHHE JHEPTHH
BU uacrora 0,1 10*-10° 1,5-1.25
Af, <=
Ty
BY pasa Agp, <10-15° 104-10° 1,1 - 1,15
Bpemennas TakToBas At, <0z, 10°-10° 13-15




OLWKNOKU NPU CUHXPOHN3ALNMN

t " n"Heﬁ“aﬂ | .
—Y(T)—) 4acTb —’~ YacToTHbINA }—’{
ACCKPUM.
. NpUEMHWKa

PATETRR
CHMHXPOHW3aLMK

ZI—
YCTDOMCTBO

<

A

24

X1



OLMNOKU NpU CUHXPOHN3ALNMN

111 -

i
W)= Si(r, - 1)

YcTpoacTeo
CHHXDOHA3E LA

Ca2
Wy(0) = 5, (z, 1)

A 4
‘ chcmo
v orceeTa
YC | r v
A
| b

™

X1



Smart Antenna

</
N Y /
| 4




Smart Antenna

Regular Antenna; Smart Antenna (Beamforming):

Uke 2 Light Bulb: radiates energy in all directions., Like a Torchlight: focuses the radio beam in the needed dlrection.
This results in wasted RF energy and interference. This results in stronger signal and less wasted RF onergy.




Smart Antenna
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Figure 1. Typical Cell Phone Beamforming System
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Antenna Beamforming network
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Smart Antenna
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Smart Antenna
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Smart Antenna
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Smart Antenna
METIS Deliverable D 8.4, “METIS final project report”

Maximum Coverage Distance VS Combined TX-RX Antenna Gain
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Smart Antenna
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Beamforming

* When T=r, the

Timed array channels are all

>_ St-[M-11T) time aligned
e * w,, are beamformer
4 weights
> aem2n H(x
M-l
g Wi y(t)=Zwmxm(t—[M—m—l]T)
@ m=0
>_ 2.03) « Gain in direction @ is
2.w,. Less in other
W1 directions due to

incoherent addition.



Beamforming

* Let 7=0 (broadside)

* Represent signal delay

v
‘ &t-7) ‘ across array as a delay
= line
v
)
. 4
« Sample: x[n]=x, (n1)
(%9 °

* Looks like an FIR filter!

* x[n]*w[n]

* Design w with FIR
methods



Beamforming

Suppose you want to for many beams at once, in
different directions.

If beam k steered to 6, , has strongest signal, we
assume sources is in that direction.

v [n]=w/x][n]
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Beamforming: FFT Implementation

many beams at once

> Xol7] i

x[n]

Xp1[7

Amplitude
Taper
(multiply by a)

FFT

—> yg,[7]

—> yy,[7]
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System overview

40x40 > > optical
Antenna [ RF '| beamformer —
array | front-end [ with to
: . amplitude receiver(s)
> > tapering
Frequency range: 10.7 — 12.75 GHz (K, band)
Polarization: 2 linear (H/V)
Scan angle: -60 to +60 degrees
Gain: > 32 dB
Selectivity: << 2 degrees — Continuous delay tuning required !
No. elements: ~1600

Element spacing: ~A/2 (~1.5 cm, or ~50 ps)

Maximum delay: ~2ns

Delay compensation by phase shifters? — beam squint at outer frequencies!
— (Broadband) time delay compensation required !



Optical beam former
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Optical beamformer

8x1 Optical beam forming network (OBFN)

combining network
with tunable combiners

(for amplitude tapering)
8 inputs

with _O ~—
tunable
delays

1 output

12 rings
{/ combiners
— 31 tuning elements



Optical beamformer

RF front-end E/O and O/E conversions?

B o i s i e e S S i N e A i Vi i S b e e el i el

electrical » optical optical » electrical



Optical beamformer

/

single-sideband modulation with

Filter requirements:

* 1.9 GHz guard band;

* High stop band suppression;

* Low loss;
« Compact;

« Same technology as OBFN.

 Broad pass band and stop band (1.2 GHz);

« Low pass band ripple and dispersion,;

suppressed carrier (SSB-SC)
1.2 6GHZ
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Optical beamformer

Signal combination measurements

RF input 0-1 GHz
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Measured output RF power of
beamformer with intensity

-50

RF signal magtitude (dB)

modulation and direct

detection, for

- 1 channel, T oh .2 2 i tp 5
- 2 combined channels, FIOeney (OE)

- 4 combined channels



Optical beamformer

RF input 1-2 GHz

Measured RF phase
response of one
beamformer channel,
for different delay
values.

Signal Phase Shift ( x 360°)
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