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== =< Principles of Beamforming

= Signal arrival delay at each antenna is based on path distance

= Beamforming adjusts gain and phase to align delays from one direction
= Aligned signals are summed to “steer” the directionality of the array

= Combined contributions from each antenna improve signal-to-noise
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=emrel< . Beamforming Applications

= Direction Finding
Beamformed antenna can be steered to locate arrival angle of signal source
= Diversity Receiver
Multiple elements beamformed towards a particular source improves reception
* Frequency Sharing
Cell phone systems share the same frequency by steering antennas by sector
= Radar Receiver
Phased array and synthetic aperture array (SAR) system use multiple antennas
Airborne arrays take full advantage of electronic steering — no moving mechanisms

= Fire control and Countermeasures

Missile detection and threat detection systems use beamformed arrays
Improved tracking allows earlier detection of object for more effective response

= Medical Diagnostics
MRI, CAT, PET and ultrasound imaging all use beamforming technology
= Hostile Fire Location
Triangulation of gunfire for defense, law enforcement and homeland security



messTe System Requirements

T

= Airborne 16 Antenna Array
= |F Frequency: 70 MHz
= |F Bandwidth: 40 MHz

= Beamforming Signal Processing:
Downconvert 16 IF signals to baseband
Apply phase shift to each baseband signal
Apply gain adjustment to each baseband signal
Sum 16 phase+gain adjusted baseband signals
= Deliver final sum to CPU

= Ruggedized,
conduction-cooled
3U chassis




=emarek<  Functional System Block Diagram

= RF stage converts the antenna frequency down to IF

= DDC downconverts |IF to baseband with gain and phase adjustments

= Summation chain adds all 16 signals

= CPU receives the beamformed sum

= CPU adaptively controls frequency, gain, and phase shifts for each antenna
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sEeERTERE Model 53661 XMC Beamformer

= Xilinx Virtex-6 FPGA = PCle x4 Interface
= Four 200 MHz 16-bit A/Ds

= Four Digital Downconverters (DDCs)

= Controls module operating modes

= Delivers phase and gain
= Each DDC has independent Phase coefficients to the DDCs
and Gain Adjustments
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sEeERTERE Model 53661 XMC Beamformer

= Summer block sums 4 DDC outputs = Xilinx Aurora Gigabit Serial Engine

= Summer accepts Sum In from Accepts 4X Sum In from previous
previous module module (1.25 GB/sec)
= Summer delivers Sum Out to PCle Propagates 4X Sum Out to next

interface and next module module (1.25 GB/sec)
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sERTERE - Model 53661 3U VPX Beamformer

= Programmable Fabric Transparent = Allows flexible routing of Aurora
Crossbar Switch sum and PCle gigabit serial links to

= User programmable crossbar VPX P1 connector

switch path routing
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‘EeraTei<  \odel 53661 3U VPX Beamformer

= Simplified block diagram
= Available in both commercial and conduction-cooled versions
= Four FP (“Fat Pipe”) connections to VPX P1

= Crossbar switch supports many different backplanes
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"=e=raw=i<  Choosing a 3U OpenVPX Backplane

ST

= VITA 65 specifies a wide
range of backplanes

Payload Switch/
= Many different backplane Slots Management
topologies are described Siotnumbers are A N (J\‘
= FP (fat pipe) means four bi- slot number may| VPX || VPX || VPX || VPX || VPX | VPX
directional gigabit lanes 12 f3j4fs5(]S
= Expansion Plane defines ——| pioe 0" [Bwen] e [Expen] |[Expan | [Expan
links to support raw data (FP) o
transfers
Often Aurora, sFPDP, etc. ﬁ:a;? Plane (R (e | e ﬁf.:nl ,fi‘:.,“;. | ~~~~~~ > FP
= Data Plane defines links for—— I
data packet transfers Control Plane [Gone| [Gontrt | |[Gontrt || |[Gontrt | |[ont | ...... TP
Often PCle, SRIO, etc. St rere HT HT“ HTW F"’LW T
= System Strategy
Use Data Plane for g ain, f;‘llaariﬁll:‘lé;:g; IPMC ‘ ‘ IPMC | IPMC | || IPMC ||| IPMC ‘ ChMC
phase and frequency control Utility Plane —
Use Expansion Plane for Includes Power |

beamforming summation path




sesEeERE - 3U VPX 5-Slot Full-Mesh Backplane

= Jointly specified by Pentek and DRS

= 5 Payload Slots connected as full mesh

= Each P1 connector has four X4 fat pipe ports (FP)

= Each slot has one FP connection to the other four slots

Slot 1 Slot 2 Slot 3 Slot 4 Slot 5

PO{ PO PO PO PO PO
FP A FP A FP A FP A FP A
FPB FPB FPB FPB FPB
P1<{ s S s S S
ElrPcC ElFPc ElFPcC ElrPcC ElFPcC
FPD FPD FPD FPD FPD
s s s s s
P24 [E E E E E
N




sesreERsE \VPX P1 Fat Pipe Connections

= VPX P1 connectors are rearranged for clarity
= X4 fat pipe (FP) mesh interconnects are shown

= Each VPX slot is joined to each
of the other slots with one FP

= Expansion plane requirement is met:
sum data propagates between
slots 1 thru 4
FP A and FP B can be used for
sum in and out (green links)
= Data plane requirement is met: slots
1 thru 4 connect to the CPU in slot 5

FP D of slots 1 — 4 connect to all four
FPs on slot 5 (red links)
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=emrei<  Mapping OpenVPX to the Model 53661

= Crossbar switch is configures the Aurora and PCle FPs to VPX P1 connector
= FP A: 4X Aurora Sum In maps to Expansion Plane EPO1

= FP B: 4X Aurora Sum Out maps to Expansion Plane EP02

= FP D: x4 PCle control interface maps to Data Plane DP01

VPX P1
4X Sum In rp A | Expansion Plane FP
AURORA y EP01 | Sum In - Aurora
gEGMi?E)'\,A\] 4X Sum Out | rpB | Expansion Plane FP

EP02 | Sum Out - Aurora

A A A A
200 MHz - DDC 1 > b *| FPC
©— 16-bit A/D "| Gain + Phase CROSSBAR
_x4 PCle | SwITCH .| FPD | Data Plane FP
200 MHz o DDC 2 _ - | DPO1
©—>| 16.0itaD [ | Gain + Phase > bCle 6 PCle x4
x4
200 MHz R DDC 3 »| IF
C e 16-bit A/D | | Gain + Phase
200 MHz . DDC 4 .
©— 16-bit A/D "| Gain + Phase




(menswmer Mapping OpenVPX onto the Backplane

VPX P1 VPXP1
) 3 Slot 1 Slot 4
Slot 1 through Slot 4 — Model 53661 — [cror |

EPO1

FP A maps to Exp Plane EP0O1 (Sum In) —

EP02 [ = EP02
FP B maps to Exp Plane EP02 (Sum Out) —

FP D maps to Exp Plane DP01 (PCle x4)\ P Pe
DPO1 DPO1

53661 53661
VPX P1 VPX P1

Slot 2 Slot 3

EPO1 = = EPO1

EPO02 EPO02

FPC FPC

DPO1 DPO1

53661 53661

VPX P1
DPO1 | DP02 | DP0O3 | DP04 Slot 5 CPU




=emrei< Mapping OpenVPX onto the Backplane

VPX P1 VPX P1
) B Slot 1 Slot 4
Slot 1 through Slot 4 — Model 53661 P [cror |

FP A maps to Exp Plane EP0O1 (Sum In) —
FP B maps to Exp Plane EP02 (Sum Out) —

EPO2 [T == EP02

FP D maps to Exp Plane DP01 (PCle x4) e FPC

= Slot 5 - CPU \ DPO1 DPO1
FP A maps to Data Plane DP01 ) o0et 53661

FP B maps to Data Plane DP02 > VPX P1 —

Slot 3

FP C maps to Data Plane DP03
FP D maps to Data Plane DP04 )

= Not all links are required

Links in blue can be removed from
drawing for clarity

— == EPO1

EP02

FPC

DPO1

53661

VPX P1
Slot 5 CPU

DPO1 | DP02 | DP0O3 | DP04




=e=raw=i<  Simplified Backplane Interconnections

VPX P1 VPX P1
Slot 1 Slot 4
EPO1 EPO1
EP02 [ g
PG FPC
DPO1 Eaol
S3661 53661

VPX P1

Slot 3
EPO1 =1 | =Y
EPO2 EPO2
FpC FPC
DPO1 DPO1
p—— 53661

VPX P1

DPO01 | DP02 | DP03 | DP04 Slot 5 CPU




=ermarei<  Modules installed in the backplane

= |Install four 3U VPX 53661 beamformer modules in payload slots 1 through 4

= Install a 3U VPX PCle CPU in payload slot 5 (bottom)

VPX P1 VPX P1
Slot 1 Slot 4
4X Sum In 4X Sum In
AURORA EPO1 EPO1 AURORA
Model 53661 BEAMFORM BEAMFORM Model 53661
4X 4X
SUMMATION Sum Out’ Epo2 | epoz | Sum Out SUMMATION
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5— 200 MHz DDC 1 o FPC FPC P DDC 1 200 MHz | o o
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X4 X4
53661 53661
200 MHz DDC 3 . < DDC 3 200 MHz
> 161t AD[ | G+ Phase g 7 L« G + Phase |[€7] 16-bit A [€®
200 MHz DDC 4 n < DDC 4 200 MHz
S l6itAD[ T| G+ Phase ” VSPIX F;1 VSF:X P31 h G + Phase | €] 16-bit aD [ €
ot ot
4X Sum In 4X Sum In
AURORA [¢ EPO1 — — EPO1 AURORA
Model 53661 BEAMFORM BEAMFORM Model 53661
4X Sum Out 4X
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JVVY VY JVVY VY
200 MHz DDC 1 o FPC FPC P DDC 1 200 MHz
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X e X: e
200 MHz DDC 2 g < »| DPO1 DPO1 [« > P DDC 2 200MHz | ¢ o
> (6wt AD[ | G + Phase »| PCle PCle [ G + Phase [€]16-bit AD
200 MH DDC 3 xa 53661 53661 xa DDC 3
z > < 200 MHz
@150t an[ | G+ Phase g 7 LI« G + Phase [ €] 16-bit AD [€®
VPX P1
200 MHz DDC 4 - DPO0O1 | DP02 | DP0O3 | DP04 P DDC 4 200 MHz
O i6-bit AD| T| G + Phase i Slot 5 CPU = G + Phase | €] 16-bit ap [€©




=erare=i< P(Cle control and data connections to CPU

= Provides four x4 PCle data plane fat pipes between CPU and each 53661
= Delivers 16 sets of beamforming coefficients to 16 DDCs

VPX P1 VPX P1
Slot 1 Slot 4
4X Sum In 4X Sum In
AURORA EPO1 EPO1 AURORA
Model 53661 | BEAMFORM | 4x sum Out 4xSumout | BEAMFORM | Model 53661
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=ersmer< . Begmformed sum propagation paths

= Expansion Plane fat pipes join the four 53661s to propagate the 4X Aurora
beamformed summation data in a daisy chain through the boards

VPX P1 VPX P1
Slot 1 Slot 4
4X Sum In 4X Sum Out
AURORA [% EPO1 EPO1 |« AURORA
Model 53661 BEAMFORM 4X Sum O 4x Aurora 4x Aurora 4X Sum In BEAMFORM Model 53661
SUMMATION A EPO2 ﬁ SUMMATION
VY VY AAAA
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200 MHz DDC 3 . < DDC 3 200 MHz
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ot
AURORA AURORA
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AAAA AAAA
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X e X: e
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T S X4 53661 53661 X4 S5C3
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@150t an[ | G+ Phase g 7 L« G + Phase [ €] 16-bit AD [€®
VPX P1

200 MHz DDC 4 - DPO0O1 | DP02 | DP0O3 | DP04 P DDC 4 200 MHz

O i6-bit AD| T| G + Phase i Slot 5 CPU = G + Phase | €] 16-bit ap [€©




=eEmaTeE Fingl sum delivered via PCle to CPU

= Final summation flows across x4 PCle link from last 53661 module in slot 4
to CPU card in slot 5

VPX P1 VPX P1
Slot 1 Slot 4
4X Sum In 4X Sum Out
AURORA [% EPO1 EPO1 |« AURORA
Model 53661 BEAMFORM BEAMFORM Model 53661
ax
SUMMATION Sum Out’ EP02 ey X Sum In SUMMATION
JVVYYY 2444
5— 200 MHz DDC 1 o FPC FPC P DDC 1 200 MHz | o o
16t AD| > G + Phase g x4 PCle x4 PCle x4 PCle x4 PCle ) G + Phase [+ 65it WD
200 MHz DDC 2 o < » DPO1 DPO1 P DDC 2 200 MHz
> (6wt AD[ | G + Phase »| PCle PCle € G + Phase [€ ] 16-bit A [€©
X4 X4
53661 53661
200 MHz DDC 3 . < DDC 3 200 MHz
> 161t AD[ | G+ Phase g 7 L« G + Phase |[€7] 16-bit A [€®
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ot ot
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X e X: e
200 MHz DDC 2 g < »| DPO1 DPO1 [« > P DDC 2 200MHz | ¢ o
> (6wt AD[ | G + Phase »| PCle PCle [ G + Phase [€]16-bit AD
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z > < 200 MHz
@150t an[ | G+ Phase g 7 LI« G + Phase [ €] 16-bit AD [€®
VPX P1
200 MHz DDC 4 - DPO0O1 | DP02 | DP0O3 | DP04 P DDC 4 200 MHz
O i6-bit AD| T| G + Phase i Slot 5 CPU = G + Phase | €] 16-bit ap [€©




EERTER . Summary

P T

= FPGA-Based Model 53661 3U VPX Module
Xilinx Virtex-6 FPGA: Scalable up to 2016 DSP Engines

Includes all critical beamforming IP functions

Four A/Ds, four DDCs with Phase & Gain Adjustments
Summation Block with Aurora Summation over VPX P1
VPX P1 PCle interface to PCI-X bus on for control

= OpenVPX: An Excellent Embedded Architecture Solution

Supports multiple protocols

Eliminates backplane bottlenecks with fast, dedicated gigabit serial links
Presents a well defined, standard nomenclature for system components
Provides standard profiles for cards, slots, backplanes and chassis

Improves MTBF and MTTR through modular design and backplane interconnects
Defines forced-air, circulating liquid, and conduction cooled strategies

Supports severe environmental requirements for rugged applications

Offers a high degree of scalability
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