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The Auger Detetor Layout
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Hard Real Time Network
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Implementation

Hard real-time network

Guaranteed bandwidth per station

Hard maximum paket delivery time

Asymmetri protool

Individual uplink per station

Broadast (shared) downlink to stations reserves most bandwidth for

uplinks

Frequeny band hoie

Modest frequeny to simplify RF design: 902-928 MHz

ISM band: No liense fees, omponents more readily available

Spread spetrum makes system robust against interferene

Frequeny hopping hosen for low power & ease of implementation

Government deree giving projet �rst priority in detetor region added

extra insurane
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Network Layout
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SD Station
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Tower
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Radios

Subsriber unit Base station
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Realized Network Parameters
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Comms Setors
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Pathloss Calulations

Wireless Data Networks Paris, February 2015 11/24



Error Rates
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TDMA

Asymmetri struture

68 uplink slots

6 downlink slots

2 slots used to double the downlink bandwidth

messages eah repeated 3 times to redue message error rate
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Throughput
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Comms Crisis

Lost events in in�ll (high rate region) ARQs in entire array

In April, 2009 there was a large inrease in lost pakets (& events) in in�ll region

T2 paket lost => missing data for entral trigger

T3 paket lost => missing event data for reonstrution

Correlated with an inrease in the ARQ rate

Eventually traked to the �swithing-on� of a transmitter outside of Auger

Inreased �noise� level =⇒ inreased ARQ rate

The problem was exaerbated by several fators

There was a bug in the radio �rmware in whih the 2nd arq blok did not get

�lled, utting maximum number of ARQ requests in half

Stations have limited event bu�ering & takes ~2 minutes to read event

Regular array: ~2 events/station/day, In�ll: ~1 event/station/10 min.
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10 Years On

Comms system has generally been extraordinarily reliable, but there is

room for improvement:

Issues

Bug in ARQ ode only disovered when bakground inreased in 2009

Custom hardware means obtaining spares non-trivial

Spares for Base Station Units limited

Forward error orretion ode ould be more robust

Retransmission of pakets uts into bandwidth

Start to lose data when trigger rate pushed beyond design rate -

insu�ient remaining bandwidth to read out traes

Broadast protool runs into problems downloading large �les

Even small error rate means many pakets need to be retransmitted

Can be easily �xed by implementing redundant network oding

Have been some problems with interferene from external transmitters

Not easy to trak down where the interfering signals originate

Use of dediated band, had one been obtainable would have been less

prone to interferene
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Developments for Auger North

The network topology used in Auger (South) is optimal for the terrain

Flat plateau surrounded by hills is ideally suited for diret links from

detetor stations to onentrator towers

However, that solution may not be optimal if

There is a lak of suitably plaed hills for towers

Tall towers are expensive

Terrain between towers is not suitably �at

Intervening hills an blok line of site from detetor stations

The planned Auger North site had rolling hills and no suitable tall hills

for towers

Therefore we embarked on the development of a peer-to-peer network

system

WAHREN

Wireless Arhiteture for Hard Real-time Embedded Networks
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2nd Order Power Chain
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Turning Corners
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Systoli Broadast
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TDMA Frame
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Covering an Area
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WAHREN Status

After Auger North did not get funding, ompletion of development left

an orphan

Redundant path ommuniation demonstrated in �eld tests with a

small number of stations

Development now halted due to lak of funded target projet

Could be piked up as basis of network for a future array
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Final Thoughts

+ Dediated RF band alloation redues possibility of outside

interferene

- Components more di�ult to �nd for dediated bands

- Dediated bands more likely available at higher frequenies

+ Custom solutions better suited for real time nature of arrays

- Custom solutions require RF engineering whih is hard and

therefore expensive

- The higher the frequeny the harder the

problem

- Custom solutions exaerbate spares problems
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