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SETI@home Evolution
1.  Evolution of technology

2.  Evolution of our volunteer base

... drive ...

3.  Evolution of the SETI@home client

4.  Evolution of the SETI@home server

5.  Evolution of backend processing

6.  Evolution of additional applications



Technology Evolution



Technology Evolution



GPU Based Computing



Evolving technology at the Evolving technology at the 
telescopetelescope

Photos Courtesy NAIC Arecibo Observatory, a facility of the NSFPhotos Courtesy NAIC Arecibo Observatory, a facility of the NSF



Arecibo L-band Feed Array (ALFA)Arecibo L-band Feed Array (ALFA)



Commensal Observations with Commensal Observations with 
G-ALFA and P-ALFAG-ALFA and P-ALFA



Volunteer Base
Optimization of the SETI@home application enabled by 
open source transition.

● Current “stock” application 8-12x faster than the original 
SETI@home code

● Processor pecialized versions available online that are 
2-3x faster than the “stock” app.



Volunteer Base



Volunteer Base



Volunteer Base



Volunteer Base



Overall
The computing power available to SETI@home has 
continued to increase.

This allows us to increase the complexity of the algorithms 
contained in SETI@home.



The SETI@home ClientThe SETI@home Client

Baseline subtract to remove broadband variations (21cm hydrogen line)Baseline subtract to remove broadband variations (21cm hydrogen line)

for Doppler drift rates from for Doppler drift rates from -100-100 Hz/s to  Hz/s to +100+100 Hz/s {  Hz/s { 
for bandwidths from 0.075 to 1220 Hz in 2X steps {for bandwidths from 0.075 to 1220 Hz in 2X steps {

Generate time ordered power spectra. Generate time ordered power spectra. 
Search for short duration signals above a constant threshold (spikes)Search for short duration signals above a constant threshold (spikes)
for each frequency in the power spectra { for each frequency in the power spectra { 

Search for faint signals matching beam parameters (Gaussians)Search for faint signals matching beam parameters (Gaussians)
Search for groups of three evenly spaced signals (triplets)Search for groups of three evenly spaced signals (triplets)
Search for faint repeating pulses (pulses) Search for faint repeating pulses (pulses) 

} } 
} } 

} } 



Changes to the SETI@home Application
1.  Bug fixes

Chirp rates off by 2X.

Typo in incomplete gamma function.

 



Changes to the SETI@home Application

2. Gaussian fitting.

Originally tried to combine goodness of fit and power into one 
parameter.  (Dominated by powerful, poor fitting Gaussians).

Now use χ2 of Gaussian fit (P
g
>0.05) and χ2 of null hypothesis (P

n
<2.5x10-8). 



GaussiansGaussians
• χχ2 2 fit to beam fit to beam 

profile (vs time)profile (vs time)..

• Gaussian fit must be Gaussian fit must be 
below a below a χχ2 2 threshold threshold 
and null hypothesis and null hypothesis 
test must be above test must be above 
a a χχ2 2 thresholdthreshold

• Score proportional Score proportional 
to log probability of to log probability of 
arising due to noisearising due to noise

• Sensitivity Sensitivity 
~2.1x10~2.1x10-25-25 W/m W/m22



Changes to the SETI@home Application
3.  Pulse Finding:

Triplets.  Three evenly spaced spikes above variable threshold 
within 1 beam crossing time.

Minimal CPU time required.

Linear period spacing.



TripletsTriplets

• Three evenly spaced Three evenly spaced 
spikes above 7.75X spikes above 7.75X 
the mean power the mean power 
(1.9X10(1.9X10-25-25 W/m W/m22) ) 
within 1 beam within 1 beam 
crossing time.crossing time.



PulsesPulses
Folding:Folding:

                  0                                    N/3                               2N/3                                 N0                                    N/3                               2N/3                                 N

                                                        ++

                                                        +       +       

                

                  0  ___________________ N/30  ___________________ N/3

                    0                N/60                N/6

                    0       N/12 0       N/12 

                    ....  down to 2 bins at each step looking for items above threshold                 ....  down to 2 bins at each step looking for items above threshold                 



PulsesPulses
Folding:Folding:

                  0                               (N-1)/3                           2(N-1)/3                               N-10                               (N-1)/3                           2(N-1)/3                               N-1

                                                        ++

                                                        +       +       

                

                  0  ___________________ (N-1)/30  ___________________ (N-1)/3

                    0                (N-1)/60                (N-1)/6

                    0    (N-1)/12 0    (N-1)/12 

                    ....  down to 2 bins at each step looking for items above threshold                 ....  down to 2 bins at each step looking for items above threshold                 



PulsesPulses
Folding:Folding:

                  0                      N/4                  2N/4+1              3N/4+10                      N/4                  2N/4+1              3N/4+1

                                            ++

                                            +       +       

                

                  0  __________  N/4+10  __________  N/4+1

                    0         N/8+10         N/8+1

                    0   N/16+1 0   N/16+1 

                    ....  down to 2 bins at each step looking for items above threshold                 ....  down to 2 bins at each step looking for items above threshold                 



PulsesPulses
Folding:Folding:

                  0                      N/4                    N/4                   3N/4                     N0                      N/4                    N/4                   3N/4                     N

                                          

              

                

                  0  __________  N/40  __________  N/4

                    0         N/80         N/8

                    0   N/16 0   N/16 

                                                

Periods searched: 
[N/(3 ×2n)] to [N/(4×2n)] in steps of [1/(3 ×2n)] with n=0-log2([N/3])-1
[N/(4 ×2n)] to [N/(5×2n)] in steps of [1/(4 ×2n)] with n=0-log2([N/4])-1
[N/(5 ×2n)] to [N/(6×2n)] in steps of [1/(5 ×2n)] with n=0-log2([N/5])-1



PulsesPulses
Threshold for folding:Threshold for folding:

Defining threshold based upon the variance doesn't work.Defining threshold based upon the variance doesn't work.

Statistics approach Gaussian at nStatistics approach Gaussian at nσσ as number of samples per  as number of samples per 
bin approaches nbin approaches n22.  .  

So at 25So at 25σσ, you need to add ~600 samples to a bin.  Our , you need to add ~600 samples to a bin.  Our 
samples per bin vary from 3 to 20480.samples per bin vary from 3 to 20480.

Fortunately basic math still works.Fortunately basic math still works.

      P(>T) = mQ(n,T)P(>T) = mQ(n,T)

where m=size of the folded array, n=number of samples per where m=size of the folded array, n=number of samples per 
bin in the folded array, T=threshold andbin in the folded array, T=threshold and

      Q(n,T)=1/Q(n,T)=1/ΓΓ(n) (n) ∫∫
00
T T ee-t-t t tn-1n-1 dt dt

Just invert Q to get T for a constant probabilityJust invert Q to get T for a constant probability



PulsesPulses

• Modified Fast folding Modified Fast folding 
algorithm w/ algorithm w/ 
dynamic thresholddynamic threshold

• Logarithmically Logarithmically 
spaced periods from spaced periods from 
3ms to 35s3ms to 35s

• Sensitivity as low as Sensitivity as low as 
2.5x102.5x10-27-27 J/m J/m22



SpikesSpikes

• Power distribution in Power distribution in 
the Fourier the Fourier 
transformed data is transformed data is 
exponential if no exponential if no 
RFI.RFI.

• SPIKE: Any bin in the SPIKE: Any bin in the 
spectrum above 25X spectrum above 25X 
the mean power the mean power 
(2.2x10(2.2x10-25-25 W/m W/m22))



Why two pulse detection algorithms?Why two pulse detection algorithms?



RFI RemovalRFI Removal
• RFI: RFI:   

– Persistent over timePersistent over time

– Not stable in sky coordinatesNot stable in sky coordinates

– Can be drifting in frequencyCan be drifting in frequency

• RFI Removal:RFI Removal:  

– Zone RFI removalZone RFI removal

• Remove frequency or period ranges in a given time Remove frequency or period ranges in a given time 
intervalinterval

– Chirped RFIChirped RFI

• If power is high it will be detected as frequency stable in If power is high it will be detected as frequency stable in 
low resolution spectralow resolution spectra

• If chirp is linear over long enough time it can be identifiedIf chirp is linear over long enough time it can be identified

• If chirp is non linear other techniques need to be If chirp is non linear other techniques need to be 
developed (work in progress)developed (work in progress)



RADARRADAR
Wasn't a problem on the less sensitive flat feed.Wasn't a problem on the less sensitive flat feed.

Renders our data unusable if not correctedRenders our data unusable if not corrected



RADARRADAR
• Hardware radar blanking signalHardware radar blanking signal

– Only blanks the most powerful radar.Only blanks the most powerful radar.

– Sometimes misses even that.Sometimes misses even that.

• Software radar blanking (in development)Software radar blanking (in development)
– Can blank the other 6 radars we seeCan blank the other 6 radars we see

– Convolves data with the radar patterns to Convolves data with the radar patterns to 
determine which patterns are seen, then determine which patterns are seen, then 
generates file of time offsets to blank.generates file of time offsets to blank.

– Can be use to recover data from before we Can be use to recover data from before we 
recorded the hardware blanking signal.  recorded the hardware blanking signal.  



Candidate IdentificationCandidate Identification
• Candidate:Candidate: A signal or group of signals  A signal or group of signals 

– Within a positional window (~1 beamwidth typ.)Within a positional window (~1 beamwidth typ.)

– Within a frequency window (variable)Within a frequency window (variable)

– Above a score or power threshold (variable)Above a score or power threshold (variable)

– With time separation » typical transient RFI timescaleWith time separation » typical transient RFI timescale

• Score:Score:  
– Relative ranking of a candidate’s probability of arising due Relative ranking of a candidate’s probability of arising due 

to random noise.to random noise.

– Should be independent of signal typeShould be independent of signal type

– Can also include probability of coincidence /w celestial Can also include probability of coincidence /w celestial 
objectsobjects



Gaussian CandidatesGaussian Candidates
Likely RFI 





Pulse CandidatesPulse Candidates
250k Candidates250k Candidates
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Example Pulse CandidateExample Pulse Candidate



Pipeline and ReobservationPipeline and Reobservation
• Used to run candidate identification rarelyUsed to run candidate identification rarely

– NTPCkrNTPCkr

• Feb 2003, reobserved the 200 best Feb 2003, reobserved the 200 best 
candidates we had at the time.candidates we had at the time.
– Only one candidate improved in score.Only one candidate improved in score.
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AstroPulse (Search for broadband AstroPulse (Search for broadband µµs pulses)s pulses)
Josh von KorffJosh von Korff

Signal types:  Signal types:  
•    Single pulsesSingle pulses
•    Repeating pulses (fast folding)Repeating pulses (fast folding)
•    Microsecond to millisecond scale (broadband)Microsecond to millisecond scale (broadband)

Possible sources:Possible sources:
•    ETIETI
•    Extragalactic transient pulsesExtragalactic transient pulses
•    Primordial (Primordial (1015) g black holes, exploding due to Hawking radiation
•  Repeating signals from pulsars
•  Giant pulses from pulsars
•  RRATs (rotating radio transients)
•  New phenomena



Astropulse motivationAstropulse motivation

•SETI projects have not searched for radio transient communications SETI projects have not searched for radio transient communications 
•Exploding black holes have never been detected.  Could confirm the Exploding black holes have never been detected.  Could confirm the 
theory of Hawking radiation & gain information about the early theory of Hawking radiation & gain information about the early 
universe.  Or, place limits on the rate of black hole explosionsuniverse.  Or, place limits on the rate of black hole explosions
•  New binary pulsars could help test GR.New binary pulsars could help test GR.
•  New fast pulsars could help detect gravitational wavesNew fast pulsars could help detect gravitational waves
•  RRATs were recently discovered, and little is known about themRRATs were recently discovered, and little is known about them
•  Lorimer et al. extragalactic pulse is the only known pulse of its kind. Lorimer et al. extragalactic pulse is the only known pulse of its kind. 
 We should be able to get statistical distributions of such pulses. We should be able to get statistical distributions of such pulses.



Parameter space: dispersion Parameter space: dispersion 
measuremeasure

Broadband signals are dispersed by the interstellar Broadband signals are dispersed by the interstellar 
medium:medium:



Coherent and incoherent Coherent and incoherent 
dedispersiondedispersion
Incoherent dedispersion:Incoherent dedispersion:

•    Signal is broken into sub-bands, which are reassembledSignal is broken into sub-bands, which are reassembled

•    Practical limit of about 50 us time resolution @      Practical limit of about 50 us time resolution @          
DM=1000 cmDM=1000 cm-3-3 pc  pc 

Coherent dedispersion:Coherent dedispersion:

•    Requires more computing powerRequires more computing power

•    No numerical lower limit on time resolution.No numerical lower limit on time resolution.



Coherent DedispersionCoherent Dedispersion



Coherent DedispersionCoherent Dedispersion



Astropulse clientAstropulse client

... Astropulse has a different client program... Astropulse has a different client program



15x more sensitive than previous 15x more sensitive than previous 
studies looking for exploding PBHstudies looking for exploding PBH

log (min detectable rate),where rate is in pclog (min detectable rate),where rate is in pc-3-3 yr yr-1-1

Assume a 10^11 gram black hole, = 10^32 ergsAssume a 10^11 gram black hole, = 10^32 ergs
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Very sensitive to radarVery sensitive to radar

log (min detectable rate),where rate is in pclog (min detectable rate),where rate is in pc-3-3 yr yr-1-1

Assume a 10^11 gram black hole, = 10^32 ergsAssume a 10^11 gram black hole, = 10^32 ergs



Very sensitive to radarVery sensitive to radar

log (min detectable rate),where rate is in pclog (min detectable rate),where rate is in pc-3-3 yr yr-1-1

Assume a 10^11 gram black hole, = 10^32 ergsAssume a 10^11 gram black hole, = 10^32 ergs



Radar RejectionRadar Rejection
• Blanking Signal in SplitterBlanking Signal in Splitter

• Radar detection and blanking in the Radar detection and blanking in the 
applicationapplication

• Reject times when radar is bad (more than Reject times when radar is bad (more than 
5% of workunit is blanked due to radar.5% of workunit is blanked due to radar.

• DM based rejection (same DM seen at DM based rejection (same DM seen at 
different times on different parts of the sky.different times on different parts of the sky.



Radar RejectionRadar Rejection



Radar RejectionRadar Rejection



Radar RejectionRadar Rejection



Radar RejectionRadar Rejection



Radar RejectionRadar Rejection



Radar RejectionRadar Rejection



Radar RejectionRadar Rejection



What's next?What's next?
• Frequency stepping.Frequency stepping.

• Wider band?Wider band?

• Cross polarization analysis in client?Cross polarization analysis in client?

• New RFI rejection algorithms?New RFI rejection algorithms?

• Other telescopes?Other telescopes?
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