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Machine Learning

“A computer Is said to learn from experience E
with respect to some class of task
T and performance measure P, if its
performance at tasks in T, as measured by P,

improves with experience E.

—Tom Mitchell



Supervised Machine
|_earning

A training data set consisting of examples of pulsar
candidate plots Is provided to the machine learning
algorithm.

The data set is labelled with candidates that are
pulsars and non-pulsars.

The candidate plots are represented by a set of
variables known as features.

A classifier is produced by the algorithm to separate
the data.



Pulsar Candidate Plot - The Important Bits

2 Pulses of Best Profile Search Information
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Signal appears
across the
bandwidth of the
observation.

The reduced x2 against
dispersion measure (DM)
curve shows a symmetric

peak at a

certain DM value
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Producing Features from the
Candidate Plots

 Lyon et al (2016) used 8 features obtained from just the
oulse profile and the reduced X against DM curve.

* Using the variable on the y-axis of each plot to calculate:
e sample mean
e standard deviation
e skewness

e oxcess kurtosis



Boxplots of the Features
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Boxplots showing the linear separability of each features used by Lyon et al (2016) on 90000 pulsar and non-
pulsar candidates obtained from the HTRU pulsar survey (Morello et al. 2014).



Choosing the data for
| OTAAS the training set

* Lyon et al (2016) compiled a training set that
consists of 66 pulsars and 4987 non-pulsar
candidates.

 [he candidates were obtained from early survey
data, where manual inspection of candidates with
high signal-to-noise ratio is done.



Decision Tree Classifier

 The features obtained from Split test parent node
the pulsar candidates are x1< 6 x1> 0
then used as input for the

. - Leaf node
decision tree classitier. ® ©
[— best split point

 Classifier produced on the ?

LOTAAS data shows a 99% T /\ T /\ Tﬁ
accuracy. s L L

Possible Split Variables




|lssues with the Current
Classifier

* The current classifier employed appears to be less
effective at identifying pulsars with wide pulse
profiles and highly scattered pulsars.

* These pulsars are known to be detectable within
the field of view of the LOTAAS pointing but are
sometimes not classified as pulsars by the
classifier.



2 Pulses of Best Profile

Phose
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Examples of Pulsars Not
Detected by the Classitier
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B2027+37 - The pulsar has a long scattering talil,
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New Features

e \We calculated the correlation coefficients between

each sub-band and the pulse profile. The same is
done for each sub-integration and the pulse profile.

e [he mean, standard deviation, skewness and
excess kurtosis of the correlation coefficients are

then calculated.
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Classitying RFl candidates

* We assigned a third classification for candidates
that are consists of known RFI instances. Plots
below show the 2 most common RFI instances.

2 Puises of Best Profile Search information 2 Puses of Best Profile Search Information
Cendidote: ACCEL_Cond 2 mm - 06:22:26.0000 oecm - 16:12:55.0000 Cendidote: ACCEL _Cond ' RAM - 16:58:47.0000 DECm - 38:12:48.0000
Telescope: LOFAR t F Pgrometers Telescope: LOFAR t F Pgrometers
t;oov\.. = 57450.75208333333  Reduced x° = 1.961 P(Nose) < 6.79%e-05 (a380) Epoch,, = S743227777777778  Reduced x° = 5.346  P(Nose) < 5.32¢-80 (&16.30)
Eooc'\,, - 57459 75414308686 D‘mn Neoasure (ON: oc/c'-v’) - 6236 Eooc'\_, - B7432.27B02495399 wan Neosure (ON: pe/em®) = 4.156
0.00049152 ,.. (3) = aoowuws; (ms) = 10, 0007515(15; . = 0.00049152 ‘.. (ma) = 194 99980(12)° ._’ (ms) = 192, 00971(113
| Ooto Folded = 7311340 (-/-)’)- =1.2(3.3)x10" ,,, (s/3), = =1.9(3.3)x10" ] Doto Folded = 7311340 ..,. (s/8) = 0.10250107° P, (s/s) = 0.02.5u10" "
i Do:o Avg - ~6.682e-17 P g (3/87) = 0.0(6.00107" P (s/s") = 0.0(6.0)x107"" Da:o Avg “ =7.00%e-16 e (3/37) = 0.0{4.5)x10" __, (8/5%) = 0.0(4.8)x10"
Deto S:dDev = 2590 Binery Poremetens Deto SidDev = 2807 Binery Poremetens
- Profile Bins = 50 Py (3) = N/A o= N/A r Profile Bins = 100 (s) = N/A o= N/A
Profie Avg = 49.07 o,sn()/c (s) = N/A w (rod) = N/A Profie dvg = -3479 o,-n(i)/c (s) = N/A w (rod) = N/A
Profle SteDev =« 9.907e+0% YM “ N/A ' Profie SteDev =« 7.59e+08 7..,‘ - N/A
. Ty 7'7.1»8 v v TN, [ ‘.lo AL ORI - _"-8 - v v v ™ %
o ——— 3 ; l«w« -q; E‘{r ﬂ“‘"ﬂ ” i . ! A iv )
- Wik .J' ! O 1 y : L Ia.
.. . 3 3 "\.’ m ‘.‘K“'h “w‘~ e R s ‘C 3
© § J Sase S ‘::G Satd ] .= § J ' o et o awio® 1o
o ,g}‘ Pedot ~ 69558013 (3/s) \"v '(”!,ﬁ 4 o »g’f Pedot ~ 10002011 (s/9)
§ S M‘r w.‘, 2 § : .
: ; T ;“g 1 : ; . ) ; 5 Iy : e
3t 33 === = ; 3 % 1% 38 : } 1 %
= & 2
-~ + A8 ) - [ - . 2 A
§ it o i . . ‘ T T
- Poriod - 100019”99 () 1 s Poriod ~ 192.00005313 (ms)
;‘é Freq - 99937‘309 (Hz) _ - ;k 7 7 7 . Freq — 5208307 (Hz)
§ o . - -~ . 'g w =St w10t A= § o -8 . -3 0 2107 -
“ 0 o4 08 12 16 2 =¥ ’ Z ;&J ;;w‘} "W} a{,¢.c & 3 : 3
pho" " a‘ . 8 ‘ | ¢ ‘ 1' . = " 9_
v o prrerr———— { s |« 1 5
© "™a % ° 3 R W S g o 5
- bl < 2 2 =x 3 o
iak T ’ e | 3 3 ’
4 i 3 3 : §1 3
a -] v
o o A L L F ) o 0 o > i
0 05 1 15 2151050 &15 62 625 63 a ‘s 0 ot 0 o.s T 4 2 0 . a5 5 d oo sed o -aew -am o
Phose Reduced ¥ DM (pe/cm?) Period ~ 10.00121129 (ms) Phase Reduced ¥ DM (pe/cm®) Period ~ 192.00095313 (ms)
L434164_SAP0_BEAMG2.1 21-Ugr-2086 01:13 L4288B64_SAFP2_BEAM23.M 23-Feb-2016 2227

Narrow band RFl Broad band RFI



New [raining Data

 We obtained candidate plots from 236 unique known pulsars
detected by LOTAAS, including those that are overlooked by the
current classitier.

 We also added 26 candidate plots of pulsars observed by LOFAR
for the LOFAR HBA census on pulsars (Bilous et al. 2016).

e [he non pulsar candidates are consists of 548 noise candidates
and 60 RFI instances.

Examples of unique
pulse profiles from
LOFAR HBA census
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Deviation from Noise
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Current Progress

* A new decision tree classifier is made using the new training
data set with the new features. The tree is able to identity
pulsars that are misclassified by the previous classifier.

* The validity of the classifier is currently being tested on
several iIndependent test data sets.

1. An second data set using different detections of the

pulsars detected by LOFAR and other instances of
noise and RFI.

2. 2 sets of labelled data from the HTRU pulsar survey by
Thornton et al. (2014) and Morello et al. (2014)



