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Abstract

The exploitation of low correlation sequences called Almost Difference Sets (ADSs) is
considered for the design of correlator arrays for radio astronomy
applications. More specifically, an hybrid ADS-GA design method is presented and
applied to the synthesis of open-ended “Y ” and “Cross” array configurations.



MATHEMATICAL FORMULATION

Quantities related to the radioastronomy array

e Number of total array elements: N

e Array element location: (z;,v;), it =0,...,N —1

e Baselines location: by, = (2, v:) — (x5,y5), ¢ # J

e Number of baselines: B

e Number of gridded baselines: B

e Earth rotation duration: H

e Discretization of earth rotation: Ah

e Number of baselines after earth rotation: Bg

e Number of gridded baselines after earth rotation: Bg

e Gaussian tapering: T' [dB|

Quantities related to the GA

e Population size: P
e Iteration number: [
e Crossover probability: pe

e Mutation probability: p,

Fitness definition: F:axﬁ+ﬁx%+7x%+5xfg



TEST CASE

GOAL: minimize the PSL of a triangular shaped array by means of ADSs chosen by means of a GA. The
same ADS is employed in the three arms, with different shifts.

e Number of array arms: A
e Arm length: L;,i=0,..,A—1
e Number of array elements for each arm: N;, i =0,.., A —1 (N = Z:‘:_Ol N;)

e Array rotation with respect to north-south: p [deg|

Test Case Description

Geometry:

e Triangular array: A =3

L; =21 [Km]|Vi€0,..,A—1

Element number: N; =9 Vi €0,.., A — 1 (the same ADS is employed in the three arms)

e Unconstrained last elements (lattice spacing: d; = Nfil)
* p=0[deg]
o T'=—15[dB]

Geographical information:
e Array rotation duration: H = 8 [h]
e Sampling step: Ah =5 [min]
e Latitude: 34 [deg]
e Elevation: 0 [deg]
e Declination: 34 [deg]
Numerical simulation parameters:
e Grid discretization: Gx x Gy = 128 x 128
e Grid dimension: Dx x Dy = 50000 x 50000 [\?]
e FFT dimension: Fr x Fpy =512 x 512

GA parameters:

o« P=20
o I =400
e pe =09
e p, =001

a=1,=y=6=0



RESULTS

Fitness and PSL behaviour
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TEST CASE

GOAL: minimize the PSL of a triangular shaped array by means of ADSs chosen by means of a GA. The
same ADS is employed in the three arms, with different shifts.

e Number of array arms: A
e Arm length: L;,i=0,..,A—1
e Number of array elements for each arm: N;, i =0,.., A —1 (N = Z:‘:_Ol N;)

e Array rotation with respect to north-south: p [deg|

Test Case Description

Geometry:

e Triangular array: A =3

L; =21 [Km]|Vi€0,..,A—1

Element number: N; =9 Vi €0,.., A — 1 (the same ADS is employed in the three arms)
e Constrained last element of each arm (arm length is constant, spacing is not constant)

p =0 [deg]

o T'=—15[dB]

Geographical information:
e Array rotation duration: H = 8 [h]
e Sampling step: Ah =5 [min]
e Latitude: 34 [deg]
e Elevation: 0 [deg]
e Declination: 34 [deg]
Numerical simulation parameters:
e Grid discretization: Gx x Gy = 128 x 128
e Grid dimension: Dx x Dy = 50000 x 50000 [\?]
e FFT dimension: Fr x Fpy =512 x 512

GA parameters:

o« P=20
o I =400
e pe =09
e p, =001

a=1,=y=6=0



RESULTS

Fitness and PSL behaviour
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TEST CASE

GOAL: minimize the PSL of a triangular shaped array by means of ADSs chosen by means of a GA. The
same ADS is employed in the three arms, with different shifts.

e Number of array arms: A
e Arm length: L;,i=0,..,A—1
e Number of array elements for each arm: N;, i =0,.., A —1 (N = Z:‘:_Ol N;)

e Array rotation with respect to north-south: p [deg|

Test Case Description

Geometry:

e Triangular array: A =3

L; =21 [Km]|Vi€0,..,A—1

Element number: N; =9 Vi €0,.., A — 1 (the same ADS is employed in the three arms)

e Unconstrained last elements (lattice spacing: d; = Nfil)
* p=>5[deg]
o T'=—15[dB]

Geographical information:
e Array rotation duration: H = 8 [h]
e Sampling step: Ah =5 [min]
e Latitude: 34 [deg]
e Elevation: 0 [deg]
e Declination: 34 [deg]
Numerical simulation parameters:
e Grid discretization: Gx x Gy = 128 x 128
e Grid dimension: Dx x Dy = 50000 x 50000 [\?]
e FFT dimension: Fr x Fpy =512 x 512

GA parameters:

o« P=20
o I =400
e pe =09
e p, =001

a=1,=y=6=0



RESULTS

Fitness and PSL behaviour
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TEST CASE

GOAL: minimize the PSL of a triangular shaped array by means of ADSs chosen by means of a GA. The
same ADS is employed in the three arms, with different shifts.

e Number of array arms: A
e Arm length: L;,i=0,..,A—1
e Number of array elements for each arm: N;, i =0,.., A —1 (N = Z:‘:_Ol N;)

e Array rotation with respect to north-south: p [deg|

Test Case Description

Geometry:

e Triangular array: A =3

L; =21 [Km]|Vi€0,..,A—1

Element number: N; =9 Vi €0,.., A — 1 (the same ADS is employed in the three arms)
e Constrained last element of each arm (arm length is constant, spacing is not constant)

p =75 [deg]

o T'=—15[dB]

Geographical information:
e Array rotation duration: H = 8 [h]
e Sampling step: Ah =5 [min]
e Latitude: 34 [deg]
e Elevation: 0 [deg]
e Declination: 34 [deg]
Numerical simulation parameters:
e Grid discretization: Gx x Gy = 128 x 128
e Grid dimension: Dx x Dy = 50000 x 50000 [\?]
e FFT dimension: Fr x Fpy =512 x 512

GA parameters:

o« P=20
o I =400
e pe =09
e p, =001

a=1,=y=6=0

12



RESULTS

Fitness and PSL behaviour
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RESUME: PSL MINIMIZATION, SAME ADS for all arms, DIF-
FERENT SHIFTS

PSL behaviour with respect to iteration number for optimal arrays
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Overall observations:

e The reported results show that there is not a significant dependency of the obtained PSL from the
considered rotation angle (p) or the constrained/unconstrained geometry, since all the optimal solutions
provide a PSL which is between —17.65 dB and —17.4 dB.

e However, it turns out that constrained and rotated geometries provide a slightly better P.SL behaviour.

e It has to be remarked that, in all cases, the obtained PSL is far from that of 2]
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TEST CASE

GoOAL: minimize the PSL of a triangular shaped array by means of ADSs chosen by means of a GA.
Different ADSs are employed in the three arms, with different shifts.

e Number of array arms: A
e Arm length: L;,i=0,..,A—1
e Number of array elements for each arm: N;, i =0,.., A —1 (N = Z:‘:_Ol N;)

e Array rotation with respect to north-south: p [deg|

Test Case Description

Geometry:

e Triangular array: A =3

L; =21 [Km]|Vi€0,..,A—1

Element number: N; <9Vie€0,..,A—1

Unconstrained last elements on each arm (lattice spacing: d; = ﬁ, i€0,.,A—-1)

p =0 [deg]
o T =—15[dB]

Geographical information:
e Array rotation duration: H = 8 [h]
e Sampling step: Ah =5 [min]
e Latitude: 34 [deg]
e Elevation: 0 [deg]
e Declination: 34 [deg]
Numerical simulation parameters:
e Grid discretization: Gx x Gy = 128 x 128
e Grid dimension: Dx x Dy = 50000 x 50000 [\?]
e FFT dimension: Fr x Fpy =512 x 512

GA parameters:

o« P=20
o I =400
e pe =09
e p, =001

a=1,=y=6=0
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RESULTS

Fitness and PSL behaviour

Fitness [arbitrary unit]

PSL [dB]

0055 T T T T T T T

ADS-Based
005 | [Yin, 2009] -------- .
0.045 | R
0.04 | —
0.035 R
0.03 e
0.025 e
0.02 E
0.015 e

0005 1 1 1 1 1 1 1

0 50 100 150 200 250 300 350 400
Iteration number i
(a)

'12 T T T T T T T

ADS-Based
-13 | [Yin, 2009] -------- |
14 | .
_15 .
16 F ]
17 F .
-18 | .
19 F ]
20 F ]

_21 1 1 1 1 1 1 1

0 50 100 150 200 250 300 350 400
Iteration number i
(b)

Figure 10.

17



SUOIyeAIasqQ

y [km]

[2] 3o yeus woxy ey st motARYRq TG YL ®

8T
‘IT 2anSig

v [Ax1000]

ADS-Based array, N<27 ADS-Based array, N<27
30 T T T 400
Element location e
300
20 e B
M 200
10 1 N 1 100
. —
: g
2000
°r ohe 1 s
-100
b
-10 | = b -200
2
-300
20 , :
-400 - ‘ ‘
-500 -400 -300 -200 -100 O 100 200 300 400
-30 L L L L L u [Ax1000]
-30 -20 -10 0 10 20 30 : .
Baseline function W(u,v) -«
x [km]
(a) (b)
ADS-Based array, N<27
500 T T T T T T T T T
ADS-Based array, N<27
400 B
0
300 | 1 6
-5
200 B
4 10 =
100 N S 3
g2 45 2
0r 1 S, k]
50 20 2
-100 | g kS ﬁ
c
52 25 £
-200 | 1 o3 [
c -30 §
-300 | 1 -4
-35
-400 7 6
500 L L L s L | L L s -40
-500 -400 -300 -200 -100 O 100 200 300 400 500 6 4 -2 0 2 4 6

u [Ax1000] Right ascension [arcsec]
Rotated baseline function Wg(u,v)

(¢) (d)

uis)jed pue UOIjR[EIIOdOINE PaJRIOI ‘UHOIjR[aII0DOINE ‘AIjomI0ad Tewnyd(



TEST CASE

GoOAL: minimize the PSL of a triangular shaped array by means of ADSs chosen by means of a GA.
Different ADSs are employed in the three arms, with different shifts.

e Number of array arms: A
e Arm length: L;,i=0,..,A—1
e Number of array elements for each arm: N;, i =0,.., A —1 (N = Z:‘:_Ol N;)

e Array rotation with respect to north-south: p [deg|

Test Case Description

Geometry:

e Triangular array: A =3

L; =21 [Km]|Vi€0,..,A—1

Element number: N; <9Vie€0,..,A—-1

e Constrained last elements on each arm (arm length is constant, spacing is not constant)
p =0 [deg]

o T'=—15[dB]

Geographical information:
e Array rotation duration: H = 8 [h]
e Sampling step: Ah =5 [min]
e Latitude: 34 [deg]
e Elevation: 0 [deg]
e Declination: 34 [deg]
Numerical simulation parameters:
e Grid discretization: Gx x Gy = 128 x 128
e Grid dimension: Dx x Dy = 50000 x 50000 [\?]
e FFT dimension: Fr x Fpy =512 x 512

GA parameters:

o« P=20
o I =400
e pe =09
e p, =001

a=1,=y=6=0
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RESULTS

Fitness and PSL behaviour
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RESUME: PSL MINIMIZATION, DIFFERENT ADS for all arms,
DIFFERENT SHIFTS

PSL behaviour with respect to iteration number for optimal arrays
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Figure 14.

Overall observations:

e The reported results show that there is not a significant dependency of the obtained PSL from the
constrained /unconstrained geometry, since the optimal solutions provide a PSL which is very close.

e One can notice that allowing different ADS to be employed results in lower performances in the first
steps of the optimization, while essentially the same performances resulting in the previous case (same
ADS employed in all arms; the employed ADS correspond to the largest allowed in this case) are
actually obtained. This is due to the fact that the PSL minimization selects those arrays with the
maximum number of elements. As a consequence, in the last steps the two methods coincide (in both
cases, all the arms employs the same ADS), i.e. the largest allowed).

e It has to be remarked that, in all cases, the obtained PSL is far from that of 2]
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