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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

• Number of total array elements: N

• Array element loation: (xi, yi), i = 0, ..., N − 1

• Baselines loation: bk = (xi, yi)− (xj , yj), i 6= j

• Number of baselines: B

• Number of gridded baselines: BG

• Earth rotation duration: H

• Disretization of earth rotation: ∆h

• Number of baselines after earth rotation: BR

• Number of gridded baselines after earth rotation: BG
R

• Gaussian tapering: T [dB℄

Quantities related to the GA

• Population size: P

• Iteration number: I

• Crossover probability: pξ

• Mutation probability: pµ

• Fitness de�nition: F = α× 1

PSL
+ β × 1

N
+ γ × 1

B
+ δ × 1

BG

R
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TEST CASE

Goal: minimize the PSL of a triangular shaped array by means of ADSs hosen by means of a GA. The

same ADS is employed in the three arms, with di�erent shifts.

• Number of array arms: A

• Arm length: Li, i = 0, .., A− 1

• Number of array elements for eah arm: Ni, i = 0, .., A− 1 (N =
∑A−1

i=0
Ni)

• Array rotation with respet to north-south: ρ [deg℄

Test Case Desription

Geometry:

• Triangular array: A = 3

• Li = 21 [Km℄ ∀i ∈ 0, .., A− 1

• Element number: Ni = 9 ∀i ∈ 0, .., A− 1 (the same ADS is employed in the three arms)

• Unonstrained last elements (lattie spaing: di =
Li

Ni−1
)

• ρ = 0 [deg℄

• T = −15 [dB℄

Geographial information:

• Array rotation duration: H = 8 [h℄

• Sampling step: ∆h = 5 [min℄

• Latitude: 34 [deg℄

• Elevation: 0 [deg℄

• Delination: 34 [deg℄

Numerial simulation parameters:

• Grid disretization: GX ×GY = 128× 128

• Grid dimension: DX ×DY = 50000× 50000 [λ2]

• FFT dimension: FL × FM = 512× 512

GA parameters:

• P = 20

• I = 400

• pξ = 0.9

• pµ = 0.01

• α = 1, β = γ = δ = 0
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RESULTS

Fitness and PSL behaviour

 0.008

 0.01

 0.012

 0.014

 0.016

 0.018

 0.02

 0.022

 0.024

 0.026

 0  50  100  150  200  250  300  350  400

F
itn

es
s 

[a
rb

itr
ar

y 
un

it]

Iteration number i

ADS-Based

[Yin, 2009]

(a)

-20.5

-20

-19.5

-19

-18.5

-18

-17.5

-17

-16.5

-16

-15.5

 0  50  100  150  200  250  300  350  400

P
S

L 
[d

B
]

Iteration number i

ADS-Based

[Yin, 2009]

(b)

Figure 1.

4



O
p
t
i
m
a
l
g
e
o
m
e
t
r
y
,
a
u
t
o

o
r
r
e
l
a
t
i
o
n
,
r
o
t
a
t
e
d
a
u
t
o

o
r
r
e
l
a
t
i
o
n
a
n
d
p
a
t
t
e
r
n

-30

-20

-10

 0

 10

 20

 30

-30 -20 -10  0  10  20  30

y 
[k

m
]

x [km]

ADS-Based array, N=27

21 [km
]

Element location

-400

-300

-200

-100

 0

 100

 200

 300

 400

-500 -400 -300 -200 -100  0  100  200  300  400  500

v 
[λ

×1
00

0]

u [λ×1000]

ADS-Based array, N=27

Baseline function W(u,v)

(a) (b)

() (d)

F
i
g
u
r
e
2
.

O
b
s
e
r
v
a
t
i
o
n
s
:

•
T
h
e
P
S
L
b
e
h
a
v
i
o
u
r
i
s
f
a
r
f
r
o
m

t
h
a
t
o
f
[
2
℄
(
a
r
o
u
n
d
t
h
a
n
3
d
B
w
o
r
s
e
)

5



TEST CASE

Goal: minimize the PSL of a triangular shaped array by means of ADSs hosen by means of a GA. The

same ADS is employed in the three arms, with di�erent shifts.

• Number of array arms: A

• Arm length: Li, i = 0, .., A− 1

• Number of array elements for eah arm: Ni, i = 0, .., A− 1 (N =
∑A−1

i=0
Ni)

• Array rotation with respet to north-south: ρ [deg℄

Test Case Desription

Geometry:

• Triangular array: A = 3

• Li = 21 [Km℄ ∀i ∈ 0, .., A− 1

• Element number: Ni = 9 ∀i ∈ 0, .., A− 1 (the same ADS is employed in the three arms)

• Constrained last element of eah arm (arm length is onstant, spaing is not onstant)

• ρ = 0 [deg℄

• T = −15 [dB℄

Geographial information:

• Array rotation duration: H = 8 [h℄

• Sampling step: ∆h = 5 [min℄

• Latitude: 34 [deg℄

• Elevation: 0 [deg℄

• Delination: 34 [deg℄

Numerial simulation parameters:

• Grid disretization: GX ×GY = 128× 128

• Grid dimension: DX ×DY = 50000× 50000 [λ2]

• FFT dimension: FL × FM = 512× 512

GA parameters:

• P = 20

• I = 400

• pξ = 0.9

• pµ = 0.01

• α = 1, β = γ = δ = 0
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RESULTS

Fitness and PSL behaviour
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TEST CASE

Goal: minimize the PSL of a triangular shaped array by means of ADSs hosen by means of a GA. The

same ADS is employed in the three arms, with di�erent shifts.

• Number of array arms: A

• Arm length: Li, i = 0, .., A− 1

• Number of array elements for eah arm: Ni, i = 0, .., A− 1 (N =
∑A−1

i=0
Ni)

• Array rotation with respet to north-south: ρ [deg℄

Test Case Desription

Geometry:

• Triangular array: A = 3

• Li = 21 [Km℄ ∀i ∈ 0, .., A− 1

• Element number: Ni = 9 ∀i ∈ 0, .., A− 1 (the same ADS is employed in the three arms)

• Unonstrained last elements (lattie spaing: di =
Li

Ni−1
)

• ρ = 5 [deg℄

• T = −15 [dB℄

Geographial information:

• Array rotation duration: H = 8 [h℄

• Sampling step: ∆h = 5 [min℄

• Latitude: 34 [deg℄

• Elevation: 0 [deg℄

• Delination: 34 [deg℄

Numerial simulation parameters:

• Grid disretization: GX ×GY = 128× 128

• Grid dimension: DX ×DY = 50000× 50000 [λ2]

• FFT dimension: FL × FM = 512× 512

GA parameters:

• P = 20

• I = 400

• pξ = 0.9

• pµ = 0.01

• α = 1, β = γ = δ = 0
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RESULTS

Fitness and PSL behaviour
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TEST CASE

Goal: minimize the PSL of a triangular shaped array by means of ADSs hosen by means of a GA. The

same ADS is employed in the three arms, with di�erent shifts.

• Number of array arms: A

• Arm length: Li, i = 0, .., A− 1

• Number of array elements for eah arm: Ni, i = 0, .., A− 1 (N =
∑A−1

i=0
Ni)

• Array rotation with respet to north-south: ρ [deg℄

Test Case Desription

Geometry:

• Triangular array: A = 3

• Li = 21 [Km℄ ∀i ∈ 0, .., A− 1

• Element number: Ni = 9 ∀i ∈ 0, .., A− 1 (the same ADS is employed in the three arms)

• Constrained last element of eah arm (arm length is onstant, spaing is not onstant)

• ρ = 5 [deg℄

• T = −15 [dB℄

Geographial information:

• Array rotation duration: H = 8 [h℄

• Sampling step: ∆h = 5 [min℄

• Latitude: 34 [deg℄

• Elevation: 0 [deg℄

• Delination: 34 [deg℄

Numerial simulation parameters:

• Grid disretization: GX ×GY = 128× 128

• Grid dimension: DX ×DY = 50000× 50000 [λ2]

• FFT dimension: FL × FM = 512× 512

GA parameters:

• P = 20

• I = 400

• pξ = 0.9

• pµ = 0.01

• α = 1, β = γ = δ = 0
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RESULTS

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

FERENT SHIFTS

PSL behaviour with respet to iteration number for optimal arrays
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Figure 9.

Overall observations:

• The reported results show that there is not a signi�ant dependeny of the obtained PSL from the

onsidered rotation angle (ρ) or the onstrained/unonstrained geometry, sine all the optimal solutions

provide a PSL whih is between −17.65 dB and −17.4 dB.

• However, it turns out that onstrained and rotated geometries provide a slightly better PSL behaviour.

• It has to be remarked that, in all ases, the obtained PSL is far from that of [2℄
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TEST CASE

Goal: minimize the PSL of a triangular shaped array by means of ADSs hosen by means of a GA.

Di�erent ADSs are employed in the three arms, with di�erent shifts.

• Number of array arms: A

• Arm length: Li, i = 0, .., A− 1

• Number of array elements for eah arm: Ni, i = 0, .., A− 1 (N =
∑A−1

i=0
Ni)

• Array rotation with respet to north-south: ρ [deg℄

Test Case Desription

Geometry:

• Triangular array: A = 3

• Li = 21 [Km℄ ∀i ∈ 0, .., A− 1

• Element number: Ni ≤ 9 ∀i ∈ 0, .., A− 1

• Unonstrained last elements on eah arm (lattie spaing: di =
Li

Ni−1
, i ∈ 0, .., A− 1)

• ρ = 0 [deg℄

• T = −15 [dB℄

Geographial information:

• Array rotation duration: H = 8 [h℄

• Sampling step: ∆h = 5 [min℄

• Latitude: 34 [deg℄

• Elevation: 0 [deg℄

• Delination: 34 [deg℄

Numerial simulation parameters:

• Grid disretization: GX ×GY = 128× 128

• Grid dimension: DX ×DY = 50000× 50000 [λ2]

• FFT dimension: FL × FM = 512× 512

GA parameters:

• P = 20

• I = 400

• pξ = 0.9

• pµ = 0.01

• α = 1, β = γ = δ = 0
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RESULTS

Fitness and PSL behaviour
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TEST CASE

Goal: minimize the PSL of a triangular shaped array by means of ADSs hosen by means of a GA.

Di�erent ADSs are employed in the three arms, with di�erent shifts.

• Number of array arms: A

• Arm length: Li, i = 0, .., A− 1

• Number of array elements for eah arm: Ni, i = 0, .., A− 1 (N =
∑A−1

i=0
Ni)

• Array rotation with respet to north-south: ρ [deg℄

Test Case Desription

Geometry:

• Triangular array: A = 3

• Li = 21 [Km℄ ∀i ∈ 0, .., A− 1

• Element number: Ni ≤ 9 ∀i ∈ 0, .., A− 1

• Constrained last elements on eah arm (arm length is onstant, spaing is not onstant)

• ρ = 0 [deg℄

• T = −15 [dB℄

Geographial information:

• Array rotation duration: H = 8 [h℄

• Sampling step: ∆h = 5 [min℄

• Latitude: 34 [deg℄

• Elevation: 0 [deg℄

• Delination: 34 [deg℄

Numerial simulation parameters:

• Grid disretization: GX ×GY = 128× 128

• Grid dimension: DX ×DY = 50000× 50000 [λ2]

• FFT dimension: FL × FM = 512× 512

GA parameters:

• P = 20

• I = 400

• pξ = 0.9

• pµ = 0.01

• α = 1, β = γ = δ = 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 respet to iteration number for optimal arrays
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Figure 14.

Overall observations:

• The reported results show that there is not a signi�ant dependeny of the obtained PSL from the

onstrained/unonstrained geometry, sine the optimal solutions provide a PSL whih is very lose.

• One an notie that allowing di�erent ADS to be employed results in lower performanes in the �rst

steps of the optimization, while essentially the same performanes resulting in the previous ase (same

ADS employed in all arms; the employed ADS orrespond to the largest allowed in this ase) are

atually obtained. This is due to the fat that the PSL minimization selets those arrays with the

maximum number of elements. As a onsequene, in the last steps the two methods oinide (in both

ases, all the arms employs the same ADS, i.e. the largest allowed).

• It has to be remarked that, in all ases, the obtained PSL is far from that of [2℄
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