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Measurement Equation
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The measurement equation in matrix form for a baseline is

where,

• The diagonal is the antenna response 
function to the two orthogonal 
polarizations of theEM waves.

• Off diagonal, gives the amount of 
cross talk.

• Function of time and frequency
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Convolution Functions
• High fidelity and high dynamic range imaging requires

– Accurate convolution functions to project out WB A term.
– Reach true thermal noise across the wide FOV.
– A good model of off-axis polarization leakage.

• The A matrix in the measurement equation is projected out by 
convolving the LHS and RHS of the measurement equation with the 
inverse of the A matrix during imaging. (Remember Sanjay’s Talk)

• Convolution Functions
– In feed basis
– Aperture Illumination Pattern (AIP) of the antenna
– In CASA they are produced through Ray tracing.
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Ray Tracing
 PRO

• Entirely based on geometric 
optics.

• Squint of the off-set parabolic 
reflector comes out  in the 
wash

• Parameterized based on actual 
physical dish parameters, and 
so can be extended to other 
dish with some work.

• Easily scalable to GPU’s.
• Good model at higher 

frequencies
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CON
• Is linear so no higher order 

corrections (Diffraction, 
Scattering)

• The geometric approximation is 
not a valid at lower frequencies, 
where the antenna structure 
and wavelength of the radiation 
are comparable.

• Is it a valid regime for the VLA 
at P, L, S and C bands ?



Ray Traced Antenna Model

• Grasp8 model of the VLA antenna, which forms the basis of the 
ray traced antenna model.
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Figure 1: A cross section of the VLA optics model used in GraspS. The dimensions come from EVLA Memo 
5. The coordinates (in meters) for the labeled points are: 

Point Coordinates (meters) 
A. Feed 0.975, 1.676 
B. Intersection of subreflector and primary axis 0.0, 8.479 
C. Edge of primary 12.5, 4.325 
D. Inner edge of paneled primary 2.0, 0.112 
E. Base of strut 7.550, 1.594 
F. Top of modeled strut 1.391, 9.217 
G. Prime focus 0.0, 9.0 
H. Vertex of primary 0.0, 0.0 

scatterings were included, in the order that they are listed. Each line represents illumination of the surface 
to the right of the arrow by the surface(s) to the left. 

Feed -> Subi 
Feed, Subi ->• Strutsi 

Subi, Strutsi —y Primary 
Primary, Feed StrutS2 

Primary, Feed, StrutS2 —Sub2 
Primary, Feed, StrutS2, Sub2 ->��Beam 

The subreflector and struts each have two PO objects since scattering occurs twice on each. In these two 
cases, PO objects 1 and 2 refer to the same scattering surface but contain currents from different scatterings. 
Each scattering calculation is done in two parts. First the PO calculations are done for the interiors of all 
surfaces. Then the PTD calculations are done for the object edges (e.g., the edges of the struts and the 
rims of the primary and subreflector). GraspS does not calculate the PTD currents on the destination edge 
from the PTD currents on the source edge as it is assumed that this contributes a very small amount to the 
scattered radiation. A future version of Grasp might include this minor effect. 

3 Beam polarization 

The GraspS software package was used to compute the beam of the VLA. At a few different frequencies, the 
antenna was fed with a pair of orthogonal linear polarized feeds. The (complex) co- and cross-polar beams 
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3 Beam polarization 

The GraspS software package was used to compute the beam of the VLA. At a few different frequencies, the 
antenna was fed with a pair of orthogonal linear polarized feeds. The (complex) co- and cross-polar beams 
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Reality Check 

• Does ray tracing reproduce the aperture illumination pattern ?
– Short answer - Mostly.

• How do we compare the efficacy of ray tracing ?
– We compare the ray traced AIP, and look at its FT, the antenna 

far field voltage pattern, also called the primary beam.
– Primary beam of an interferometric array is measured through 

holography.
– The VLA carried out holography measurements last year. 

(Perley, VLA Memo 195).
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Holography

• A grid around the calibrator source observed. The observed data 
was reduced independently in AIPS, CASA and Obit.

• At first glance
– Side-lobe of ray traced beam is 50% less than measured beam
– Pol Q & U of the measured beam are far from the model beams
– Oscillation in the size of the beam with change in frequency.
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Holography
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Holography
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Making the model mimic reality

• Fix stokes I side-lobe levels by 
tweaking the model.

• Tweaks must be physically 
motivated.
– Apparent blockage due to the 

secondary antenna.
– Feed Illumination taper.
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Minimization - (Model - Measurement)

• Multi parameter minimization
– Apparent illumination blocking by secondary
– Feed Illumination taper polynomial
– Pointing offset

• A stand alone C++ code to tweak the ray traced beam was created.
• Python wrappers to access the convolution functions and run the 

minimization in parallel using multi-processes.
• Serial run time of 4-6 hours for one channel in an antenna.
• Parallel implementation moved to two AWS clusters and 1024 

channels reduced in 8 hours time, accounting for spot pricing. (Erik 
Bryer and James Robnett).
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Aperture Blockage
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Aperture Blockage
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Feed Illumination taper
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Pointing Offset
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Conclusions

• Parameterized geometric ray traced model works very well in 
producing the Aperture Illumination pattern

• Stokes Q and U are still to be tested and a similar parameter 
minimization is in the works.

• Development underway to implement the parameterized model 
within CASA and simulations to determine the impact on imaging.

• Holography revealed a rotation in addition to lateral shift in stokes V. 
Ideas ?
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Stokes -V
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