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ALM A Sim ula t or

• An ALM A/ACA/SD  im aging  sim ulator
– Developed for an im aging study: im pact  of 

ACA on the wide-field im aging of ALMA
– Can also be used for the scient ific 

preparat ion of ALMA (e.g. Wolf et  al.)

 
• Detailed descript ion in ALM A m em o 3 98  

(Pety, Gueth, Guilloteau)
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ALM A Sim ula t or

• Implem ented in, and dist ributed with, GILDAS  
(M APPING sof t w are)

ht tp://www.iram.fr/IRAMFR/GILDAS

• Based on tasks from  MAPPING and CLIC
• Most ly Fort ran 90
• Upper layer =  SIC procedures
• Top layer =  widget  interface









Global input parameters



Detailed input 
parameters



Detailed input 
parameters: 

observation setup



Different actions
COMPUTE to run the full simulation
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Sim ula t ion St eps

• Basic input s: source ,  ar ray,  
f requency,  e t c.

• Visibilit ies simulat ions
• Data calibrat ion
• Imaging +  deconvolut ion
• Com parison result  vs source 

m odel
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Basic Input s

• Source m odel (e.g. FITS image), coordinates
• Observing frequency
• Source size �  num ber  and posit ion of  

obse rved f ie lds a re  autom at ica lly found
• Hour angle to be observed
• Array configurat ion
• Type  of  observa t ions

ALMA+ ACA+ S
D

ACA+ SDALMA+ SD

ALMA+ ACAACA onlyALMA only



Basic input parameters: source, 
observation time, configurations
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Sim ula t ion St eps

• Basic inputs: source, array, 
frequency, etc.

• V isib ilit ies sim ula t ion
• Data calibrat ion
• Imaging +  deconvolut ion
• Com parison result  vs source 

m odel
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Visib ilit ies 
Sim ula t ions

• Basic schem e:  
– t ime �  uv coverage �  sample FT(source x 

prim .)
• Observing m ode:

– Source-calibrator loop �  create source and 
calibrator uv tables

• Add (sim ple )  e rrors:
– Thermal noise
– Errors on amplitude calibrat ion: offset  +  

drift , reset  at  each calibrat ion
– Random phase noise 
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Visib ilit ies 
Sim ula t ions

• Point ing e rrors
– Added in t he  uv plane : FT of source 

convolved to specific primary beam  at  each 
integrat ion t im e

– Dif fe rent  e rror  m ode ls :
• Random
• Therm a l – slow drift  with t im e +  st rong 

correlat ion between antennas; t im escale >  
m inutes

• W ind – random  within direct ion and m agnitude 
range +  correlat ion between antennas; t im escale 
~  second
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Visib ilit ies 
Sim ula t ions

• At m ospher ic phase  screen
– 2-D screen generated in the Fourier plane 

(stat ist ical propert ies correct ) +  scaling 
according to input  phase at  300m  +  alt itude

– Elevat ion dependence as sqrt (airm ass)
– Phase screen m oves above ALMA during the 

observat ions, with given speed and 
direct ion

– Consistent  source/calibrators phase noise
– Sim ulator can include dynam ic refract ion





Pointing, amplitude, phase errors
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Sim ula t ion St eps

• Basic inputs: source, array, 
frequency, etc.

• Visibilit ies Sim ulat ions
• Dat a ca libra t ion
• Imaging +  deconvolut ion
• Com parison result  vs source 

m odel
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Phase Calibra t ion

• St andard ca libra t ion
• spline curve fit ted through the calibrator 

data to m odel the t ime-dependent  phase 
variat ion =  the PdBI method, implemented 
in CASA (gaintype= GSPLINE in task gaincal)

• Fast  sw it ching
• linear interpolat ion of the phase between 

two consecut ive calibrator m easurements
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Phase Calibra t ion

• W at er Vapor Radiom et ry
• a WVR is used to correct  the phase in real 

t ime; corrected phase m odeled as
    � (t )=  P(0) +  �  (P(t ) – P(0)) +  N(t )
• st ill need a subsequent  phase calibrat ion

• W VR +  FS
• a WVR is used and the last  calibrat ion 

phase is rem oved (offset )
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(PdBI Phase  
Correct ion)

• Plateau de Bure antennas are equipped with 
22 GHz radiom eters

• Correct ion com puted every second, both 
corrected and uncorrected data are stored





 
•  Turbulent  condit ions, 4.4 m m pwv, A configurat ion

•  NRAO150 (point  source) �  gain of 2.5 in SNR 
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Sim ula t ion St eps

• Basic inputs: source, 
array, frequency, etc.

• Visibilit ies simulat ions
• Data calibrat ion
• Im aging 

+ deconvolut ion
• Com parison result  vs 

source model

- Classical CLEAN-base 
m osaic deconvolut ion

- Joint  
(ALMA+ ACA+ SD) 
deconvolut ion

-Hybridizat ion in the uv 
plane 
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Joint  Deconvolut ion

A m ult i-sca le  approach
2. Start  with two dirty m osaics (ALMA and ACA+ SD)
3. Select ion of mosaics with higher SNR
4. Search for CLEAN com ponent  using

• CLARK for the ALMA im age
• SDI for the ACA+ SD im age

5. Rem ove com ponents from  both images
6. Go to (2)
7. Convolve CLEAN com ponents with the ALMA clean 

beam
8. Add weighted residuals
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Hybr id iza t ion

Com bine  dat a  in t he  uv p lane

2. Deconvolut ion of ALMA+ SD

3. Deconvolut ion of ACA+ SD

4. FFT of the two im ages

5. Linear com binat ion
• ALMA+ SD data for uv distances <  15 m
• ACA+ SD data for uv distances >  15 m

6. Inverse FFT of result ing data
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Sim ula t ion St eps

• Basic inputs: source, array, 
frequency, etc.

• Visibilit ies Sim ulat ions
• Data calibrat ion
• Imaging +  deconvolut ion
• Com par ison result  vs source  

m ode l



09/09/2008 Workshop on Simulations for ALMA 31

Fide lit ies

• Fide lit y im age =  input  m ode l / d if fe rence

– Fidelity is the inverse of the relat ive error
– In pract ice: lowest  values of difference are 

t runcated

• Fide lit y range =  max(model)/rm s(difference)

• H ist ogram  of  cum ula ted f ide lit y : number of 
pixels whose fidelit ies are larger than a given value

• Four ie r  space  est im ators : the fidelity can also 
be com puted in the uv plane
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ALM A/ACA im aging 
st udy

• ALMA+ ACA sim ulat ion tool, Pety, Gueth, 
Guilloteau, ALMA memo 386

• ALMA + ACA sim ulat ion results, Pety, Gueth, 
Guilloteau, ALMA memo 387

• Impact  of ACA on the wide-field imaging 
capabilit ies of ALMA, Pety, Gueth, Guilloteau, 
ALMA m em o 398

• Wide-field im aging of ALMA with the ACA: 
im aging simulat ions, Tsutsum i, Morita, 
Hasegawa, Pety, ALMA memo 488

• …







Wolf et al. 2003
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Conclusions

• Advant ages of t h is sim ula t or
– Integrated tools from  input  im age to fidelity 

plots
– Many opt ions

• Lim it a t ions
– No mult i-configurat ions
– No spect ral line sim ulat ions
– No polarizat ion
– Low m aintenance during the last  year
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