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The  end-­to-­end  operation  model
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Usage  of  data  reduction  tools

Observatory

§ Quality  control  at  telescope  and  at  ESO  headquarter

§ Processing  of  pre-­imaging  data

§ Production  and  certification  of  master  calibration  frames  

§ Production  of  science  data  products  for  the  archive  
facility.

Community

§ Data  reduction  with  custom  settings  of  parameters

§ Inspect  intermediate  products  

§ Insert  customized  steps  into  pipeline  processing
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ESO  Data  Reduction  Infrastructure

ESO  Internal  
only

Public communalities

Data  organization
DO  at  telescope, ABbuilder

QC  Garching
CalSelector service,  
Gasgano,  Reflex  DO

OCA  language

Algorithms
Quick look  recipes CPL pipeline  recipes,  

Reflex  Python  plotting,  
(Molecfit and  other  tools)

CPL

Data  Reduction workflows
Paranal &  QC  cascades,  

Phoenix
Reflex Esorex recipe execution



Data  Organization
Organise  files  into  data  sets  =  all  files  needed  to  reduce  one  
set  of  science  files.

Science 

Calibration 

Calibration 
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Data  Organisation
§ Pipeline  (ESO  Observatory,  Data  Organiser)

Ø On-­the-­fly  data  processing  (event  driven)
Ø Template-­based  processing
Ø Static  calibration  database  (only  certified  products  are  used)

§ Quality  Control  (ESO  Headquarters,  ABbuilder)
Ø Batch  processing  of  complete  data  sets  (all  science  and  calibration  data  
produced  by  one  ESO  instrument  in  one  night)

Ø Best  available  calibrations  are  used  =>  data  must  be  organized  according  to  
the  Calibration  Cascade

§ Science  Archive  (CalSelector)
Ø Web-­based  association  of  calibration  data  in  archive  (raw  and  reduced)  to  
science  data

§ Data  Reduction  by  Community  (Reflex,  Gasgano)
Ø Data  organisation of  files  on  disk  for  different  processing  cascades.



OCA  Rules
• Data  organisation defined  as  text  files  “OCA  rules”
• Three  types  of  rules:

Ø Classification  (  „This  is  a  Raw  Dark“)

Ø Organization  („These  Raw  Darks  are processed  together”)

Ø Association  (“select  Biases  based  on  properties  of  Raw  Darks“
or  “process  these  Raw  Darks  together  using  selected  Biases“

if  DPR.CATG=="CALIB"  and  DPR.TYPE==”DARK"    then
{
RAW.TYPE  =  ”DARK";;
}

select  execute(MAKEDARK)  from  inputFiles
where  RAW.TYPE==”DARK“ group  by  TPL.START

action  MAKEDARK
{
select  file  as  MASTER_BIAS  from  calibFiles where
PRO.CATG=="MASTER_BIAS"  and  inputFile.DET.WIN1.BINX==DET.WIN1.BINX;;
}
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CPL  Pipelines
§ Consortia  are  required  to  deliver  pipeline  recipes  coded  in  
C  using  the  “ESO  Common  Pipeline  Library” and  “High  
Level  Data  Reduction  Library” and  Reflex  workflows  that  
support  them  (P.  Ballester,    VLT-­SPE-­ESO-­19000-­1618)
Ø CPL:  basic  library  to  create  recipes  that  run  as  plugins  (dynamic  
libraries)  

Ø HDRL:  CPL  library  with  science  algorithms

§ Deliverables  include  Reflex  workflow,  documentation,  …

§ Pipeline  Systems  Group  (~  9  developers,  lead  S.  Castro)  
tests,  integrates,  maintains  and  upgrades  pipelines  after  
start  of  operation,  CPL  and  HDRL

§ Scientific  oversight  by  Garching  instrument  project  
scientists  during  development,  Science  Data  Products  
Group  and  Paranal  instrument  scientist  during  operation
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High  level  Data  Reduction  Library  HDRL
A.  Gabasch

§ Overscan  computation  and  subtraction
§ Master  frame  combination(Bias/Dark/Flat)
§ Cosmic  ray  detection  on  a  single  image
§ Bad  pixel  determination  on  

Ø Single  images.
Ø Stacks  of  identical  images,  e.g.  bias/dark  frames.

Ø Sequence  of  images,  e.g.  domeflats  with  different  exposure  time.

§ Computation  of  the  Strehl  ratio
§ Fringe  detection  and  removal
§ Source  detection/extraction

More  to  come:
§ Optimal  Extraction
§ Wavelength  calibration  
§ Detection  of  pick-­up  noise
§ …
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KMOS:  combining  recontructed  cubes

Representative  spectra  of  individual  datacubes  
that  are  combined  for  the  selected  object.  The  
user  can  (de)select  the  exposures  from  final  
combination

Recipe  parameters
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Data  Reduction  Workflows

§ Even  when  algorithms  (recipes)  are  given,  data  reduction  
involves  many  decisions:
Ø Which  data  do  I  process  first?
Ø Which  files  are  processed  by  which  recipes?
Ø Which  files  need  to  be  re-­processed?
Ø How  do  I  organize  the  output?

§ Workflow  differs  for  different  use  cases.  Example:
Ø QC0  use  static  calibration
Ø QC1  processes  all  calibrations  independent  of  later  use
Ø Desktop  reduction  processes  all  data  for  given  datasets



SPIE2016:  Observatory  Operations  |  Edinburgh,  27  
June-­1  July  2016
Calibration  Workshop,  Santiago,  January  2017

Scientific  Workflow  Systems
§ System  to  define  and  execute  series  of  data  

manipulation  steps
§ Flexible  intuitive  workflow  essential  for  desktop  

data  reduction
§ Reflex uses  Kepler          https://kepler-­project.org
§ Kepler  provides  the  graphical  user  interface
§ Reflex is  a  collection  of  Kepler  components  

(“actors”)  that  allow  to  execute  ESO  recipes,  data  
display  GUIs,  and  Python  scripts

§ Available  for  Linux  and  OS  X
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ESO  Reflex:  Key  features
Freudling  et  al.  2013A&A...559A..96F

§ Organizes  the  data
§ Pipeline  modules  cascade  run  with  a  single  click
§ Highly  efficient,  only  (re)executes  procedures  when  
necessary,  taking  all  previous  executions  into  account  
(“Lazy  mode”)  

§ Book-­keeping,  provenance  tree  can  be  explored
§ GUIs  to  display  intermediate  products,  allows  modification  
and  re-­execution  of  individual  steps.  

§ Progress  of  the  workflow  can  be  monitored
§ Allows  insertion  of  command  line  user  procedures  in  any  
language

§ Comes  with  test  data  and  tutorial  for  each  workflow

1
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KMOS  WORKFLOW

Global  parameters  that  allows  to  define:
l The  illumination  correction  strategy:  twilight  flats  or  lamp  flats.
l The  Telluric  correction  and  response  curve  correction  strategy:  

Ø Response  and  telluric  correction  from  pipeline  (using  observed  standard  star)
Ø Merge  the  static  Response  calibration  with  an  user-­provided  telluric  correction  (obtained,  e.g.,  
using  molecfit).

Ø Response  correction  only  (from  static  calibration).
Ø Telluric  correction  only  (from  user-­provided  calibration)
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Interactive  window  to  
design  the  sky-­mask.

MUSE-­ZAP  workflow

Sky  residuals  are  decomposed  
into  
principal  components  either  using:
l Sky  regions  around  the  target;;
l Dedicated  sky  observations  (if  
present  in  the  dataset).

l It  uses  the  Python  code  by  Soto  et  al.  (2016MNRAS.458.3210S )
l It  is  independent  of  the  muse  pipeline.
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Science  Archive

§ The  ESO  Science  Archive  Facility  (SAF)  is  the  
operational  and  technical  data  archive  of  the  La  Silla  
Paranal  Observatory  and  a  science  resource  in  its  own  
right
Ø It  is  the  one  access  point  to  La  Silla  Paranal  data

§ Data  holdings  (raw  data  and  data  products)
Ø ~700  TB  of  data  in  ~40  million  files  and  ~30  billion  database  rows  
worth  of  header  keywords

Ø Storage  technology  is  not  a  concern,  database  management  
more  challenging

Ø Inflow:  ~12  TB/month;;  outflow  ~15  TB/month
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Data  products  in  the  SAF
Two  channels  to  feed  the  archive  with  data  products:
§ Internal: automated  processing  with  scientifically  
validated  pipelines
Ø UVES  echelle,  X-­Shooter  echelle,  HARPS  echelle,  
FLAMES-­MEDUSA,  MUSE,  then  HAWK-­I  and  VIMOS  
IMG,  KMOS,  …

Ø Migration  of  legacy  historical  Advanced  Data  Products  
completed  

§ External: Principal  Investigators  of  Public  Surveys,  Large  
Programmes,  …  provide  high-­level  products  (mosaics,  
source  catalogues,  …)  that  we  validate  and  integrate

Arnaboldi  et  al:  Summary  in  December  2013  Messenger:  papers
from  ESO,  the  Survey  Teams  and  archive  users
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Latest  addition:  MUSE

§ We  have  just  published  processed  data  for  the  entire  
data  history,  generated  in-­house

12  input  files,  2’x2’ 3  input  files,  1’x1’ 12  input  files,  4’x1’ 16  input  files,  3’x4’

5  input  files,  2’x2’

Following talk by Reinhard Hanuschik 
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Polling  the  community:  ESO2020  
questionnaire

§ “How  important  is  access  to  the  following  sorts  of  
archived  data  products  in  order  to  maximize  your  
scientific  productivity?”
Ø Statistically  (very)  significant  sample:  1439  answers
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Archive  access  to  data:
building  a  community

§ Both  pipeline  processed  data  generated  at  ESO and  processed  data from  
the  community are  very  much  in  demand
Ø Archive  users  query  for  reduced  products  more  than  once
Ø The  number  of  archive  users  of  reduced  products  is  1.5  times  the  number  of  
PIs/CoIs  of  Public  Surveys

§ Availability  of  products  didn’t  decrease  access  to  the  corresponding  raw  
dataSPIE2016:  Observatory  Operations  |  Edinburgh,  27  

June-­1  July  2016

Romaniello  et  
al,  The  
Messenger,  
March  20162016
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The  science  return  of  the  SAF

§ Archive  refereed  papers
Ø ~25%  of  ESO’s  output
Ø ~5%  of  La  Silla  Paranal  data  only  published  as  archive  papers

VL
T,
  s
ou
rc
e:
  E
SO
  L
ib
ra
ry

(te
lb
ib
.e
so
.o
rg
)



SPIE2016:  Observatory  Operations  |  Edinburgh,  27  
June-­1  July  2016
Calibration  Workshop,  Santiago,  January  2017

Archive  services:  status  quo

§ The  problem: as  a  user,  how  do  I  find  my  way  among  40  
million  files  described  by  30  billion  keywords?
Ø Classical  form  based  interface
Ø Selection  of  calibration  data  (raw  or  processed)

§ The  science  potential  of  ESO’s  Science  Archive  Facility  is  
limited  by  its  limited  search  capabilities
Ø The  user-­SAF  interaction  is  static  and  offers  limited  data  discovery  
capabilities

Ø Queries  are  expressed  in  terms  of  technical,  rather  than  physical  
properties
• E.g.  Technical  names  of  optical  components  in  the  light  path  vs.  
wavelength  coverage  and  resolution

• Especially  true  as  its  content  in  terms  of  ready-­for-­science  
data  products  grows  more  and  more
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Archive  services:  evolution

§ Guiding  principle: establish  a  dialogue  between  the  archive  
researchers,  who  know  their  science  cases,  and  the  archive,  
which  knows  its  content

§ First  release  concentrates  on  data  products,  including  ALMA
Ø Most  immediate  scientific  return,  metadata  intrinsically  more  
homogeneous,  thanks  to  VO-­inspired  data  standard

§ Complex  queries  on  science  keywords  that  describe  the  
physical  properties  of  the  data
Ø Signal-­to-­noise  ratio,  wavelength  coverage  and  resolution,  limiting  
magnitude,  …

§ Added-­value  services:  visualization,  facets,  …

§ Programmatic  access  and  interoperability
SPIE2016:  Observatory  Operations  |  Edinburgh,  27  
June-­1  July  2016
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Some  Ongoing  Projects

§ Data  Organization
Ø Upgrade  of  OCA.  
Ø Will  allow  more  flexible  design  of  pipeline  recipes
Ø Support  for  more  complex  conditions

§ Pipelines
Ø Support  for  new  instruments
Ø Use  Molecfit in  pipelines  (KMOS)
Ø Additions  to  HDRL  to  increase  communalities  among  pipelines

§ ESO  Archive  Facility
Ø Expand  holding  of  reduced  data  to  new  instruments:  Hawk-­I,  
VIMOS  imaging,  KMOS

Ø Interface
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Summary

§ ESO  supports  data  reductions  for  3  different  use  cases:
Ø Operations,  quality  control
Ø Archive
Ø Community

§ Different  use  cases  use  different  strategies  and  tools  for  
Ø Data  organization
Ø Reduction  workflow

§ Different  use  cases  use  a  common  underlying  
infrastructure
Ø Pipeline  recipes
Ø OCA  data  organisation


