
                
WIRCam:  

Exposure Strategy, QSO Evaluation and Quick Analysis Requirements 
 
 
 

Prepared by P. Martin. 
QSO-027/Version 1.0/02-12-2004 
 
 
1. Introduction 
 
A priori, WIRCam operations under the QSO/NOP mode might not seem to be extremely different than that of 
MegaCam.  However, the data format and observation strategy for such a near-IR system introduce some very 
significant differences. Not only these differences might influence the software (and hardware) development on 
a lower level but they also are fundamental in designing and implementing the front-end as well. The entire New 
Observing Process (NOP) is based on the idea of automation at several levels; in order to make the necessary 
development phases for this system, it is now critical to look at what we are facing and try to identify some of 
the main issues.  
 
This document explores briefly the impact of data format and observation strategy of WIRCam on several steps 
for the NOP, in particular QSO (Phase 2 and validation cascade) and Elixir Quick Analysis. The first draft of 
this document was reviewed and significant changes were made; conclusions reached during that review are 
clearly stated in this text. Other issues like guide star acquisition and data distribution, should be discussed 
elsewhere. 
 
2. Glossary 
 
The observation strategy of WIRCam being more complex than with MegaPrime, it is important to define some 
terms for the observation.  Here are some suggestions: 
 
Dithering Pattern (DP): A series of N exposures with individual exposure time E. Each exposure has a 
telescope offsets (? ,? ) associated to it (can be 0,0). 
 
Micro-dithering (mDP): A series of micro-exposures m with individual exposure time e. Micro-dithering is a 
technique used to increase the spatial resolution of the images (see below). A full micro-dithering pattern 
contains at least 4 micro-exposures offset by 0.5 pixel by the ISU software system.   
 
Sub-Exposures: A series of s exposures of individual exposure time ??taken without a micro-dithering pattern. 
 
Observation Block (OB): Entity of QSO formed of one target, one or several instrument configuration(s) (IC; 
e.g. filter, dithering pattern, exposure time), and one constraint (e.g. IQ). 
 
3. Observations: A pattern within a pattern 
 
Some of the issues described below arise from some working hypothesis or some decisions made previously.  
Among them, the most relevant are: 
 
? ? The micro-dithering mode is an option made available to the PI during their Phase 2.   



? ? If the PI prefers, sub-exposures can be selected instead of a micro-dithering pattern in their Phase 2. 
? ? Single fits file cannot exceed 2 gigabytes (see T. Vermeulen’ document for justification). 
? ? A single Observation Block (OB; that is an observation on one target) in QSO will not exceed 7200 seconds. 
 
3.1 Dithering Pattern 
 
As with MegaCam observations for a given field, observations for WIRCam will be executed through pre-
defined Dithering Patterns (DPs), found in the Instrument Configuration (IC) of an Observation Block (OB).  A 
DP is characterized by three main parameters: 
 

? ? The number of exposures, N (currently N goes from 1 – 21). Single exposures are a specific case. 
? ? The exposure time, E, for each exposure within the pattern. 
? ? The offsets between the exposures. The telescope applies these offsets. In the case of WIRCam, the 

amplitude of the offsets will be limited (120”? TBD) to avoid frequent lost of guide stars. 
 
So, the total integration time (I-time) characterizing an instrumentation configuration IC is:  I-time = N x (E + 
readout)), where readout is the readout time value. For WIRCam, the planned readout time is ~ 2.5 seconds for 
a single readout of the mosaic.   
 
3.2 Sub-Exposures/Micro-Dithering 
 
The main difference between MegaCam and WIRCam for the observation strategy, at least for broadband filters, 
is this: Each exposure N within the DP will be the sum of shorter sub-exposures or micro-exposures. This is 
because the sky emission in the infrared becomes a strong limitation.  For instance, it is typical that to get one 
exposure of 300 seconds in total on one pointing, the strategy will be to take 10 shorter exposures of 30 seconds 
each. In the precise case of WIRCam, two options are offered for exposure with a DP:  
 
Sub-exposures: In this mode, each exposure of the DP is split into a set of shorter sub-exposures s. Each sub-
exposure has an individual exposure time ??and readout time of 2.5 seconds.  Due to the limitation of 2 Gbytes / 
file (see below), ? s < 60.  Thus, s = 1, 2, 3,… .60. The maximum individual exposure time ??to avoid saturation 
by sky background depends on the filter and will have to be controlled at the phase 2 level.  For such a strategy, 
the integration time for an IC becomes: N x (s x  (??? ?readout???? 
 
 
Micro-dithering: In this mode, each exposure of the DP is split again into a set of shorter micro-exposures m 
forming a micro-dithering pattern. Each micro-exposure has an individual exposure time e?and readout time of 
2.5 seconds.  A full cycle for a micro-dithering pattern includes 4 different micro-exposures offset by 0.5 pixel. 
The maximum number of micro-exposures is also set to 60 to avoid the 2 Gbytes limit per file (see below). Thus 
m = 4, 8, 12, 16 … 60.    
 
Thus the actual observation scenario for an OB in that case is roughly illustrated in this figure: 
 
 



 
Figure 1. Example of an observation for WIRCam. The top frame represents a classic dithering pattern (DP) with 
significant telescope offsets between the exposures, N. The bottom frame represents the micro-dithering for one of the 
individual exposure (H). The four micro-exposures are 0.5 pixels apart.  The sequence goes as 1,2,3,4 and starts again until 
the full exptime E of the exposure is obtained. Each exposure within the DP is done the same way.  

 
For such a strategy, the integration time for an IC becomes: N x (m x (e?? ?readout?????
?
3.3. Questions 
 
Several issues can be raised with the above strategy described for data acquisition: 
 

1) The maximum number of sub-exposures or micro-exposures, s and m, is finite. Similarly, the exposure 
times (e and ?) are also finite, in particular for broadband filters due to the sky background. Are those 
too restrictive to define useful observation blocks?  In details: 

 
? ? Due to the limit of 2 gigabytes per file, the number of sub-exposures or micro-exposures that can be 

found under on file is restricted: each readout for the entire 2x2 mosaic produces 32 megabytes of 
data (assuming 16 bits) so no more than 60 micro-exposures (or sub-exposures) (i.e. 15 iterations of 
the entire cycle micro-dithering) can be found under a single fits file. If, for instance, we suppose 
that the detectors will saturate in K band after maybe ~20 seconds, an individual exposure within a 
DP cannot be longer than ~ 60 x 20 s = 20 minutes for that band.  However, since the DP patterns 
can include a large number of exposures, the limit of 7200 seconds should be reachable even with 
the limitation on s, m, e or ? . 

 



 
 
 

2) How is the combination (s x ?) (or m x e)  = E defined?  There are at least two possibilities here:  
 

? ? Option 1. The pattern can be entirely defined in PH2 by the user. By defining N, m (4,8, 12,..60) and 
e for a micro-dithering (or s (1,2,3,… 60) and???for sub-exposures), the entire pattern is indeed 
defined. At this level, overheads can be charged. However, defining e might be problematic since 
the sky background might become too bright and saturate the detector if e is too long.  Some 
validation system will have to be implemented in PH2 to avoid excessive values but that might not 
be sufficient.  Another way is to react during the observations and avoid the problem by changing 
the observation program (e.g. switching queues to something more “reasonable”).   

 
? ? Option 2. As with MegaCam, the user only selects the DP and the individual exposure time for each 

exposure within the DP (E), and the actual combination m x e (or (s x ?)) is set by the instrument at 
the telescope according to the sky background (in other words, by defining the upper limit of e). 
This will have to be done by the instrument itself. The advantage here is clear but there are several 
disadvantages as well: overheads cannot be charged since m or s is not pre-defined; the actual 
number of sub-exposures within an exposures is not known in advance making the validation of the 
individual exposure difficult (see discussion later).   

 
After reviewing the situation, option 1 seems entirely preferable.  The PIs will define the entire observation 
strategy in their Phase 2.  Modifications to the actual form for the instrument configuration in PH2 will be 
needed to provide both possibilities (micro-dithering on or off) as well as some internal validation to avoid 
excessive exposure time leading to saturation. 
 

 
3) At what level do we control the exposures during the observations? We could go the atomic way and be 

able to control the sub-exposures or the iterations of the micro-dithering (m = [1-4][5-8], etc.), or instead 
control only at the DP exposure level, as with MegaCam. The former option will require a lot of 
sophistication at the QSO validation level but also at the observing level (breaker). The latter solution is 
probably most realistic on the logistics and management side, although to be able to control the 
sequence at a lower level might be beneficial to same telescope time. Thus management and 
validation of the IC and OB will be done at the DP exposure level, as with MegaCam. It means that 
repeating specific sub-exposures or specific micro-dithering iterations will not be allowed; only DP 
exposures are repeatable. 

 
 
4. QSO Files Handling: Evaluation and Validation Cascade 
 
The observation scenario describes above introduces several complications for QSO files handling, mostly the 
validation cascade, which is absolutely essential for managing the QSO programs.  The extra layer of 
“exposures within exposures” is quite different from the normal validation cascade on the OB level, which is 
essentially an accounting process on the validated iterations of the exposures within the OB. For instance, if an 
OB includes a DP with 5 exposures, the validation of the OB will take place only if at least one iteration of each 
exposure is validated. 
 
Splitting of the DP exposures into shorter exposures introduces an additional issue for the actual system: 
 

1. The number of sub-exposures or micro-exposures generated within a night is going to be at least 
one order of magnitude higher than what is produced by MegaCam.  We are talking about at least 
1000 – 3000 shorter exposures per night. So, the observation validation cannot obviously be done at 
this level.  In other words, what has to be pushed to the QSO database remains the information 



attached to the exposure of the DP.  Of course, since it’s the only parameter controlled by the 
observer (see above), this makes sense.  This, however, has some severe consequences for the quick 
data analysis of Elixir.  It will have to be more sophisticated and be able to provide the main 
characteristics of the sub-exposures (or iterations of the micro-dithering) (that is, IQ, sky 
background).  For instance, statistics of the dispersion in IQ among the sub-exposures or micro-
exposures will be necessary to judge how many meet the constraint required for the DP exposure. 
Thus Elixir must provide detailed statistical information on the sub-exposures or micro-
exposures so that the QSO system is able to evaluate the quality of the exposure taken (e.g. 
<IQ>), even if only one MEF file is saved in the QSO database.   

 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 


