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1 Introduction 
 
In order to account for the many changes in the on-board Observation Scripts Subsystem (OSS) 
functionality, as well as changes in science instrument operations since the ISIM CryoVac tests, 
a study and analysis of science visit execution times was conducted to identify updates needed 
for the APT Timing Model.  As science visit simulation capability has become more available 
and has improved in fidelity, the opportunity to use time-marked telemetry generated during visit 
execution has made possible a detailed examination of science observation execution durations.  
This detailed breakdown, in turn, provides a far more accurate basis for evaluating and updating 
the APT Timing Model. 
 
The need for a major Timing Model update first became evident after the OSS scripts had added 
significant new functionality, such as parallel science visits, target acquisitions, dithers, and 
small angle maneuvers (SAMs), following the ISIM CryoVac tests.  The addition of these flight-
critical functions added to the number of called scripts needed for each Science Instrument-
specific observation activity.  This in turn significantly increased the on-board evaluation time 
for observations, as compared to that previously estimated by the Timing Model.  Subsequent 
retuning of the on-board script processor provided a far faster evaluation for the scripts, adding 
another timing variation.   
 
These large evident timing changes, together with the availability of many more types of science 
observations that now included target acquisitions, dithers, subarrays, parallel calibrations and 
science visits, provided the motivation for a Timing Model update analysis.  The objective of the 
analysis was to, as accurately as possible, represent the currently available and expected 
operational timing of Observatory science operations. A plan was then developed to complete the 
analysis to be able to support the Guaranteed Time Observers (GTOs) with an updated Model 
that could be used to recalculate the predicted time needed for observations, and to have the 
Timing Model updates in place in APT for the General Observer Call for Proposals in January 
2020.  In the course of the analysis, once the actual timing was evident to Science Instrument, 
and Guider teams, as well as to the PPS Planning and Scheduling development team, several 
changes to processes were made to improve (reduce) the timing of select operations.  Thus, the 
Timing Model updates had a knock-on effect of not only capturing the new durations accurately, 
but revealing where improvements in efficiency could be incorporated while development was 
still ongoing.   
 
2 Study Description 
 
A series of science observation-centered activities, based on the operations expected during 
Normal Mission Operations was conducted over the past year and a half. These include: Science 
Operations Rehearsal 4 (SOR-4), Science Operations Rehearsal 4b (SOR-4b), Normal 
Operations 4 (NO4), Normal Operations 5 (NO5), Normal Operations 6 (NO6) and the Moving 
Target Test (MT Test).  Each activity included science visits as part of Observation Plans (OPs), 
that were planned using the S&OC PPS, and executed on the Observatory Test Bed (OTB) using 
OSS, and Spacecraft and ISIM FSW.  The OPs were loaded aboard the OTB using the Flight 
Operations Subsystem (FOS).  The FOS was also used to download the resulting engineering and 
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science data, process the engineering data, and pass both sets of data to the Data Management 
Subsystem (DMS).  Once the time-tagged event message telemetry generated by OSS during 
observations, was processed and stored in the FOS Engineering Data Repository, event message 
telemetry reports were created for executed science visits.  The processed event message 
telemetry was then parsed for operations timing data to create a basis for the Model update.  
Table 2-1 shows the software configurations for the first 5 activities. 
 

Table 2-1: APT Timing Model Execution Telemetry Activity Configurations 

  
SOR-4 

 
SOR-4b 

 
NO4 

 
NO5 NO6 

PPS 14.5 14.5 14.6 14.6 14.7 
  PPSDB 81 81 82_1 82_1 83.4 
  APT 26.2.2 26.2.2 27.1 27.1 27.2 
  VSS 14.5 14.5 14.6a 14.6.3 14.7.4 
  OPGS 14.5 14.5 14.6 14.6 14.7.1 
   ETC 1.3 1.3 1.3 1.3  
DMS 7.2 7.2 7.2.1 7.2.2 7.3 
WSS 6.2 6.2 6.2.1 6.2.1 6.2.1 
PRD PRDOPSSOC-J-021,         

OPSOTBP021_LOADSC039CR3191 
PRDOPSSOC-J-021,     

OPSOTBP021_LOADSC039_CR3191 
PRDOPSSOC-K-022,    

OPSOTBP025_LOADSC040_NormOps4 
PRDOPSSOC-K-022,    

OPSOTBP030_LOADSC042_NormOps5 
PRDOPSSOC-L-024, 
PRDITCIITS-P-082 

      
OSS 7.0.2 7.0.2 7.0.2 Build 8 8.0 
FOS 6.3 6.3 6.3 6.3 6.4 
OTB     

NO5 
 

  ISIM    
  FSW 14.44 14.44 14.45 14.47 14.51 
  FGS/NIRSS  
  FSW 6.6 6.6 6.6 6.6 6.9 
  NIRCam  
  FSW 4.2.03 4.2.03 4.2.03 4.2.03 4.2.03 
  SCE  
  FSW 3.2a 3.2a 3.3b 3.3b 3.3b 
  DSIM 7.03 7.04 7.04 7.05/1.14 7.05 
  VDS 4.4 4.4 4.4 4.5a 4.5a 
  SWTS  2.18.8 2.18.9 2.18.9 2.18.9 2.18.9 
  FGSES 3.4 plus two patches 3.4 plus two patches 3.4 plus two patches 3.5 w/ patch 4.0 w/patch 

 
The earliest activities and rehearsals had lower operational fidelity and fewer science modes and 
overall numbers of visits.  The fidelity of simulated science visits increased over time, with the 
full fine guiding capability for all science instruments and science modes coming online in the 
second half of 2019.  Early activities focused more on fundamental and simple science visits.  
With improving simulator stability and flight software (FSW) functionality, visits began to 
include dithers, target acquisitions, high gain antenna management around exposures, and small 
angle maneuvers. By August 2019, Normal Ops 6 (NO6) was able to execute GTO and Early 
Release Science simulated science visits for all instruments, in a stable (with a few exceptions) 
and operational environment.  For this reason, the NO6 set of visits was used to validate the 
Timing Model updates (see Section 5, below), and the Moving Target Test in September of 2019 
provided the first operational timing data for moving target science, and is included in the 
recommendations in this Study. 
 
The telemetry messages were separated into several major categories associated with visit 
timing.  These are: visit overheads, subarray configuration, end-of-visit activities, “in-between” 
overheads that reflect the timing associated with moving within a visit structure, OSS 
compilation, ASIC load time, exposure overheads, guide star acquisition, SAM overheads, target 
locate algorithms, mechanical moves, WFS&C mirror moves, and some SI-specific mode 
switching.   Some early data had to be discarded when it was discovered that variations in the 
configurations made it impossible to create consistent data sets.  Where possible, large combined 
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sets of telemetry were used to determine average durations for the same operations.  NO4, NO5, 
and NO6 provided the basis for most of the Model component updates.   
 
In Section 3 below, the resulting durations associated with each of the Timing Model categories 
are grouped and defined in terms of the components of the Timing Model.  The Timing Model 
algorithms, as relevant for each component, are described in detail and the PRD parameters that 
provide the operational values for the Timing Model formulas are defined for each Model 
component. 
 
3 Timing Model Description 
 
3.1 Timing Model Algorithm 
The APT Timing Model, is provided to the JWST proposer, together with the Exposure Time 
Calculator (ETC), to provide a basis for observing time requests and allocations.  In Figure 3-1 
below, the elements of the charged duration in a JWST proposal are outlined.  That charged 
duration includes the slew duration, the scheduling duration, the direct scheduling overhead, and 
the indirect overhead.  The APT Timing Model includes the slew duration and the scheduled 
duration, while the direct scheduling overhead and indirect overhead estimates originate in other 
parts of the JWST.  For reference to the basis for these other overhead estimates, see the JWST 
Observation Efficiency Allocation Report (JWST-RPT-004166). This document assesses indirect 
observatory overheads. Direct scheduling overheads are analyzed in JWST-STScI-005386 and 
JWST-STScI-006086. 
 
In Figure 3-1, the scheduling duration can be seen to be comprised of various overheads, as well 
as the exposures of the Science duration. In the following sections, each of these durations, as 
well as the slew duration, will be described.  In the case of the overhead duration, this will be 
broken down into the individual components for a detailed look at the timing formulas.  The 
PRD parameters for each component of the Timing Model are described and shown in their 
respective timing calculations, with key examples of rolled together durations where appropriate.   
The following sections begin first with an examination of the slew duration, and then move on to 
the components of the scheduling duration. 
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Figure 3-1: The Elements of Charged Duration in a JWST Proposal 

 
3.2 Slew Duration 
The slew duration estimation is determined differently depending on whether the estimate is for 
the initial visit slew, or if the estimate is for any subsequent slew in the visit. 
 
Slew duration is statistically estimated for the initial slew in a visit, since the actual slew length 
will only be determined when the visit is built into a Short-Term Schedule just prior to execution 
on-board JWST.  In order to make a reasonable estimate of an initial slew duration that could be 
used when proposing JWST observations, a series of scheduling studies based on visits from the 
JWST SODRM were performed.  In these scheduling studies, the average duration of initial 
slews was approximately 30 minutes.  This average duration is specified in the SOCOPS PRD 
file spacecraft_parameters.xml, as PRD parameter (initial_slew_duration). As on-orbit 
experience accumulates following JWST launch and Commissioning, this value will be updated, 
as needed.  Following this slew there is a settling wait duration, as documented in PRD 
parameter (visit_slew_wait_duration), with a value of 30 seconds. 
 
PRD Parameter Duration Values (current model): 
 

PRD Parameter Parameter Components Duration (seconds) 
visit_slew_wait_duration  30 
  30 Total 
initial_slew_duration  1800 
slew_duration Interpolated from table  

 
For subsequent slews within a visit, or subsequent visits in the same scheduling set, the slew 
distance is model based, with duration based on the maximum allowable slew speed.  The slew 
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speed is dependent on the distance the observatory will slew, as shown in Figure 3-2 below.  
This slew duration/distance function was developed by NGAS to minimize slosh in the 
propellant tanks during Observatory attitude changes.  The function is captured in the PRD as a 
table in the file visit_slew.xml, and is the basis for interpolated slew duration calculations. The 
overhead durations associated with Small Angle Maneuvers (short intra-visit slews) will be 
discussed in more detail in Section 3.3.3 below.  
 

 
Figure 3-2: Slew Duration vs. Slew Distance Function 

 
3.3 Scheduling Duration 
The Scheduling duration includes both the Science Duration and the Overhead Duration.  
 
SCHEDULING_DURATION = SCIENCE_DURATION + OVERHEAD_DURATION 
  
The Science Duration is the sum of all the time required to execute exposures within a visit, 
without any of the time required for the supporting overhead activities (guide star acquisition, 
exposure overheads, small angle maneuvers, etc.).  Science Duration is described as “photon 
collection” time and the formula for this duration is: 
 
SCIENCE_DURATION = SUM(CEILING(PHOTON_COLLECT_TIME for each exposure in a visit)) 
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APT calculates photon collecting time for each exposure in a visit (including supporting 
exposures such as Target Acquisition and confirmatory exposures). The Exposure Time 
Calculator (ETC) estimates signal-to-noise ratio based on the target, the science instrument 
configuration, and the exposure specification. Figure 3-3 below illustrates the components of an 
exposure duration.  Photons are collected during integrations, which consist of groups possibly 
separated by gaps. The summed duration of all integrations is the photon collection time for an 
exposure. Detector overheads before, between, and after integrations are not included in the 
science duration 
 

 
Figure 3-3: Components of the Exposure Duration 

 
The Overhead Duration includes the time required to perform all activities that support 
exposures, including initiating the visit, executing guide star acquisition, compiling scripts, 
executing short slews, moving mechanisms such as filter and grating wheels, configuring for and 
cleaning up after exposures, any Science Instrument-specific overheads that facilitate specific 
science modes, and cleaning up at the end of the visit.  The Overhead Duration is broken into ten 
specific duration elements, as shown in the formula below. 
 
OVERHEAD_DURATION = VISIT_OVERHEADS + VISIT_START_OH + CONSTRAINT_CHECK + 
GS_ ACQ_TIME + TARGET_ACQ_TIME  + TA_SUBARRAY_CFG_OH + SUM(SAM_TIME) + 
(MECHANISM_OVERHEAD) + SUM(EXPOSURE_OVERHEADS) + SI_SPECIFIC_OVERHEADS 
 
Each of these specific overhead elements will be discussed in detail in the following sections. 
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3.3.1 Visit Overheads 
VISIT_OVERHEADS = BETWEENS_OH + VISIT_END_OH + END_GUIDING 
+SI_EOV_COMP + SI_EOV_OH + MT_OVERHEAD 
 
PRD parameters mapped to timing model formula: 
 

 All Visits + Guided Visits + Moving Target Visits 
BETWEENS_OH visit_in_between_avg_overhead_duration   

VISIT_END_OH visit_end_overhead_duration   

END_GUIDING  fgsterminate_compilation_duration  

  gs_drop_guiding_duration  

MT_OVERHEAD   moving_target_visit_overhead 

 
 SI_EOV_COMP SI_EOV_OH 
NIRCam nircam_eov_compilation_duration nircam_fpe_reset_duration  

  nircam_asic_sync_duration 

NIRSpec nirspec_eov_compilation_duration nirspec_msa_config_bar_duration  

  nirspec_filter_move_duration 

  nirspec_msa_reconfig_overhead 

NIRISS niriss_eov_compilation_duration niriss_mode_transition_duration  

  oss_event_message_duration 

MIRI miri_eov_compilation_duration miri_eov_lamp_off_duration 

FGS N/A  

 
The visit overhead parameters account for the time required to execute those functions needed to 
start a visit, move between visit structures and end a visit.  There are also science instrument-
specific functions for the end of a visit included in this category of overhead durations.   
 
OSS takes approximately one second per transition when moving between and among individual 
group, sequence and activity visit structures.   The sum of the number of groups, sequences and 
activities in a visit determine the exact transition duration required for a specific visit.   However, 
the number of groups, sequences and activities with which a given visit will be built will not be 
known at the time a proposal is being prepared using APT, so an averaged time for this duration 
is used in the Timing Model, based on early Normal Operations practice data using GTO and 
ERS proposals.  With this parameter (visit_in_between_avg_overhead_duration), as with other 
averaged Timing Model parameter values, it is planned to reevaluate and make adjustments if 
needed, once more timing experience is gained on orbit.  
 
Visits using any science instrument to observe a Solar system object (a Moving Target visit) 
have an additional timing overhead included in the Timing Model, aside from that associated 
with the Moving Target Small Angle Maneuver (SAM).   This overhead covers the time required 
to load and enable or disable a Moving Target ephemeris (moving_target_visit_overhead). 
 
At the end of a visit, if the visit execution was nominal and the science instruments are still 
available and “healthy” (an implicit assumption used in modeling the visit duration for proposal 
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purposes), a series of actions are required to “clean-up” after the completed visit.  If the 
completed visit was guided, guiding is dropped and the Fine Guiding Sensor is reset to a nominal 
readiness state by running an FGS termination script. The time required for this function is 
covered by the two parameters (gs_drop_guiding_duration) and 
(fgsterminate_compilation_duration), which separates the script compilation duration from the 
duration needed to terminate guiding operations.  For every science visit the parameter 
(visit_end_overhead_duration) is used to cover the duration required for deleting the just-
completed visit file as well as any auxiliary files, from ISIM RAM, for enabling High Gain 
Antenna updates and tracking, and for marking the completed and recorded science and 
engineering data for SSR playback.   
 
At the end of a visit, there are also instrument-specific scripts that are run to return any “healthy” 
instruments used in the visit to a known nominal state of readiness for the next visit.  The time 
required for these end of visit activities include the script compilation times as well as the time 
for the activities themselves.  The compilation durations for these scripts are covered by the 
parameters (SI_eov_compilation_duration).  For a visit where NIRCam was used, the duration to 
complete the end of visit activities includes the time needed to reset the FPEs to FULL frame 
mode (nircam_fpe_reset_duration) and the time needed to synchronize the SCAs 
(nircam_asic_sync_duration).  At the end of a visit where NIRSpec was used, the time required 
to ensure that the filter wheel is in the OPAQUE position is given by the parameter 
(nirspec_filter_move_duration) and the time needed to close all the MSA shutters and block the 
IFU aperture is given by the parameters (nirspec_msa_config_bar_duration) or 
(nirspec_msa_reconfig_overhead). For a visit employing NIRISS, the end of visit duration is 
divided amongst, an activity to reset the detector to full-frame idle clocking by transitioning to a 
STANDBY configuration and an activity to transition the FSW to an Imaging mode 
(niriss_mode_transition_duration * 2), with each transition followed by an OSS event message 
(oss_event_message_duration * 2).  For a visit where MIRI is used, the duration for an activity 
ensuring that the lamp has been turned off is given by the parameter 
(miri_eov_lamp_off_duration).  
 
PRD Parameter Duration Values (current model): 
 

PRD Parameter Parameter 
Components Duration (seconds) 

visit_start_overhead_duration All visits 10 
oss_ope_constraint_duration All visits 8 
visit_in_between_avg_overhead_duration All visits 28 
visit_end_overhead All visits 12 
fgsterminate_compilation_duration All guided visits 5 
gs_drop_guiding_duration All guided visits 8.5 
moving_target_visit_overhead All MT visits 10 
nircam_eov_compilation_duration NIRCam 4 
nircam_fpe_reset_duration NIRCam 12 
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PRD Parameter Parameter 
Components Duration (seconds) 

nircam_asic_sync_duration NIRCam 8 
 NIRCam guided 95.5 Total  
nirspec_eov_compilation_duration NIRSpec 9 
nirspec_msa_config_bar_duration NIRSpec IFU only 20 
nirspec_filter_move_duration NIRSpec MOS 30 
nirspec_msa_reconfig_overhead  NIRSpec 117 
 NIRSpec MOS 227.5 Total 
niriss_eov_compilation_duration NIRISS 6 
niriss_mode_transition_duration * 2 NIRISS 4 
oss_event_message_duration * 2 NIRISS 2 
 NIRISS guided 83.5 Total 
miri_eov_compilation_duration  6 
miri_eov_lamp_off_duration  12 
 MIRI guided 89.5 Total 

 
3.3.2 Initial Overhead 
The initial overheads include the time required for activities done at the start of a visit once the 
initial slew is complete, as needed, to support guided observations, target acquisitions, and 
subarray configuration for NIRCam target acquisition. 
 
INITIAL_OVERHEADS = VISIT_START_OH + CONSTRAINT_CHECK + GS_ACQ_TIME + 
TARGET_ACQ_TIME + SUBARRAY_CFG_OH 
 
3.3.2.1 Visit Start Overhead and Constraint Checks 
The visit start overhead and constraint parameters account for the time required to execute those 
functions needed to start a visit, 
 
PRD parameters mapped to timing model formula: 
 

 All Visits 
VISIT_START_OH visit_start_overhead_duration 

CONSTRAINT_CHECK oss_ope_constraint_duration 

 
The visit start overhead (visit_start_overhead_duration) includes the time required to check the 
current momentum and determine whether an autonomous momentum unload is required before 
science can begin, and a check on the earliest and latest visit start times to verify that the visit 
can execute at the present time.  Momentum is checked first and if a momentum unload is 
required, the unload is executed before continuing with any other visit activities.   
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Following the momentum check and any needed unload, OSS checks whether the current time 
falls within the visit execution window; if not, the visit is terminated and OSS moves on to the 
next visit in the Observation Plan. If the present time falls within the visit execution window (the 
visit OP window), OSS next checks for the availability of science instruments for exposures 
within the visit.  The time required to complete this check, as well as the time for later checks of 
the continuing science instrument availability at the group and sequence levels of the visit, are all 
included in the parameter (oss_ope_constraint_duration).  [After successfully verifying the 
availability of any needed science instruments at the visit level, the slew activity is executed, 
with timing as described in Section 0 above.]  
 
3.3.2.2 Guide Star Acquisition Time 
PRD parameters mapped to timing model formula: 
 

 GS_ACQ_TIME 

 gs_acq_attempt_duration_for_large_slew 
 gs_acq_attempt_duration_for_small_slew 
 gs_reacq_fineguide_duration 
 gs_acq_attempt_duration_crowded_field 
 gs_acq_small_slew_angle 
 mt_gs_acq_attempt_duration 
 mt_gs_acq_attempt_duration_crowded_field 

 
In this section, the estimated durations for guide star acquisition under different conditions, as 
well as the approach taken to arrive at those estimates, is described. There are four guide star 
acquisition conditions for which timing estimates are provided: guide star acquisition following a 
long slew, acquisition following a short slew, acquisition in a crowded field of stars, and guide 
star acquisition for a Solar system (moving) target.  There is also a discussion of guide star 
reacquisition following a small angle maneuver (SAM) such as a dither.    
 
The values for fixed target guide star acquisition durations are captured in the following PRD 
parameters: gs_acq_attempt_duration_for_large_slew, gs_acq_attempt_duration_for 
small_slew,  and gs_acq_attempt_duration_crowded_field.  The parameter 
gs_acq_small_slew_angle provides the configurable value to distinguish a small slew from a 
large slew. The parameter, mt_gs_acq_attempt_duration provides the additional duration 
overhead that is incurred in the process needed to acquire a Solar system object. A single 
parameter addresses the durations associated with guide star reacquisition following a SAM for 
both fixed that remain in Track and moving targets. This is the parameter 
gs_reacq_fineguide_duration, and it is subtracted from the standard reacquisition time to account 
for the lack of time needed to reenter fine guide. 
 
The time required to acquire a guide star depends on which steps actually execute. Certain types 
of acquisition failure are recoverable by executing more steps. Since whether an individual guide 
star will be successfully acquired cannot be known until the on-orbit process is actually 
executed, in each case, the duration needed for the guide star acquisition process is based on a 
formula that takes into account the probability of failure at each appropriate step in the process.  
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The duration of each step is weighted by its probability of execution, and those weighted step 
durations are combined into an average duration for three of the conditions (long slew, short 
slew, crowded field). These average durations apply to a fixed target visit. Fixed target guide star 
acquisition is discussed first in this section, followed by moving target guide star acquisition, and 
finally guide star reacquisition. 
 
3.3.2.2.1 Fixed Target Guide Star Acquisition: 
For JWST, a visit can have up to three guide stars selected for execution.  The process begins with attempted acquisition 

of the first specified guide star. If fine guiding is achieved for this first guide star, the rest of the visit activities are 
executed.  If fine guiding is not achieved, acquisition of the second guide star is attempted and the process is repeated.  

The visit fails if acquisition of the last specified guide star fails.  The guide star acquisition process flow is shown below in  

Figure 3-4. 
 
The guide star acquisition (GSACQ) process follows two main branches.  Starting at the previous visit’s ending attitude, 
if the slew to the next visit’s starting attitude is larger than a configurable value (currently set at 5 arcminutes), the first 

branch of the GSACQ process will start with the identification (ID) function and proceed to the acquisition (ACQ) 
function, execute a small angle maneuver (SAM) to the science attitude, perform an attitude update with a possible 

centering slew, perform the ACQ function, attempt the TRACK function, and attempt the fine guide (FG) function.  The 
above description for the scenario where every function succeeds.  As seen in  

Figure 3-4, there are multiple ways a guide star acquisition can fail. When failure occurs, the 
process continues with the next specified guide star, if available.  
  
For the second branch, if the slew from the previous visit is less than 5 arc minutes (for example, 
when moving between tile positions in a mosaic), the ID function can be skipped and the process 
begins with a slew to the first science attitude and the start of the ACQ function.  The slew 
distance for each next visit is determined dynamically by the OSS scripts, and based on a 
comparison of that value to the configurable slew distance threshold, the appropriate GSACQ 
branch is chosen for execution. 
 

In  

Figure 3-4, the red text boxes contain the failure probabilities for each of the functions in the 
GSACQ process.   They are labeled A, B, C, …, H. If the letter label is followed by a number, 
the number indicates the probability for the first, second, or third occurrence of the function.  
The descriptions and pedigrees of the probability values are shown in Table 3-1.  In some 
functions, the values for each occurrence are identical.  They are currently called out separately 
in case the measured values are different once we have on-orbit experience. 
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Figure 3-4: The guide star acquisition process 
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Table 3-1: Description of guide star failure probabilities 

Label Failure  
Probability Comment 

A1 0.10 This is the failure probability caused by the guide star catalog contamination.  The 
non-stellar or binary property of the selected object will be first detected during the 
ACQ function.  See JWST-STScI-006184. 

A2 0.002 Second ACQ attempt on the object.  The failure rate is required to be better than the 
value listed.   SRD-155. 

B1 0.01 No requirement on TRACK or FG success. Estimated value. 
B2 0.01 No requirement on TRACK or FG success. Estimated value.  Duplicates B1 as 

placeholder in case different values determined on orbit. 
C 0.01 No requirement on TRACK or FG success. Estimated value. 
D1 0.03 This is the first ID attempt.  The higher failure rate is from assuming there may be 

residual motion after a large slew. 
D2 0.008 This is the second ID attempt.  By this time any residual motion should have been 

removed/decayed.  The failure rate is based upon requirement SRD-149. 
D3 0.008 This is the third ID attempt.   Same logic as D2. 
E 0.10 First ACQ attempt on object.  Failure same as A1. 
F 0.002 Second ACQ attempt on object.   Same failure as A2. 
G1 0.01 No requirement on TRACK or FG success. Estimated value. 
G2 0.01 No requirement on TRACK or FG success. Estimated value.  Duplicates G1 as 

placeholder in case different values are determined on orbit. 
H 0.01 No requirement on TRACK or FG success. Estimated value. 

 
As part of the GSACQ processing, there are three places where telescope motion may occur.   They are indicated by the 

green, pink, and blue filled shapes in  

Figure 3-4.  After the guide star ID and ACQ functions complete, the telescope moves to place 
the science target at the first science attitude.  This is shown by the pink shape.   If the GSACQ 
process starts with the ACQ function and it fails, then the telescope is repositioned to place the 
selected guide star at the ID pointing.  This is shown by the green shape.   As modeled, the mean 
distances for the slew to ID attitude and the SAM to science attitude are identical.  However, the 
timing will be different in that a slew has a 30 second wait while a SAM has a 10 second wait 
after the motion to allow fuel slosh to settle.  The blue shape represents a slew that could be the 
motion from the previously executed visit.  This slew can be many degrees and does not count as 
part of the GSACQ process, and the estimated duration for this slew is not included in any 
GSACQ duration estimate.  If the currently executing visit has more than one selected guide star 
and the first guide star fails, the blue shape represents the slew duration required to move from 
the first selected guide star ID position to the ID position of the next selected guide star.  The 
time required for this slew is included in the GSACQ duration estimate. 
 
The overall guide star acquisition duration for each of the four conditions is, roughly, a 
summation of the product of the duration of each step in the process and the probability of 
success at that step. In order to determine the mean duration of the individual steps, the telemetry 
of 38 guided visits in Normal Operations practice simulations was analyzed.  Those mean 
durations are shown in Table 3-2. 
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Table 3-2: Mean durations of the Guide Star Acquisition process components 
Name Mean [sec] STD [sec] Description 

cmplOH 11.256 0.000 FGSMAIN compile time 
IDdur 126.273 0.343 ID function duration 
ACQ at ID 16.252 0.577 First ACQ duration 
SAM2Sci 170.798 13.299 SAM plus timing overhead from ID to first science position, 

ID at (0,0) 
ACQ at 
science 5.237 0.038 Second ACQ 

ATTUP 45.415 0.512 Attitude Update, may include a centering SAM 
TRKatmp 3.241 0.517 Time to transition to TRACK 
FGatmp 7.785 0.719 Time to transition to Fine Guide 
SlwNxGS 182.454 46.143 Slew duration to the next Guide Star 
acqIDslew 

190.798 13.299 
mean duration of S/C slew from first science attitude to this 
GS's ID attitude. Same as SAM2Sci but with 20 seconds added 
for slew OH. 

ACQlt5 22.744 0.610 Mean duration for ACQ that occurs after less than 5 arcminute 
slew from previous visit. 

ATTUPlt5 45.544 3.199 Attitude Update, may include a centering SAM 
TRKatemplt5 0.555 0.522 Time to transition to TRACK 
FGatmptlt5 10.73 3.936 Time to transition to Fine Guide 

 
The value for SlwNxGS was determined by examining the separation distance between 908 
unique pairs of selected guide stars for visits that were used in earlier scheduling studies.  The 
distances were converted to slew durations.  The slew duration mean and standard deviation 
were calculated and the 49.46 second wait after a slew was added to the duration, with the total 
included in SlwNxGS. 
 
During this timing analysis, it became evident that always placing the guide star initially at the 
center of the detector  (0,0) for the ID function, was forcing the observatory to execute an 
additional slew to subsequently place the guide star at the science attitude.  This slew was shown 
to be, in 88% of the cases, sufficiently long to enter the “slow-down” region of the slew function, 
in order to mitigate slosh effects in the propellant tanks.  An alternate approach (“flexible ID”) 
was proposed, where, if the first science position for the guide star is greater than 25 arcseconds 
from the allowed edge of the detector, the ID function will be started at the first science position.  
And, if the guide star is closer than 25 arcseconds to the detector edge, the ID position will be 
positioned just inside the 25 arcsecond boundary.  Monte Carlo simulations and subsequent 
analysis showed that if the ID position was allowed to move based on the science attitude, for the 
non-crowded field fixed science target case, ~2 minutes could be cut from the GSACQ duration 
for this case.   Table 3-3, below, shows the mean SAM durations resulting from the Monte Carlo 
simulations and analysis. 
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Table 3-3: Mean SAM durations for the three ID position cases 
Case Mean [seconds] STD [seconds] 
ID crowded 163.80 43.55 
ID non-crowded 155.28 39.83 
Flexible ID position 61.66 30.40 

 
For the three ID position cases (crowded, non-crowded, flexible) the SAM2Sci values should be 
replaced by the values in Table 3-3.  Also, the corresponding acqIDslew values are given by 
adding 20 seconds to the SAM2Sci values.  The given value for SlwNxGS is valid for the 
crowded field case.  However, for the new flexible ID position case, the separation of pairs of 
guide stars at their ID positions is dependent upon the first science position of each star in the 
detector field.  A Monte Carlo simulation was created to determine the mean slew duration 
between ID positions.  Based on the results of that simulation, SlwNxGS, for the new flexible ID 
position case, = 78.70 ± 32.70 seconds. 
 
Because of the complexity of the GSACQ process, another Monte Carlo program was written to 
determine the mean GSACQ time for a visit.  It was assumed a visit had three, two, or one 
selected guide stars.  10 million samples were generated for each case.  The results are shown in 
Table 3-4. 
 

Table 3-4: Guide Star Acquisition duration for 1, 2, or 3 Guide Stars for the new flexible ID position case 

Num GSs 
Success Failure 
Mean [sec] STD [sec] Count Mean [sec] STD [sec] Count 

3 311.34 92.44 9986445 663.62 70.75 13555 
2 306.16 78.56 9877406 416.16 57.90 122594 
1 281.48 22.45 8893035 168.89 41.10 1106965 

 
The vast majority of visits will have two or three guide stars selected.  The difference between 
the two mean values for these two cases is less than 6 seconds.  We adopt 312 seconds for the 
GSACQ duration where the visit separation is equal to or larger than 5 arc minutes. 
 
The Monte Carlo program was extended to determine the mean GSACQ time for a visit when the 
visit separation is less than 5 arcminutes.  Only the case where the visit has three selected guide 
stars was examined.  Here the GSACQ mean duration is 121.71 ± 80.05 seconds. 10 million 
samples were used.  We adopt 122 seconds be used for the GSACQ duration when the visit 
separation is less than 5 arcminutes. 
 
The above analysis was repeated for the crowded guide star field ID position case. 
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Table 3-5: Guide Star Acquisition duration for 1, 2, or 3 Guide Stars for the crowded GS field ID position case 

Num GSs 
Success Failure 
Mean [sec] STD [sec] Count Mean [sec] STD [sec] Count 

3 427.14 133.13 9986445 663.62 70.75 13555 
2 419.59 112.49 9877406 539.26 96.48 122594 
1 383.62 22.45 8893035 178.94 68.47 1106965 

 
The vast majority of visits will have two or three guide stars selected.  The difference between 
the two GSACQ values is less than 8 seconds.  We adopt 428 seconds for the GSACQ duration 
when the visit is in a crowded guide star field. 
 
The overall guide star acquisition probability for a fixed target is 0.889. 
 
3.3.2.2.2 Moving Target Guide Star Acquisition: 
The moving target (MT; a Solar System target) guide star acquisition process is similar to the 
process for a fixed target case.   However, for the moving target case only a single process 
branch occurs, as the guide star identification function will always occur.  In addition, since the 
target will have an apparent angular motion on the sky, up to 200 guide stars are provided with 
the visit (sorted by the guide star’s earliest start time and latest start time) to support event driven 
operations over the earliest possible start time and the latest possible end time of the MT visit.  
The specific guide star that will be used for guiding is selected based on when the MT GSACQ 
activity starts.  As with the fixed target GSACQ process, up to three guide stars can be processed 
during the MT GSACQ execution, based on the success of each guide star candidate.  If fine 
guiding is achieved on the first guide star attempt, the rest of the visit activities are executed.  If 
the first guide star acquisition fails to achieve fine guiding, a second guide star, if available, is 
selected and the process is repeated.  The visit fails if all available selected guide stars (up to a 
maximum of 3) fail to achieve fine guiding. 
 
The moving target guide star acquisition process is shown in Figure 3-5.  Note the decision 
points and probabilities are identical to the fixed target GSACQ case.  However, the number, 
type, and durations of the functions between decision points can be different. 
 
Every visit starts with a slew activity (the green shape in the figure).  The scheduling software 
will use the guide star ID attitude of the selected guide star, if the visit executes at its scheduled 
time, to direct the slew activity.     
 
During the MT GSACQ processing, there are two places where telescope motion will occur.   
They are indicated by the blue and pink filled shapes.  To support event driven operations, after 
the MT GSACQ process starts, the OSS will select the guide star in the provided guide star list 
whose earliest start time and latest start time bracket the scheduled visit’s start time.  The OSS 
will then command a slew (blue shape) to place the guide star at the ID attitude.  Even if the 
guide star position used to direct the visit slew command is the same as this selected guide star, a 
slew command (zero distance) will still be executed.  After the guide star ID and ACQ function, 
the telescope performs a small angle maneuver (SAM)  to place the guide star at a starting 
position (P8) needed to track the moving target.  This places the science target at the first science 
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attitude that corresponds to the MT tracking start time (T8).  This telescope movement is 
indicated by the pink shape.  An acquisition is performed at the P8 position, followed with a 
transition to TRACK and closed loop guiding.  The OSS then waits until time T8 to enable the 
MT tracking.   
 
Note, if the currently executing visit has more than one provided guide star and the selected 
guide star fails during the GS acquisition, the blue shape now represents the slew duration 
required to move from the first selected guide star position to the ID position of the next selected 
guide star. 
 

 
Figure 3-5: The Moving Target Guide Star Acquisition process 
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The mean durations of the moving target guide star acquisition components were determined by 
analysis of the telemetry of 15 visits used in moving target simulations run in September 2019.  
These are shown in Table 3-6. 
 

Table 3-6: Mean durations of the MT Guide Star Acquisition components 

Name Mean [sec] STD [sec] Description 
cmplOH 11.595 0.456 FGSMTMAIN compile time 
Slw2ID 62.900 2.560 Mean slew duration to the ID position 
IDdur 110.936 0.937 ID function duration 
ACQ at ID 19.714 0.531 First ACQ duration 
ATTUP1 35.844 0.001 Attitude Update 1, includes a centering SAM 
SAM2P8 163.80 43.55 SAM plus OH from ID to first science position intercept 

Non-crowded field; from Table 3. 
SAM2P8 155.28 39.83 SAM plus OH from ID to first science position intercept 

Crowded field; from Table 3. 
ACQ at P8 2.445 1.174 Second ACQ 
ATTUP2 38.182 0.529 Attitude Update 2, includes a centering SAM 
TRKatmp 24.543 2.562 Time to transition to TRACK and closed loop guiding 
Wait 0.000 0.000 Wait until start of MT tracking (time T8) 
enableMTt 12.620 1.276 Enable and transition to MT tracking 
SlwNxGS 182.454 46.143 Slew duration to the next Guide Star ID position 

 
The value for Slw2ID was determined assuming the visit starts execution at its nominal 
scheduled start time.   This implies a zero length slew distance so the duration (blue shape) will 
be the sum of minimum slew time (20.48), ACS settle time (30), and finish HGA motion (12.42).   
The wait until the start of MT tracking is estimated to be zero as the OSS delay constants were 
adjusted based upon the moving target telemetry. 
 
The Monte Carlo program was extended to determine the mean GSACQ times for a MT visit 
when the target is in a non-crowded and crowded guide star field.  Again, it was assumed a visit 
had three, two, or one selected guide stars.  10 million samples were generated for each case.  
The results are shown in Table 3-7 and Table 3-8. 
 

Table 3-7: Guide Star Acquisition duration for 1, 2, or 3 Guide Stars for the MT non-crowded GS field ID position case 

Num GSs 
Success Failure 
Mean [sec] STD [sec] Count Mean [sec] STD [sec] Count 

3 547.40 207.59 9986445 1402.84 119.50 13555 
2 535.53 172.77 9877406 834.55 97.55 122594 
1 478.89 20.21 8893035 266.95 69.23 1106965 
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Table 3-8: Guide Star Acquisition duration for 1, 2, or 3 Guide Stars for the MT crowded GS field ID position case 

Num GSs 
Success Failure 
Mean [sec] STD [sec] Count Mean [sec] STD [sec] Count 

3 556.02 205.99 9986445 1405.35 123.70 13555 
2 544.13 173.11 9877406 836.20 100.96 122594 
1 487.41 20.21 8893035 267.78 71.64 1106965 

 
The vast majority of visits will have two or three guide stars selected.  The difference between 
the two GSACQ values is less than 12 seconds for both the crowded and non-crowded cases.  
We adopt 547 seconds for the GSACQ duration when the visit is in a non-crowded GS field 
(mt_gs_acq_attempt_duration) and 556 seconds for the GSACQ duration when the visit is in a 
crowded GS field (mt_gs_acq_attempt_duration_crowded_field). 
 
As in the case of a fixed target observation, the guide_star_acquisition_probability for a single 
MT GSACQ is 0.889. 
 
3.3.2.2.3 Guide Star Reacquisition:  
The parameter gs_reacq_fineguide_duration provides the time required for that subset of 
functions responsible for getting from Track into Fine Guiding to execute during the guide star 
reacquisition process.  This duration is subtracted from the guide star acquisition duration for any 
observations, when the reacquisition process stops at Track, including for moving target 
observations.  (This duration is subtracted for moving target reacqs, as the APT code starts with 
the reacquisition duration from the PRD’s GS dither overhead table (82.5s), which includes 
timing for the transition to Fine Guide.) 
 
PRD Parameter Duration Values (current model): 
 

PRD Parameter Parameter Components Duration (seconds) 
gs_acq_attempt_duration_for_large_slew  312 
gs_acq_attempt_duration_for_small_slew  122 
gs_reacq_fineguide_duration  12 
gs_acq_attempt_duration_crowded_field  428 
mt_gs_acq_attempt_duration  547 
mt_gs_acq_attempt_duration_crowded_field  556 
gs_acq_small_slew_angle 5 arcminutes 0.083333 (degrees) 

 
3.3.2.3 Target Acquisition Time 
The approach to estimating the duration required for Target Acquisition (TA), is split into two 
categories, one for the NIRSpec MSA TA and one for all other target acquisitions.  Below, the 
general approach will be discussed first, followed by a description of the MSATA duration 
estimate process. 
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General Approach: 
 
TARGET_ACQ_TIME = TA_SCRIPT_COMP + (MECHANISM_OVERHEAD) + 
EXPOSURE_OVERHEADS + PHOTON_COLLECT_TIME + TA_LOCATE + SAM_TIME 
 
PRD parameters mapped to timing model formula: 
 

 TA_LOCATE TA_SCRIPT_COMP 
NIRCam nircam_sub32_ta_locate_duration nircam_ta_compilation_duration 
 nircam_sub64_ta_locate_duration  
 nircam_sub128_ta_locate_duration  
NIRISS niriss_ta_locate_duration niriss_ta_compilation_duration 
MIRI miri_ta_locate_duration miri_ta_compilation_duration 
 miri_coron_ta_locate_duration  
 miri_ta_data_transfer_rate_per_group  
NIRSpec WATA nirspec_wata_ta_locate_duration nirspec_wata_compilation_duration 
FGS N/A N/A 

 
The general approach to TA duration estimation includes a breakout of the activities and 
parameters used in estimating a science exposure duration, with the addition of the centroiding 
calculations needed to determine the target location, and a Small Angle Maneuver (SAM) of the 
target to the TA aperture location.  For each Science Instrument, the time estimate includes the 
compilation time needed for the top-level TA OSS script (SI_ta_compilation_duration).  For 
NIRSpec this includes the wide-aperture TA (WATA), but not the MSATA, discussed later in 
this section. The time required for any needed mechanism movement such as setting the filter or 
grating wheels is included in the TA time and is estimated as described in Section 3.3.4.   
 
Exposure overheads for the TA exposure(s) are calculated as for science exposures, as described 
in Section 3.3.5, excluding photon collection time calculated by APT.   An estimate is provided 
for the average time required to calculate the centroids and moments needed to locate the target 
position in the specified target location subarray (SI_xxx_ta_locate_duration).  And, finally, the 
time needed to execute a SAM to place the target at the TA aperture location, is calculated as 
described in Section 3.3.3, below. 
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General TA PRD Parameter Duration Values (current model): 
 

PRD Parameter Parameter Components Duration (seconds) 
nircam_sub32_ta_locate_duration NIRCam 50 
nircam_sub64_ta_locate_duration NIRCam 175 
nircam_sub128_ta_locate_duration NIRCam 565 
nircam_ta_compilation_duration NIRCam 22 
niriss_ta_locate_duration NIRISS 346 
niriss_ta_compilation_duration NIRISS 18 
miri_ta_locate_duration MIRI 60 
miri_coron_ta_locate_duration MIRI 102 
miri_ta_data_transfer_rate_per_group MIRI 0.2 
miri_ta_compilation_duration MIRI 18 
nirspec_wata_ta_locate_duration NIRSpec 62 
nirspec_wata_compilation_duration NIRSpec 25 

 
3.3.2.3.1 NIRSpec MSATA: 
PRD parameters mapped to timing model formula: 
 

 TARGET_ACQ_TIME 
NIRSpec MSATA nirspec_msa_ta_locate_duration 
 nirspec_msa_ta_added_msata_duration 
 nirspec_msa_ta_max_num_refstars 
 nirspec_msa_ta_min_num_refstars 
 nirspec_asic_load_duration 
 nirspec_asic_load_frequency 

 
The calculation of the NIRSpec MSATA duration takes a different approach.  Instead of 
providing separate parameters for script compilation, mechanism moves, SAM times, photon 
collection time, and exposures overheads, this estimate relies on a simplified model based on two 
rolled-together average durations.  One of these parameters is for all TA-related activities that 
are dependent on the number of reference stars, and the other parameter is for those activities 
that are independent of the number of reference stars. To this duration is added the probability of 
an ASIC load.     
 
At this time, the NIRSpec team has recommended that the proposal duration estimate for 
NIRSpec MSA Target Acquisition be a fixed amount of time based on the average of the shortest 
(NRSRAPID) and longest (NRSRAPIDD6) readout modes per reference star, and that eight 
reference stars be used. Reference stars cannot be selected until the orient is specified. For MSA 
observations, most orients will be assigned after proposal selection, when a long-range plan is 
constructed. Balancing efficiency against TA accuracy and reliability, the NIRSpec team 
recommends using eight reference stars. An eight-reference star MSATA typically yields an 
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accuracy of 15 mas (less than 10% the width of a shutter) for a 5 mas input catalog astrometry 
value and a MSATA success rate of 99.9%. Assuming a fixed number of reference stars when 
calculating charged time mitigates the risk that observers will skimp on reference stars to reduce 
overhead by a small amount. The MSATA exposure overhead is split into a component that 
depends on the number of reference stars (centroiding calculation; 
nirspec_msa_ta_locate_duration), and a component that does not depend on the number of 
reference stars (nirspec_msa_ta_added_msata_duration).  While the second term does depend 
on the readout pattern, an average value as determined from telemetry is recommended for 
making the timing estimate because reference star brightness is generally not known until after 
proposal selection.  
The estimate of the total duration also includes the probability of a transition from the IRS2 
mode to a traditional readout mode.  As was done for the science observation block, a frequency 
factor of 0.5 (nirspec_asic_load_frequency) is multiplied by the time required to make a mode 
switch (nirspec_asic_load_duration), and this value is added to the total time estimate. 
 
The total NIRSpec MSATA overhead can then be calculated: 
 
TARGET_ACQ_TIME = (nirspec_msa_ta_max_num_refstars * nirspec_msa_ta_locate_duration) + 
nirspec_msa_ta_added_msata_duration + (nirspec_asic_load_frequency * nirspec_asic_load_duration) 
 
NIRSpec MSATA PRD Parameter Duration Values (current model): 
 

PRD Parameter Parameter Components Duration (seconds) 
nirspec_msa_ta_max_num_refstars *8  
nirspec_msa_ta_locate_duration  120 
nirspec_msa_ta_added_msata_duration  871 
nirspec_asic_load_frequency *0.5  
nirspec_asic_load_duration  434 
  2048 Total 
nirspec_msa_ta_min_num_refstars  5 

 
3.3.2.4 Subarray Configuration Overhead 
PRD parameters mapped to timing model formula: 
 

 NIRCam 
SUBARRAY_CFG_OH nircam_subarray_compilation_duration 

 nircam_subarray_config_duration 

  
Unlike the other instruments, NIRCam typically uses a separate activity to configure subarrays 
for use by subsequent activities that obtain exposures. NIRCam subarray configuration adds to 
the overall duration of several exposure types.  For grism exposures or for extended source 
imaging (excluding coronagraphy), five subarray configuration commands are required, one per 
detector within a module.  For point sources, two subarray configurations are required. All other 
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expsure types (target acquisition, coronagraphy, FULL frame, etc.) require only a single 
configuration.  To calculate the subarray configuration duration for any NIRCam visit using a 
subarray, a single script compilation duration (nircam_subarray_compilation_duration) is added 
to the number of configurations multiplied by the subarray configuration duration 
(nircam_subarray_config_duration). 
 
SUBARRAY_CFG_OH = nircam_subarray_compilation_duration + (nircam_subarray_config_duration * 
number of configurations) 
 
 
PRD Parameter Duration Values (current model): 
 

PRD Parameter Parameter 
Components Duration (seconds) 

nircam_subarray_compilation_duration  6 
nircam_subarray_config_duration per config command 10 
 1/2/5 detectors 16/26/56 Total 

 
3.3.3 Small Angle Maneuvers (SAMs) 
SAM_TIME = [SAM_COMP] +GS_SAM_OH + SAM_OH + EV_MESSAGES + SLEW_OH + SAM duration 
+ SAM_WAIT [+ MT_REACQ_OH – TRACK_FG_OH] 
 
PRD parameters mapped to timing model formula: 
 

 FSM SAM FG Track SAM FG Acq SAM Unguided SAM Moving Target 
SAM 

SAM_COMP sam_compilation_du
ration 

sam_compilation_du
ration 

sam_compilation_d
uration 

sam_compilation_dura
tion 

sam_compilation_duratio
n 

GS_SAM_OH overhead_duration overhead_duration overhead_duration  overhead_duration 
SAM_OH  sam_overhead_durat

ion 
sam_overhead_dur
ation 

sam_coarse_overhead
_duration 

sam_overhead_duration 

EV_MESSAGES oss_event_message_
duration 

oss_event_message_
duration 

oss_event_message
_duration 

oss_event_message_du
ration 

oss_event_message_durat
ion 

SAM duration  slew_duration slew_duration slew_duration slew_duration 
SAM_WAIT fsm_wait_duration sam_wait_duration sam_wait_duration sam_wait_duration sam_wait_duration 
MT_REACQ_OH     moving_target_guide_sta

r_reacq_overhead 
TRACK_FG_OH  gs_reacq_fineguide_

duration 
  gs_reacq_fineguide_durat

ion 

 
3.3.3.1 Five types of SAMS: 
For purposes of visit timing there are five types of Small Angle Maneuvers (SAMs) that are 
executed during a visit: a Fine Steering Mirror (FSM) SAM, a SAM that requires reentering fine 
guiding from Track mode, a SAM that requires reentering fine guiding from Acquisition mode, a 
SAM done while not guiding, and a Moving Target SAM. 
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The SAM_COMP overhead (sam_compilation_duration) is only present in what could be termed 
“activity-level” SAMs, which show up explicitly in the visit file as a call to the OSS script 
SCSAMMAIN.  These may occur between TA and science attitudes, between mosaic tiles and 
when moving from the final dither point of one science activity (exposure specification) to the 
first dither point of the next (if necessary).  For this reason, the SAM_COMP is enclosed in 
square brackets in the formula above, to indicate that it is optional. 
 
3.3.3.1.1 FSM SAM 
When the observatory is in fine guide and the SAM distance is less than 0.06 arcsec 
(fsm_distance), the Fine Steering Mirror (FSM) executes the offset and no explicit change in 
Observatory attitude is needed. High Gain Antenna (HGA) movement is not enabled for an FSM 
SAM.  The time required for this activity can be modeled as a sum of the guiding-related SAM 
overhead duration, including the time for event messages, the time required for the SAM itself, 
and the settling time following the FSM movement before the next exposure can begin.  The 
FSM SAM guiding-related overhead duration (overhead_duration) includes time needed to 
retrieve the guiding data and check that the Observatory isn’t in motion and that a prior slew has 
been executed for the visit.   
 
PRD Parameter Duration Values (current model): 
 

PRD Parameter Parameter Components Duration (seconds) 
overhead_duration  5 
oss_event_message_duration 2 event messages 2 
fsm_wait_duration  5 
  12 Total 

 
3.3.3.1.2 Reenter FG from Track SAM 
When the Observatory is in fine guide and the SAM distance is between 0.06 and 25 arcsec, the 
Observatory switches to track mode before performing the SAM. High Gain Antenna (HGA) 
movement is enabled during this SAM, to allow antenna tracking during the slew, and then 
disabled at the end of the SAM.  The time required for this activity is modeled as the sum of the 
guiding-related SAM overhead duration, SAM overhead duration, the time required for the 
actual movement (slew_duration) (a value that is interpolated based on the slew distance using 
the PRD visit_slew_table), additional event messages (oss_event_message_duration), and the 
settling time needed following the SAM movement (sam_wait_time) before the next exposure 
can begin. The SAM guiding-related overhead duration (overhead_duration) includes time 
needed to both drop fine guiding and to reacquire fine guiding following the SAM.  The SAM 
overhead duration (sam_overhead_duration) includes the time to enable/disable the HGA flag at 
the beginning and end of the SAM, to transform coordinates from FGS Ideal to FGS Detector 
frame, to manage slots, to command the ADU for FSM mode, and to send OSS event messages.   
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PRD Parameter Duration Values (current model): 
 

PRD Parameter Parameter Components Duration (seconds) 
overhead_duration   
gs_drop_guiding_duration Drop guiding 8.5 
 Reenter FG from track 28.5 
sam_overhead_duration   
 HGA flag enable 1.5 
 Coordinate transform 2 
 ADU command 2 
 Slot management and event 

messages 
3 

 HGA flag disable 8 
oss_event_message_duration 2 messages 2 
sam_wait_duration  10 
  65.5 Total 
slew_duration Interpolated from table  

 
3.3.3.1.3 Reenter FG from Acquisition SAM 
When the Observatory is in fine guide and the SAM distance is greater than 25 arcsec, the 
Observatory switches to acquisition mode before performing the SAM. High Gain Antenna 
(HGA) movement is enabled during this SAM, to allow antenna tracking during the slew, and 
then disabled at the end of the SAM.  The time required for this activity is modeled as the sum of 
the guiding-related SAM overhead duration, SAM overhead duration, the time required for the 
actual movement (slew_duration) (a value that is interpolated based on the slew distance using 
the PRD visit_slew_table), some additional event messages (oss_event_message_duration), and 
the settling time needed following the SAM movement (sam_wait_time) before the next 
exposure can begin.  The SAM guiding-related overhead duration (overhead_duration) includes 
time needed to both drop fine guiding and to reacquire fine guiding following the SAM.  The 
SAM overhead duration (sam_overhead_duration) includes time to enable/disable the HGA flag 
at the beginning and end of the SAM, to transform coordinates from FGS Ideal to FGS Detector 
frame, to manage slots, to command the ADU for FSM mode, and to send OSS event messages.   
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PRD Parameter Duration Values (current model): 
 

PRD Parameter Parameter Components Duration (seconds) 
overhead_duration   
gs_drop_guiding_duration Drop guiding 8.5 
 Reenter FG from acq 74 
sam_overhead_duration   
 HGA flag enable 1.5 
 Coordinate transform 2 
 ADU command 2 
 Slot management and event 

messages 
3 

 HGA flag disable 8 
oss_event_message_duration 2 messages 2 
sam_wait_duration  10 
  111 Total 
slew_duration Interpolated from table  

 
3.3.3.1.4 Unguided SAM 
When the Observatory is not in fine guide and this is not the first slew of the visit, High Gain 
Antenna (HGA) movement will already have been enabled to allow antenna tracking during the 
slew.  The time required for this activity can be modeled as a sum of the time required for the 
actual movement (slew_duration) (a value that is interpolated based on slew distance from the 
PRD visit_slew_table), some additional event messages (oss_event_message_duration), the time 
needed to send an ADU command (sam_coarse_overhead_duration), and the settling time 
needed following the SAM movement (sam_wait_time).   The first visit slew is discussed above 
in Section 0.  
 
PRD Parameter Duration Values (current model): 
 

PRD Parameter Parameter Components Duration (seconds) 
oss_event_message_duration 2 messages 2 
sam_coarse_overhead_duration ADU command 5 
sam_wait_duration  10 
  29 Total 
slew_duration Interpolated from table  

 
3.3.3.1.5 Moving Target SAM 
The Observatory is tracking, this is not the first slew, and a Moving Target (MT) visit is 
executing.  The Observatory, after dropping from Track mode, performs a small angle maneuver 
during a moving target visit, and then reenters Track mode.  The duration required for this 
activity can be estimated as the time required for a SAM where the visit reenters Fine Guiding 
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from guide star acquisition (see Section 3.3.3.1.3 for additional information on this type of 
SAM), except that the reacquisition proceeds to Track mode only. This shortens the time 
required for this part of the reacquisition, and the parameter gs_reacq_fineguide_duration, which 
provides the duration to go from Track mode to Fine Guide mode, is subtracted from the total.  
Also, there is an extra duration overhead due to the coordination required to reenter the guide 
star ephemeris path for a MT.  This increases the reacquisition duration, so the parameter 
moving_target_guide_star_reacq_overhead is added to the total duration. 
 
PRD Parameter Duration Values (current model): 
 

PRD Parameter Parameter Components Duration (seconds) 
sam_compilation_duration  12 
overhead_duration   
gs_drop_guiding_duration Drop guiding 8.5 
 Reenter FG from acq 74 
sam_overhead_duration   
 HGA flag enable 1.5 
 Coordinate transform 2 
 ADU command 2 
 Slot management and event 

messages 
3 

 HGA flag disable 8 
oss_event_message_duration 2 messages 2 
sam_wait_duration  10 
moving_target_guide_star_reacq_overhead  25 
gs_reacq_fineguide_duration  -12 
  136 Total 
slew_duration Interpolated from table  

 
3.3.4 Mechanism Overhead 
Visits typically specify a sequence of filter and pupil/grating wheel configurations. When 
moving to a new configuration, wheels rotate in the direction that traverses the fewest positions. 
Each wheel reconfiguration has an actual duration that depends on the number of wheel positions 
traversed. For simplicity, the APT overhead model assumes that the initial configuration is 
unknown and that each move traverses an instrument-dependent average number of positions. 
The average for each wheel is derived assuming each position is equally likely. NIRISS, 
NIRCam and MIRI all have some overhead when a wheel is commanded to the current position, 
while NIRSpec checks for this condition before sending a command for the grating wheel, but 
not for the filter wheel.  However, the filter wheel command is successful immediately if the 
wheel is already in the correct position.  Some time is required for the grating wheel telemetry 
check, so that overhead exists even when the grating wheel is already in a correct position.  So, 
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the NIRSpec filter wheel is the only wheel that has no overhead at all when already in the correct 
position. 
 
The individual parameters, calculations and durations for wheel moves are described for each 
Science Instrument in the following subsections. 
 
3.3.4.1 NIRISS 
PRD parameters mapped to timing model formula: 
 

MECHANISM_OVERHEAD 
niriss_wheel_base_duration 
niriss_wheel_position_move_duration 
niriss_wheel_post_move_duration 

 
MECHANISM_OVERHEAD = niriss_wheel_base_duration + (# wheel positions * 
niriss_wheel_position_move_duration) + niriss_wheel_post_move_duration 
 
NIRISS has a filter wheel and a pupil wheel. When a move is required, each wheel has a total of 
nine positions, yielding an average move of 2.5 positions.  If a command to move the wheel is 
sent and the wheel is already in place, the command will take 12 seconds to execute.  It is 
assumed that both wheels will move for the first exposure in a visit.  
 
PRD Parameter Duration Values (current model): 
 

PRD Parameter Parameter Components Duration (seconds) 
niriss_wheel_base_duration  12 
niriss_wheel_position_move_duration  4  
niriss_wheel_post_move_duration  10 
 Average # wheel positions=2.5 32 Total 
 Command to current position 12 Total 

 
3.3.4.2 NIRSpec 
PRD parameters mapped to timing model formula: 
 

MECHANISM_OVERHEAD 
nirspec_grating_tlm_duration 
nirspec_grating_move_duration 
nirspec_filter_move_duration 

 
MECHANISM_OVERHEAD = nirspec_grating_tlm_duration + (nirspec_grating_move_duration for 
assumed 2 wheel positions) + (nirspec_filter_move_duration for assumed 2 wheel positions) 
 
NIRSpec has a filter wheel and a grating wheel.  Each wheel has a total of eight positions, 
yielding an average move of 2 positions, whether or not a move is required.  Before sending a 
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command to move the grating wheel, a telemetry check is done to determine if the grating wheel 
is already in the requested position.  If so, the grating wheel command isn’t sent. 
 
PRD Parameter Duration Values (current model): 
 

PRD Parameter Parameter Components Duration (seconds) 
nirspec_grating_tlm_duration  10 
nirspec_grating_move_duration 2 position move 70  
nirspec_filter_move_duration 2 position move 30  
  110 Total 

 
3.3.4.3 NIRCam 
PRD parameters mapped to timing model formula: 
 

MECHANISM_OVERHEAD 
nircam_wheel_sensor_read_duration 
nircam_wheel_pair_move_duration 
nircam_wheel_minimum_duration 
nircam_wheel_telemetry_duration 
nircam_wheel_cmd_to_same_pos_duration 
nircam_wheel_positions_moved 

 
NIRCam has four pupil wheels and four filter wheels. OSS uses one command to configure the 
pupil wheels and another command to configure the filter wheels. A wheel commanded to the 
current position does not move. The overhead for one command depends on the number of 
wheels commanded (Ncmd), the number of wheels moved (Nmove), and the maximum number 
of positions any wheel is moved (Npos). Ncmd can be 1 (single detector, e.g., target acquistion), 
2 (module A or B), or 4 (module A and B). Nmove can be 0 through ncmd. With these 
definitions, the overhead for moving either the pupil wheels or the filter wheels is: 
 
MECHANISM_OVERHEAD = nircam_wheel_minimum_duration + nircam_wheel_telemetry_duration + 
nircam_wheel_sensor_read_duration * Ncmd + (nircam_wheel_pair_move_duration + Npos) * 
CEILING(Nmove/2) – nircam_wheel_cmd_to_same_pos_duration * (Ncmd - Nmove) 
 
The CEILING function accounts for the fact that NIRCam can move at most two wheels at the 
same time, due to power considerations. The last term corrects the overhead calculation for 
wheels that do not move. 
 
PRD Parameter Duration Values (current model): 
 

PRD Parameter Parameter Components Duration (seconds) 
nircam_wheel_sensor_read_duration  10 
nircam_wheel_positions_moved  3 
nircam_wheel_pair_move_duration Average wheel pair move = 3  14 
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nircam_wheel_minimum_duration  16 
nircam_wheel_telemetry_duration  3 
nircam_wheel_cmd_to_same_pos_duration Wheel didn’t have to move 6 

 
NIRCam wheels have 12 positions, yielding an average Npos of 3, including the possibility of no 
move. As a simplification when calculating overheads, APT sets 
Npos=(nircam_wheel_positions_moved). With these PRD values, the formula above yields the 
following overheads for one set of wheels (pupil or filter): 
 

Ncmd Nmove Overhead 
1 0 23 
1 1 46 
2 0 27 
2 1 50 
2 2 56 
4 0 35 
4 2 64 
4 4 93 

 
APT sums the overhead for pupil and filter wheels. For example, when using only one module 
(Ncmd=2), moving both long and short wavelength filter (Nmove=2) takes 56 seconds and 
keeping both pupil wheels at clear (Nmove=0) takes 27 seconds, yielding a total overhead of 83 
seconds. When using both modules (Ncmd=4), moving all four filter wheels (Ncmd=4) and all 
four pupil wheels (Ncmd=4) takes 93+93=186 seconds. APT assumes that all wheels move at the 
start of a visit (186 seconds) because APT doesn't have enough information to know the entry 
state of the wheels. 
 
OSS generally commands the NIRCam filter and pupil wheels once per activity. An activity 
generally corresponds to one APT exposure specification and may include dithers or repeat 
exposures. Thus, each activity incurs some mechanism overhead, even if no wheels move, but 
there no additional mechanism overhead for adding dithers or repeat exposures to a single 
activity. 
 
3.3.4.4 MIRI 
PRD parameters mapped to timing model formula: 
 

MECHANISM_OVERHEAD 
miri_filter_move_duration 
miri_grating_move_duration 
miri_zero_filter_move_duration 
miri_zero_grating_move_duration 
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MECHANISM_OVERHEAD = (miri_filter_move_duration * # of commands where filter wheel moves) + 
(miri_zero_filter_move_duration * # of commands for filter wheel that doesn’t need to move) + 
(miri_grating_move_duration * # of commands where grating mechanism moves) + 
(miri_zero_grating_move_duration * # of commands for grating mechanism that doesn’t need to move) 
 
MIRI has a single filter wheel and two IFU grating mechanisms (serving four IFU channels).  
The filter wheel has a total of eighteen positions, yielding an average move of 4.5 positions, 
including the possibility of no move.  The two IFU grating mechanisms (one for the MRSLONG 
detector and one for the MRSSHORT detector) each have 3 positions, yielding an average move 
of 1 position, excluding the possibility of no move.  The APT Timing Model assumes that every 
commanded mechanism moves at the visit start.  For subsequent commanded mechanism moves, 
if the wheel/mechanism is already in place, the time required for this is just a sum of the 
overhead associated with sending a command and reading the resulting telemetry.  (The currently 
implemented MIRI filter move duration is modeled on CV3 data.  However, the new 
theoretically determined value for the filter move is 11s + steps*9s, which is 50s for 4.5 steps.  
This will be implemented in a future PRD update.) 
 
PRD Parameter Duration Values (current model): 
 

PRD Parameter Parameter Components Duration (seconds) 
miri_filter_move_duration  14 s (settling) + 4.5 (steps)* 8 s 50 
miri_grating_move_duration IFU grating wheel move 25 
miri_zero_filter_move_duration commanded move not needed 8 
miri_zero_grating_move_duration commanded move not needed 7 

 
With these PRD values, commanding the filter wheel takes 50 seconds if the wheel moves and 8 
seconds if the wheel does not move. Commanding both grating mechanisms takes 50 seconds if 
both mechanisms move and 14 second if neither moves. 
 
OSS generally commands the filter wheel when an exposure is obtained with the MIRI imaging 
detector, (e.g., imaging, TA, LRS spectroscopy, simultaneous imaging with MRS). OSS 
generally commands both grating mechanisms when exposures are obtained with the two MRS 
detectors. OSS generally commands mechanisms once per activity, as discussed in the preceding 
section on NIRCam. 
 
3.3.5 Exposure Overheads 
Exposure Overheads fall into three categories (exposure setup, exposure cleanup and the time 
required to reset the detector and synchronize the frame [half the frame read time]), and are 
calculated individually for each Science Instrument based on that instrument’s electronics and 
flight software.  The three exposure overhead categories are described in terms of specific PRD 
parameters for each science instrument, in the following subsections.  
 
EXPOSURE_OVERHEADS = EXP_SETUP + EXP_CLEANUP + RESET_OH 
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3.3.5.1 FGS Exposure Overhead Parameters 
PRD parameters mapped to timing model formula: 
 

EXP_SETUP EXP_CLEANUP RESET_OH 
fgs_transition_cal_duration fgs_exposure_tlm_wait_duration  
fgs_fpe_config_duration fgs_transition_standby_duration  
fgs_daq_config_duration oss_event_message_duration  
fgs_fgs_hga_telemetry_duration   
oss_event_message_duration   

 
FGS exposure overhead calculations: 
 
EXP_SETUP = fgs_transition_cal_duration + fgs_fpe_config_duration + fgs_daq_config_duration + 
fgs_fgs_hga_telemetry_duration + (oss_event_message_duration * 2)  
 
EXP_CLEANUP = fgs_exposure_tlm_wait_duration + fgs_transition_standby_duration + 
oss_event_message_duration 
 
RESET_OH = ceil(frame read time * (nints + 0.5)) 
 
PRD Parameter Duration Values (current model): 
 
EXP_SETUP: 

PRD Parameter Parameter Components Duration (seconds) 
fgs_transition_cal_duration  1 
fgs_fpe_config_duration  1 
fgs_daq_config_duration  1 
fgs_fgs_hga_telemetry_duration  2 
oss_event_message_duration  1 * 2 
  7 Total 

 
EXP_CLEANUP: 

PRD Parameter Parameter Components Duration (seconds) 
fgs_exposure_tlm_wait_duration  5 
fgs_transition_standby_duration  1 
oss_event_message_duration  1  
  7 Total 

 
3.3.5.2 NIRISS Exposure Overhead Parameters 
PRD parameters mapped to timing model formula: 
 

EXP_SETUP EXP_CLEANUP RESET_OH 
niriss_fpe_config_duration niriss_daq_exp_complete_duration background_row_reset_duration 
niriss_daq_config_duration oss_event_message_duration  
niriss_fgs_hga_telemetry_duration   
oss_event_message_duration   
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NIRISS exposure overhead calculations: 
 
EXP_SETUP = niriss_fpe_config_duration + niriss_daq_config_duration + niriss_fgs_hga_telemetry_duration + 
(oss_event_message_duration * 2)  
 
EXP_CLEANUP = niriss_daq_exp_complete_duration + (oss_event_message_duration * 2) 
 
RESET_OH = ceil((frame read time * (nints + 0.5)) + (nints * NumResetRows * background_row_reset_duration)) 
  [NumResetRows (from PRD subarray file) = 0 for FULL subarray and 2048 for all other subarrays] 
 
EXP_SETUP: 

PRD Parameter Parameter Components Duration (seconds) 
niriss_fpe_config_duration  3 
niriss_daq_config_duration  3 
niriss_fgs_hga_telemetry_duration  4 
oss_event_message_duration  1 * 2 
  12 Total 

 
EXP_CLEANUP: 

PRD Parameter Parameter Components Duration (seconds) 
niriss_daq_exp_complete_duration  4 
oss_event_message_duration  1 * 2 
  6 Total 

 
RESET_OH: 

PRD Parameter Parameter Components Duration (seconds) 
background_row_reset_duration  0.00001 

 
3.3.5.3 NIRSpec Exposure Overhead Parameters 
PRD parameters mapped to timing model formula: 
 

EXP_SETUP EXP_CLEANUP RESET_OH 
nirspec_fpe_config_duration nirspec_daq_exp_complete_full_duration background_row_reset_duration 
nirspec_daq_config_duration nirspec_daq_exp_complete_sub_duration  
nirspec_fgs_hga_telemetry_duration oss_event_message_duration  
nirspec_spacewire_config_duration   
nirspec_fpe_irs2_duration   
nirspec_daq_config_irs2_duration   
oss_event_message_duration   

 
NIRSpec exposure overhead calculations: 
 
Normal FULL, WATA, TACONFIRM: 
EXP_SETUP = nirspec_fpe_config_duration + nirspec_daq_config_duration + nirspec_spacewire_config_duration 
+ nirspec_fgs_hga_telemetry_duration + (oss_event_message_duration * 2)  
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Subarrays (except WATA): 
EXP_SETUP = (nirspec_fpe_config_duration * 2) + nirspec_daq_config_duration + 
nirspec_spacewire_config_duration + nirspec_fgs_hga_telemetry_duration + (oss_event_message_duration * 2) 
 
IRS^2: 
EXP_SETUP = nirspec_fpe_config_duration + nirspec_fpe_config_irs2_duration + 
nirspec_daq_config_irs2_duration + nirspec_spacewire_config_duration + nirspec_fgs_hga_telemetry_duration + 
(oss_event_message_duration * 2)  
 
FULL: 
EXP_CLEANUP = nirspec_daq_exp_complete_full_duration + (oss_event_message_duration * 2) 
 
Subarray: 
EXP_CLEANUP = nirspec_daq_exp_complete_sub_duration + (oss_event_message_duration * 2) 
 
RESET_OH = ceil((frame read time * (nints + 0.5)) + (nints * NumResetRows * background_row_reset_duration)) 
  [NumResetRows (from PRD subarray file) = 0 for FULL subarray and 2048 for all other subarrays] 
 
EXP_SETUP: 

PRD Parameter Parameter Components Duration (seconds) 
nirspec_fpe_config_duration All NIRSpec exposures 7 (* 2, for subarrays)  
nirspec_daq_config_duration FULL, WATA, TACONFIRM 5 
nirspec_spacewire_config_duration All NIRSpec exposures 8 
nirspec_fgs_hga_telemetry_duration All NIRSpec exposures 8 
oss_event_message_duration All NIRSpec exposures 1 * 2 
nirspec_fpe_config_irs2_duration IRS^2 32 
nirspec_daq_config_irs2_duration IRS^2 3 
 FULL, WATA, TACONFIRM 30 Total 
 Subarrays 37 Total 
 IRS^2 60 Total 

 
EXP_CLEANUP: 

PRD Parameter Parameter Components Duration (seconds) 
nirspec_daq_exp_complete_full_duration  2 
nirspec_daq_exp_complete_sub_duration  8 
oss_event_message_duration  1 * 2 
 FULL, WATA, TACONFIRM 4 Total 
 Subarrays 10 Total 

 
RESET_OH: 

PRD Parameter Parameter Components Duration (seconds) 
background_row_reset_duration  0.00001 
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3.3.5.4 NIRCam Exposure Overhead Parameters 
PRD parameters mapped to timing model formula: 
 

EXP_SETUP EXP_CLEANUP RESET_OH 
nircam_daq_config_duration nircam_daq_exp_complete_all_duration background_row_reset_duration 
nircam_spacewire_config_duration nircam_daq_exp_complete_mod_duration  
nircam_fgs_hga_telemetry_duration nircam_post_exp_correction_duration  
nircam_fpe_config_duration oss_event_message_duration  
oss_event_message_duration   

 
NIRCam exposure overhead calculations: 
 
EXP_SETUP = ([nircam_fpe_config_duration + nircam_daq_config_duration + 
nircam_spacewire_config_duration] OR <data_acq_repeat_duration>) + nircam_fgs_hga_telemetry_duration + 
(oss_event_message_duration * 2) 
 
(The parameter nircam_fpe_config_duration will be added to the next version of APT; currently hard-coded at 5s.) 
 
Parameters in square brackets are used only for initial exposure in a sequence of identical exposures (i.e., a dither 
pattern), while parameter in angle bracket is applied only to subsequent exposures.  
 
Module = ALL: 
EXP_CLEANUP = nircam_daq_exp_complete_all_duration + nircam_post_exp_correction_duration + 
(oss_event_message_duration * 2) 
 
Module = A or B: 
EXP_CLEANUP = nircam_daq_exp_complete_mod_duration + nircam_post_exp_correction_duration + 
(oss_event_message_duration * 2) 
 
RESET_OH = ceil((frame read time * (nints + 0.5)) + (nints * NumResetRows * background_row_reset_duration)) 
[NumResetRows (from PRD subarray file) = 0 for FULL subarray and 2048 for all other subarrays; replace nInts with (nInts – 1) 
for 4-output FULL exposures (no reset before first frame] 
 
EXP_SETUP: 

PRD Parameter Parameter Components Duration (seconds) 
nircam_fpe_config_duration  5 (initial exposure) 
nircam_daq_config_duration  5 (initial exposure) 
data_acq_repeat_duration  4 (non-initial exposures) 
nircam_spacewire_config_duration  25 (initial exposure) 
nircam_fgs_hga_telemetry_duration  4 (all exposures) 
oss_event_message_duration  1 * 2 (all exposures) 
  45 Total (initial exposure) 
  14 Total (non-initial exposures) 

 
(The parameter data_acq_repeat_duration will be added to the next version of APT; currently hard-coded at 4s.  
Value determined based on OSS analysis, not test data.) 
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EXP_CLEANUP: 
PRD Parameter Parameter Components Duration (seconds) 
nircam_daq_exp_complete_all_duration Module = ALL 15 
nircam_daq_exp_complete_mod_duration Module = A or B 5 
nircam_post_exp_correction_duration All NIRCam exposures 5 
oss_event_message_duration All NIRCam exposures 1 * 2 
 Module = ALL 22 Total 
 Module = A or B 12 Total 

 
RESET_OH: 

PRD Parameter Parameter Components Duration (seconds) 
background_row_reset_duration  0.00001 

 
3.3.5.5 MIRI Exposure Overhead Parameters 
PRD parameters mapped to timing model formula: 
 

EXP_SETUP EXP_CLEANUP RESET_OH 
miri_fpe_config_duration miri_exp_stop_duration  
miri_daq_config_duration miri_post_exp_tlm_duration  
miri_spacewire_config_duration miri_multi_exp_tlm_duration  
miri_fgs_hga_telemetry_duration miri_short_exp_threshold_duration  
oss_event_message_duration oss_event_message_duration  
data_acq_repeat_duration miri_minimum_exp_duratiom  

 
MIRI exposure overhead calculations: 
 
1-detector or 2-detector (MRS) with matched short/long groups/ints: 
EXP_SETUP = miri_fpe_config_duration + ([miri_daq_config_duration + miri_spacewire_config_duration] OR < 
data_acq_repeat_duration>) +miri_fgs_hga_telemetry_duration + (oss_event_message_duration * 3)  
 
2-detector (MRS) with mismatched groups/ints: 
EXP_SETUP = (miri_fpe_config_duration * 2) + ([(miri_daq_config_duration *2) + 
miri_spacewire_config_duration] OR < data_acq_repeat_duration * 2>) + miri_fgs_hga_telemetry_duration + 
(oss_event_message_duration *3) 
 
3-detector (MRS + Imaging): 
EXP_SETUP = (miri_fpe_config_duration * 3) + ([(miri_daq_config_duration * 3) + 
(miri_spacewire_config_duration * 2)] OR < data_acq_repeat_duration * 3>) +miri_fgs_hga_telemetry_duration + 
(oss_event_message_duration * 3) 
 
Exposing duration > miri_minimum_exp_duration: 
 
1-detector: 
EXP_CLEANUP = miri_exp_stop_duration + miri_post_exp_tlm_duration + (oss_event_message_duration * 2) 
 
multi-detector: 
EXP_CLEANUP = miri_exp_stop_duration + miri_post_exp_tlm_duration + miri_multi_exp_tlm_duration + 
(oss_event_message_duration * 3) 
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Exposing duration <= miri_minimum_exp_duration: 
 
1-detector: 
EXP_CLEANUP = miri_exp_stop_duration + miri_short_exp_threshold_duration + (oss_event_message_duration 
* 2) – exposing duration 
 
multi-detector: 
EXP_CLEANUP = miri_exp_stop_duration + miri_short_exp_threshold_duration + miri_multi_exp_tlm_duration 
+ (oss_event_message_duration * 3) – exposing duration 
 
RESET_OH = ceil(frame read time * 0.5) 
 
EXP_SETUP: 

PRD Parameter Parameter Components Duration (seconds) 
miri_fpe_config_duration  5 
miri_daq_config_duration  5 
miri_spacewire_config_duration  9 
miri_fgs_hga_telemetry_duration  4 
oss_event_message_duration  1 * 3 
data_acq_repeat_duration  4 
 1-or 2-detector (MRS) matched 26 Total (initial exposure) 

16 Total (non-initial) 
 2-detector (MRS) mismatched 36 Total (initial exposure) 

25 Total (non-initial) 
 3-detector (MRS + Imaging) 55 Total (initial exposure) 

34 Total (non-initial) 
 
EXP_CLEANUP: 

PRD Parameter Parameter Components Duration (seconds) 
miri_exp_stop_duration  7 
miri_post_exp_tlm_duration  7 
miri_multi_exp_duration  2 
miri_short_exp_threshold_duration  14 
miri_minimum_exp_duration  10 
oss_event_message_duration  1 * 2 
 >minimum exp, 1-detector 16 Total 
 >minimum exp, multi-detector 19 Total 
 <=minimum exp, 1-detector 23 Total (-exp duration) 
 <=minimum exp, multi-detector 26 Total (-exp duration) 

 
3.3.6 SI_Specific Overheads 
SI_SPECIFIC_OVERHEADS = SI_SCI_COMP  
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PRD parameters mapped to timing model formula: 
 

 SI_SCI_COMP 
NIRCam nircam_science_compilation_duration 

 nircam_ipr_compilation_duration 

NIRSpec nirspec_science_compilation_duration 

NIRISS niriss_science_compilation_duration 

MIRI miri_science_compilation_duration 

FGS fgs_science_compilation_duration 

 
The SI_SPECIFIC_OVERHEADS include the science instrument OSS MAIN script compilation 
(evaluation) times by the on-board script processor.  The script processor has been tuned to 
provide an optimal (shortened) duration for the evaluation, which includes the time required to 
call and compile all included scripts in each MAIN script. 
 

PRD Parameter Duration (seconds) 
nircam_science_compilation_duration 21 
nircam_ipr_compilation_duration 35 
nirspec_science_compilation_duration 24 
niriss_science_compilation_duration 18 
miri_science_compilation_duration 22 
fgs_science_compilation_duration 14 

 
4 Recommended Updates 
 
Table 4-1 below shows a summary of the updates to the APT Timing Model PRD parameters 
and parameter values that resulted from the telemetry analysis.  The five columns provide the 
name of each Timing Model PRD parameter, some descriptive notes, the old value (in seconds), 
the recommended new value (in seconds), and the PRD file where the parameter can be found.  
All values with an orange background in the Recommended Value column, have been changed.  
The parameters are broadly grouped  in terms of their timing overhead components, as indicated 
by the rows with a blue background and boldface titles. Parameters and values in black text are 
unchanged.  Parameters and values in light-blue text are new parameters that have been added to 
the Timing Model.  Parameters in red and marked OBSOLETE/DELETE are no longer used in 
the Timing Model.  In some the cases where parameters have been deleted, those parameters 
were previously placeholders with a single value for a class of activities, for example with 
base_target_acq_duration.  In other cases, the deleted parameter was a top-level approximation 
of the duration of an activity where that approximation didn’t allow for variations that could 
occur, as with nirspec_msa_target_acq_duration.  Parameters in green text are existing 
parameters that have been moved from one .xml file to another in the PRD.  In all three cases 
shown below, moving target parameters were moved from the timing_model_paramters.xml file 
to the spacecraft_parameters.xml file where other spacecraft dynamics-related parameters are 
listed.  The PRD IRCD Volume III Rev. N has been updated to include the addition and deletion 
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of parameters indicated below, and the PRD .xml files have been updated with the recommended 
values.    
 

Table 4-1: APT Timing Model Parameter/Values Updates 

PRD parameter Notes 
Old 

Value 
(seconds) 

Recommended  
Value 

(seconds) 
PRD file 

Visit OH         

visit_start_overhead_duration visit start OH  10 timing_model_parameters.xml 

oss_ope_constraint_duration 
constraint 
check 20 8 timing_model_parameters.xml 

fgsterminate_compilation_duration 
fgsterminate 
formula  30 5 timing_model_parameters.xml 

gs_drop_guiding_duration 
fgsterminate 
formula   8.5 timing_model_parameters.xml 

miri_eov_compilation_duration MIRI EOV  6 timing_model_parameters.xml 
nircam_eov_compilation_duration NIRCam EOV 30 4 timing_model_parameters.xml 

nircam_fpe_reset_duration NIRCam EOV 15 12 timing_model_parameters.xml 

nircam_asic_sync_duration NIRCam EOV 8 8 timing_model_parameters.xml 

niriss_eov_compilation_duration NIRISS EOV 6 6 timing_model_parameters.xml 

niriss_mode_transition_duration NIRISS EOV  2 timing_model_parameters.xml 

nirspec_eov_compilation_duration NIRSpec EOV 30 9 timing_model_parameters.xml 

nirspec_msa_config_bar_duration NIRSpec EOV 20 20 timing_model_parameters.xml 

nirspec_filter_move_duration NIRSpec EOV 30 30 timing_model_parameters.xml 

niirspec_msa_reconfig_overhead  
NIRSpec EOV: 
MOS   117 timing_model_parameters.xml 

visit_end_overhead_duration Visit end OH  12 timing_model_parameters.xml 

visit_in_between_avg_overhead_duration 
In-between 
OH  28 timing_model_parameters.xml 

moving_target_visit_overhead 

All MT visits: 
ephem 
load/enable 10 10 spacecraft_parameters.xml 

miri_eov_lamp_off_duration MIRI EOV  12 timing_model_parameters.xml 

Subarray Config         

nircam_ subarray_config_duration 
subarray 
config 50 10 timing_model_parameters.xml 

nircam_subarray_compilation_duration 
subarray 
config  6 timing_model_parameters.xml 

OSS Compilation         

miri_science_compilation_duration 
MIRMAIN 
compile 25 22 timing_model_parameters.xml 

nircam_science_compilation_duration 
NRCMAIN 
compile 30 21 timing_model_parameters.xml 

nircam_ipr_compilation_duration 
NRCIPRMAIN 
compile 35 35 timing_model_parameters.xml 

niriss_science_compilation_duration 
NISMAIN 
compile 30 18 timing_model_parameters.xml 

nirspec_science_compilation_duration 
NRSMAIN 
compile 65 24 timing_model_parameters.xml 

fgs_science_compilation_duration 
FGSMAIN 
compile 5 14 timing_model_parameters.xml 

sam_compilation_duration 
SCSAMMAIN 
compile  12 timing_model_parameters.xml 

target_acq_compilation_duration OBSOLETE 30 DELETE timing_model_parameters.xml 
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PRD parameter Notes 
Old 

Value 
(seconds) 

Recommended  
Value 

(seconds) 
PRD file 

miri_ta_compilation_duration MIRI TA  18 timing_model_parameters.xml 

nirspec_wata_compilation_duration NIRSpec TA  25 timing_model_parameters.xml 

niriss_ta_compilation_duration NIRISS TA  18 timing_model_parameters.xml 
nircam_ta_compilation_duration NIRCam TA  22 timing_model_parameters.xml 

ASIC Load OH         

nirspec_irs2_switch_overhead OBSOLETE 100 DELETE timing_model_parameters.xml 

nirspec_asic_load_duration 
NIRSpec ASIC 
load time  434 timing_model_parameters.xml 

nirspec_asic_load_frequency 
Probability of 
load  0.5 timing_model_parameters.xml 

Exposure OH         

oss_event_message_duration Common OH 1 1 timing_model_parameters.xml 

background_row_reset_duration 
Common Exp 
OH 0.00001 0.00001 timing_model_parameters.xml 

fgs_transition_cal_duration FGS Exp OH 1 1 timing_model_parameters.xml 

data_acq_repeat_duration 
MIRI/NIRCam 
Exp OH  4 timing_model_parameters.xml 

fgs_fpe_config_duration FGS Exp OH 1 1 timing_model_parameters.xml 

fgs_spacewire_config_duration OBSOLETE 7 DELETE timing_model_parameters.xml 

fgs_daq_config_duration FGS Exp OH 3 1 timing_model_parameters.xml 

fgs_transition_standby_duration FGS Exp OH 2 1 timing_model_parameters.xml 

fgs_exposure_tlm_wait_duration FGS Exp OH 5 5 timing_model_parameters.xml 

fgs_fgs_hga_telemetry_duration FGS Exp OH  2 timing_model_parameters.xml 

miri_fpe_config_duration MIRI Exp OH 5 5 timing_model_parameters.xml 
miri_spacewire_config_duration MIRI Exp OH 8 9 timing_model_parameters.xml 

miri_daq_config_duration MIRI Exp OH 5 5 timing_model_parameters.xml 

miri_single_exp_stop_duration OBSOLETE 6 DELETE timing_model_parameters.xml 

miri_multi_exp_stop_duration OBSOLETE 10 DELETE timing_model_parameters.xml 

miri_post_exp_tlm_duration MIRI Exp OH 3 7 timing_model_parameters.xml 

miri_fgs_hga_telemetry_duration MIRI Exp OH  4 timing_model_parameters.xml 

miri_exp_stop_duration MIRI Exp OH  7 timing_model_parameters.xml 

miri_multi_exp_tlm_duration MIRI Exp OH  2 timing_model_parameters.xml 

miri_minimum_exp_duration MIRI Exp OH  10 timing_model_parameters.xml 

miri_short_exp_threshold_duration MIRI Exp OH  14 timing_model_parameters.xml 

nircam_fpe_config_duration 
NIRCam Exp 
OH  5 timing_model_parameters.xml 

nircam_spacewire_config_duration 
NIRCam Exp 
OH 25 25 timing_model_parameters.xml 

nircam_daq_config_duration 
NIRCam Exp 
OH 5 5 timing_model_parameters.xml 

nircam_daq_exp_complete_all_duration 
NIRCam Exp 
OH 15 15 timing_model_parameters.xml 

nircam_daq_exp_complete_mod_duration 
NIRCam Exp 
OH 5 5 timing_model_parameters.xml 

nircam_post_exp_correction_duration 
NIRCam Exp 
OH 5 5 timing_model_parameters.xml 

nircam_fgs_hga_telemetry_duration 
NIRCam Exp 
OH  4 timing_model_parameters.xml 

niriss_fpe_config_duration NIRISS Exp OH 3 3 timing_model_parameters.xml 

niriss_daq_config_duration NIRISS Exp OH 3 3 timing_model_parameters.xml 
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PRD parameter Notes 
Old 

Value 
(seconds) 

Recommended  
Value 

(seconds) 
PRD file 

niriss_daq_exp_complete_duration NIRISS Exp OH 4 4 timing_model_parameters.xml 

niriss_fgs_hga_telemetry_duration NIRISS Exp OH  4 timing_model_parameters.xml 

nirspec_fpe_config_duration 
NIRSpec Exp 
OH 3 7 timing_model_parameters.xml 

nirspec_fpe_config_irs2_duration 
NIRSpec Exp 
OH 28 32 timing_model_parameters.xml 

nirspec_spacewire_config_duration 
NIRSpec Exp 
OH 8 5 timing_model_parameters.xml 

nirspec_daq_config_duration 
NIRSpec Exp 
OH 4 8 timing_model_parameters.xml 

nirspec_daq_exp_complete_duration OBSOLETE 5 DELETE timing_model_parameters.xml 

nirspec_daq_config_irs2_duration 
NIRSpec Exp 
OH  3 timing_model_parameters.xml 

nirspec_fgs_hga_telemetry_duration 
NIRSpec Exp 
OH  8 timing_model_parameters.xml 

nirspec_daq_exp_complete_full_duration 
NIRSpec Exp 
OH  2 timing_model_parameters.xml 

nirspec_daq_exp_complete_sub_duration 
NIRSpec Exp 
OH  8 timing_model_parameters.xml 

GS Acquisition OH         
guide_star_acquisition_attempt_duration OBSOLETE 240 DELETE spacecraft_parameters.xml 

guide_star_acquisition_slew_duration OBSOLETE 60 DELETE spacecraft_parameters.xml 

guide_star_acquisition_probablity OBSOLETE 0.87 DELETE spacecraft_parameters.xml 

gs_acq_attempt_duration_for_large_slew  
>= 5 arc 
minutes  312 spacecraft_parameters.xml 

gs_acq_attempt_duration_for_small_slew 
< 5 arc 
minutes  122 spacecraft_parameters.xml 

moving_target_guide_star_acq_overhead OBSOLETE 45 DELETE spacecraft_parameters.xml 

gs_reacq_fineguide_duration 
Common GS 
OH  12 spacecraft_parameters.xml 

gs_acq_attempt_duration_crowded_field 
Common GS 
OH  428 spacecraft_parameters.xml 

gs_acq_small_slew_angle 
Common GS 
OH  0.083333 spacecraft_parameters.xml 

mt_gs_acq_attempt_duration MT GS OH  547 spacecraft_parameters.xml 

mt_gs_acq_attempt_duration_crowded_field MT GS OH  556 spacecraft_parameters.xml 

Guided SAM OH         
fsm_wait_duration Common OH 10 5 spacecraft_parameters.xml 

overhead_duration 

Guided, 
0.0<SAM Dist 
<=0.06 arcsec 5 7 GS_dithers_overhead.xml 

sam_wait_duration 
Common SAM 
OH 10 10 spacecraft_parameters.xml 

overhead_duration 

Guided, 
0.06<SAM 
Dist <=25 
arcsec 17.5 37 GS_dithers_overhead.xml 

overhead_duration 

Guided, SAM 
Dist >25 
arcsec 65 82.5 GS_dithers_overhead.xml 

sam_overhead_duration 
Guided SAM 
OH  16.5 spacecraft_parameters.xml 

Unguided SAM OH         
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PRD parameter Notes 
Old 

Value 
(seconds) 

Recommended  
Value 

(seconds) 
PRD file 

sam_coarse_overhead_duration 
Unguided 
SAM/Slew  5 spacecraft_parameters.xml 

Visit Slew OH         

visit_slew_wait_duration 
Common SAM 
OH 30 30 spacecraft_parameters.xml 

initial_slew_duration 
Average Visit 
Slew 1800 1800 spacecraft_parameters.xml 

MT SAM OH         

moving_target_guide_star_reacq_overhead MT SAM 45 25 spacecraft_parameters.xml 

Target Locate Duration         

base_target_acq_duration OBSOLETE 300 DELETE timing_model_parameters.xml 

miri_coron_ta_locate_duration 

MIRI 
Coronagraphic 
Imaging  214 timing_model_parameters.xml 

miri_ta_data_transfer_rate_per_group 
Common MIRI 
TA OH  0.2 timing_model_parameters.xml 

miri_ta_locate_duration 
MIRI other 
templates  172 timing_model_parameters.xml 

nircam_sub32_ta_locate_duration 

NIRCam Time 
Series 
templates  50 timing_model_parameters.xml 

niriss_ta_locate_duration NIRISS w/TA  346 timing_model_parameters.xml 

nirspec_wata_ta_locate_duration 
NIRSpec non-
MSA  62 timing_model_parameters.xml 

nircam_sub64_ta_locate_duration 
WFSC NIRCam 
CCJ  175 timing_model_parameters.xml 

nircam_sub128_ta_locate_duration 

NIRCam 
Coronagrphic 
Imaging  565 timing_model_parameters.xml 

TA Exposure OH         

 

Same as 
above for 
Exposure OH    

NIRSpec MSATA          

nirspec_msa_target_acq_duration OBSOLETE 1440 DELETE timing_model_parameters.xml 

nirspec_msa_ ta_max_num_refstars 
NIRSpec 
MSATA  8 timing_model_parameters.xml 

nirspec_msa_ta_locate_duration 

NIRSpec 
MSATA: per 
refstar  120 timing_model_parameters.xml 

nirspec_msa_ta_added_msata_duration 
NIRSpec 
MSATA  871 timing_model_parameters.xml 

nirspec_msa_ta_min_num_refstars 
NIRSpec 
MSATA  5 timing_model_parameters.xml 

Mechanism Moves         

nircam_wheel_sensor_read_duration 

NIRCam 
mechanism 
move 
durations 8 10 timing_model_parameters.xml 

nircam_wheel_positions_moved   3 Timing_model_parameters.xml 

nircam_wheel_pair_move_duration 

NIRCam 
mechanism 
move 
durations 20 14 timing_model_parameters.xml 



APT Timing Model Analysis  JWST-STScI-007159 
Revision - 

 

Check with the JWST SOCCER Database at: https://soccer.stsci.edu 
To verify that this is the current version. 

 45 

PRD parameter Notes 
Old 

Value 
(seconds) 

Recommended  
Value 

(seconds) 
PRD file 

nircam_wheel_remainder_duration OBSOLETE 20 DELETE timing_model_parameters.xml 

nircam_wheel_minimum_duration 

NIRCam 
mechanism 
move 
durations  16 timing_model_parameters.xml 

nircam_wheel_telemetry_duration 

NIRCam 
mechanism 
move 
durations 3 3 timing_model_parameters.xml 

nircam_wheel_four_cmd_two_move_duration OBSOLETE 12 DELETE timing_model_parameters.xml 

nircam_wheel_cmd_to_same_pos_duration 

NIRCam 
mechanism 
move 
durations  6 timing_model_parameters.xml 

nirspec_filter_move_duration 

NIRSpec 
mechanism 
move 
durations 30 30 timing_model_parameters.xml 

nirspec_grating_move_duration 

NIRSpec 
mechanism 
move 
durations 70 70 timing_model_parameters.xml 

nirspec_grating_tlm_duration 

NIRSpec 
mechanism 
move 
durations 10 10 timing_model_parameters.xml 

niriss_wheel_base_duration 

NIRISS 
mechanism 
move 
durations 12 12 timing_model_parameters.xml 

niriss_wheel_position_move_duration 

NIRISS 
mechanism 
move 
durations 4 4 timing_model_parameters.xml 

niriss_wheel_post_move_duration 

NIRISS 
mechanism 
move 
durations 10 10 timing_model_parameters.xml 

miri_filter_move_duration 

MIRI 
mechanism 
move 
durations 50 50 timing_model_parameters.xml 

miri_grating_move_duration 

MIRI 
mechanism 
move 
durations 25 25 timing_model_parameters.xml 

miri_zero_filter_move_duration 

MIRI 
mechanism 
move 
durations  8 timing_model_parameters.xml 

miri_zero_grating_move_duration 

MIRI 
mechanism 
move 
durations  7 timing_model_parameters.xml 

WFSC Mirror Move Time         

wfs_mirror_move_time 
Single Mirror 
Move time 120 15 timing_model_parameters.xml 
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5 Preliminary Timing Model Validation 
 
The APT Timing Model updates went through preliminary testing, to ensure that all needed 
model parameters had been identified and that the values were correctly recorded, before 
submitting those updates for inclusion in the PRD.  As described above in Section 2, the updates 
are based on telemetry data from execution of normal science observations on the OTB 
simulator.  As such, the updates are limited to those science visit types that could be scheduled 
and that successfully completed execution.  In order to provide a check that the updates included 
a complete set of parameters, with appropriate values, a test version of APT was created that 
included the new Timing Model updates.  The proposals used for the Normal Ops 6 (NO6) 
simulation activity were run through this APT test version in order to generate visit timing 
estimates for each proposal.  Using these timing estimates, a comparison to the actual execution 
times for NO6 visits was made and the results are recorded below in Table 5-1.  Marked in red 
and excluded from the comparison are those visits that failed to execute successfully due to 
simulator guiding issues.  The station keeping visit is also excluded from the comparison, since 
this visit type has a user-specified duration and is not part of the Timing Model. 
 
The APT Timing Model durations allocated for mechanism moves, as discussed earlier, is based 
primarily on the measurements of science operations conducted on actual flight hardware during 
ISIM CryoVac tests.  These values are considered more reliable than the simulated durations, 
generally.  The exception to this is seen in the new MIRI and NIRCam parameters used to 
calculate the timing overhead associated with a zero-move.  Because of this, the mechanism 
move durations seen in telemetry for executed visits is not considered reliable at this point.  
When the contribution of simulated mechanism movements is removed, as seen in the column 
marked “% w/o Mech”, the effect is neutral or reduces the difference between the predicted and 
executed visit durations. 
 
In the Issues column, it is noted where parallel visits were executed.  At the time of the Timing 
Model validation, a simple assumption was made that all mechanisms moves will run in series, 
to avoid creating a disturbance that might not adequately settle by the time a subsequent 
exposure begins.  However, after examining the details of each science instruments operations 
(wheel movements, configurations), it was discovered that those operations can and do run in 
different orders, resulting in overlapping durations and shorter than expected durations for 
parallel visits.  Changes to the Timing Model that capture the specific times for each of the 
supported parallel science combinations are being included in a future build of APT.   
 
In a related note, APT is unaware of the presence of pure parallels and the effects on timing due 
to mechanism moves.  Pure parallels are added after proposals have already be accepted and 
potential parallel slots have been identified.  Therefore, variations are expected in executed vs. 
predicted timing for prime visits that have a parallel visit attached, although the difference is 
small for this particular set of parallels. 
 
The formula for calculating the NIRSpec MSATA duration was completely rewritten after the 
validation test was done (as a result of sharing the test results with the science instrument team), 
with the intention of bringing the predicted durations much closer to executed durations.  As 
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currently modeled, there is a 50% chance of having to do an ASIC load, so the estimation 
includes an average time that includes half the ASIC load time. The Timing Model parameters 
for MSATA as described in Table 4-1 reflect that rewritten MSATA timing formula and are 
included in the PRS, but haven’t been validated since being updated.  
 
At the time of Model validation, the ROUTINE WFS&C visit file did not include  a control 
activity between the two sets of exposures, so both sets of exposures were executed (without a 
mirror move between).  Since then, the WFSC visit file generation has been updated to include 
the control activity, but there hasn’t been an opportunity to test and refine the timing formula and 
parameter values yet. The APT Timing Model currently assumes that a control file will be 
present and mirror moves will be executed.  A new approach is being adopted in the next APT 
version that provides a WFS&C visit duration based on the likelihood that a control activity will 
periodically be required.  The nominal frequency for WFS visits is currently set at once every 
two days, with a WFS&C every fourteen days.  
 
The total difference between the total NO6 APT estimates of science duration and execution 
duration, as indicated at the bottom of Table 5-1 in green, is very small: less than 1%.  This is 
consistent with the required scheduling duration estimation accuracy described in SOC-1849, but 
is a shorter duration and does not include the housekeeping overheads (Station Keeping, 
momentum unloads) and gaps.  
 

At scheduling time, the PPS shall estimate the duration of a sequence of JWST Visits of 10+/- 1 
days in duration to within +/- 5% of its true duration 95% of the time, assuming all visits execute 
successfully. [SOC-1849] 
Note: the duration of a sequence includes not only the durations of the individual visits, but also 
slews between visits and any required gaps and housekeeping activities between visits. 

 
However, the differences for individual visits can vary significantly.  As seen in the MIRI visit 
623:37-40, for very short simple visits, the statistically determined parameter, 
visit_in_between_avg_overhead_duration, is responsible for the over-estimate in APT.  While a 
relatively small timing overhead value in itself (28 seconds), for a short visit (< 200 seconds), the 
over-estimation of this overhead has a larger effect on the accuracy of this visit duration.  This 
accounts for some of the discrepancy in these cases; the remainder is due to these visits all 
requiring filter wheel moves of 1 or 2 positions, while APT assumes 4.5 positions as a statistical 
average. This may represent a future opportunity to refine duration estimate accuracy for short 
visits.  A weighted average of accuracy by observation for this very limited test set, shows that 
the estimated duration was within ~6% for 95% of the executed time for this set of visits.  This is 
close to the PPS requirement PPS-2333, as described below. 
 
The PDT shall estimate the duration of an observation, excluding the initial slew, to within 
+/- 5% of its true duration 95% of the time. [PPS-2333] 
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Table 5-1: Time comparison for Updated APT vs. Executed NO6 Science Visits 

Visit Description NO6 
(sec.) 

APT 
(sec.) 

Delta 
(sec.) 

% 
Delta 

% w/o 
Mech Issues 

V00630005001 WFSC LOS Jitter 589 716 127 21.6 9.3 
TA: FSM instead of SAM: 53.5 sec yields < 1% 
w/o mech 

V00624007001 NIRCam WFSS 7775 9092 1317 16.9 16.9 EXCLUDE: lost GS lock 

V00624007002  6907 9092 2185 31.6 31.6 EXCLUDE: lost GS lock 

V00624009001 

NIRCam 
Imaging/NIRISS 
Imaging 

755 918 163 21.6 4.4  

V00624009002 707 918 211 29.8 -1.0 
parallel issue: no mech moves for remaining 
visits, APT doesn't know 

V00624009003 703 918 215 30.6 -0.4 parallel issue: smart accounting not applied 

V00624009004 707 918 211 29.8 -1.0 parallel issue: smart accounting not applied 

V00624009005 715 918 203 28.4 -2.1 parallel issue: smart accounting not applied 

V00624009006 716 918 202 28.2 -2.2 parallel issue: smart accounting not applied 

V00739012001 

NIRCam Imaging/MIRI 
Imaging 

2519 2711 192 7.6 0.4 
parallel issue: MIRI/NIRCam 
mechanism/configuration in parallel 

V00739012002 1662 1869 207 12.5 0.9 
parallel issue: same as above, except NIRCam 
mechs don't move 

V00739012003 2555 2711 156 6.1 1.6 
needs to have in-parallel exposure setup times 
added 

V00739012004 1661 1869 208 12.5 7.0 parallel issue: same situation as 739012002 

V00624012001 

NIRCam Imaging pure 
parallel with NIRISS 
Imaging 644002 1438 1500 62 4.3 ?? 

APT doesn't know about pure parallel, doesn't 
include NIRISS mech moves 

V00623035001 

MIRI MRS ALL w/o 
Imaging, no TA (2x1 
mosaic) 756 2309 44 -1.9 -1.9 APT no longer splits into 3 visits 

V00623035002  754 N/A N/A      

V00623035003  755 N/A N/A      

V00623036001 
MIRI MRS ALL w/o 
Imaging (no mosaic) 1203 1208 5 0.4 0.4  

V00623042001 MIRI Imaging SUB64 222 2763 2541 1144.6   EXCLUDE: lost GS lock 

V00623044001 MIRI LRS FULL (no TA) 3963 3971 8 0.2 0.2  

V00623045001 

MIRI Imaging pure 
parallel with NIRISS 
WFSS 644001 3981 3925 -56 -1.4 -1.4 

APT doesn't know about pure parallel, doesn't 
include NIRISS mech moves 

V00626031001 
NIRSpec MOS/NIRCam 
Imaging with MSATA 6659 4964 -1695 -25.5 -25.5 

parallel issue; CR submitted to increase the 
estimated time:  TA actually used 20 ref stars, no 
ASIC load, yields: -1.2 % variance 

V00626032001 
NIRSpec MOS, MSATA 
& confirmation images 4958 3276 -1682 -33.9 -33.9 

CR submitted to increase the estimated MSATA 
time: now 2048 instead of 1440: results in -
21.7 % delta; adjusted for 20 ref stars vs 8; ASIC 
load executed = 0.5% variance 

V00623043001 MIRI Imaging 681 712 31 4.6 2.1  

V00790002001 Station Keeping 9822 17640 7818 79.6 79.6 EXCLUDE: APT timing supplied by proposal 

V00625030001 NIRISS WFSS BOTH 8302 8374 72 0.9 0.9  

V00625031001 
NIRISS AMI w/o direct 
images 2647 2639 -8 -0.3 -0.3  

V00625032001 
NIRISS AMI w/o direct 
images 2908 2939 31 1.1 1.1  

V00729022001 FGS External 1271 1277 6 0.5 0.5  
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Visit Description NO6 
(sec.) 

APT 
(sec.) 

Delta 
(sec.) 

% 
Delta 

% w/o 
Mech Issues 

V00729022002 Calibration Imaging 552 561 9 1.6 1.6  

V00729022003 1269 1277 8 0.6 0.6  

V00729022004 552 561 9 1.6 1.6  

V00623037001 
MIRI Imaging 
BRIGHTSKY 213 227 14 6.6 6.6 short visit: large statistical “between” effects  

V00623038001 MIRI Imaging SUB64 175 215 40 22.9 22.9 short visit: large statistical “between” effects  

V00623039001 MIRI Imaging SUB128 186 215 29 15.6 15.6 short visit: large statistical “between” effects  

V00623040001 MIRI LRS Slitless no TA 174 215 41 23.6 23.6 short visit: large statistical “between” effects  

V00643003001 
NIRSpec BOTS with 
WATA, SUB2048 10238 10439 201 2.0 2.0  

V00643004001 
NIRSpec BOTS with 
WATA, SUB2048 7104 6842 -262 -3.7 -3.7  

V00625033001 
NIRISS WFSS/NIRCam 
Imaging 6702 13133 6431 96.0 96.0 EXCLUDE: lost GS lock 

V00624008001 

NIRCam Engineering 
Imaging/FGS External 
Calibration Imaging 1879 2070 191 10.2 10.2 

parallel issue: less time required for mech 
move/config 

V00624008002  1886 2070 184 9.8 9.8 
parallel issue: less time required for mech 
move/config 

V00624008003 
 

1877 2070 193 10.3 10.3 
parallel issue: less time required for mech 
move/config 

V00624008004  6643 2070 -4573 -68.8 -68.8 EXCLUDE: lost GS lock 

V00729027001 
FGS External 
Calibration Flat 718 741 23 3.2 3.2  

V00729027002  281 293 12 4.3 4.3  

V00729027003  279 293 14 5.0 5.0  

V00729027004  278 293 15 5.4 5.4  

V00729023001 
FGS External 
Calibration Dark 3586 3597 11 0.3 0.3  

V00729024001 
FGS Internal Flat 
FULLONLY no dither 742 748 6 0.8 0.8  

V00632004002 
WFSC Fine Phasing 
Both Routine 3608 4171 563 15.6 15.6 

4 exposures taken versus the 2 expected in 
ROUTINE WFS visits - corrected in PPS 14.8; no 
mirror moves vs. expected 

V00729025001 
FGS Internal Flat with 
subarrays no dither 5379 5422 43 0.8 0.8  

V00729026001 

FGS External 
Calibration Flat with 
dithering 719 741 22 3.1 3.1  

V00729026002  279 293 14 5.0 5.0  

V00729026003  279 293 14 5.0 5.0  

        

 
 96096 96125  <1%  

Tlm – APT timing for successful 
visits 

 
6 Continuing Work 
 
Maintaining and refining the APT Timing Model will be an ongoing effort both during the pre-
launch phase and for the duration of the Mission.  In the period remaining before launch and 
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Science Instrument (SI) Commissioning, some SI operations may change, as fully integrated 
tests of guided science observations using the flight software continue and may reveal needed 
adjustments in operations and software.   The APT and MSE teams will modify the Timing 
Model parameters, algorithms, and parameter values as needed, to reflect any operational 
changes.  In addition, periodic checks of the accuracy of the Timing Model predictions will be 
conducted, using the telemetry reports created during science observation-driven tests and 
rehearsals.  If parameter value changes are indicated, as for a change significant enough to affect 
the required Model accuracy, those value changes will be incorporated into the Model.  
Following launch and Commissioning, periodic follow-on studies will be conducted using as-run 
observation telemetry, to check the ongoing accuracy of timing predictions.   Additionally, as the 
Mission progresses, there is the likelihood that new ways of using the Science Instruments to 
support observational astronomy and astrophysics research, will be identified, and the Timing 
Model will need to be modified to include these operational tools.  Finally, there is the possibility 
that all the observational science modes won’t perform exactly as expected, and that changes in 
operational capability may occur as the Observatory reaches the design Mission end and 
continues to operate beyond that period.   The Timing Model will remain a dynamic reflection of 
the observational capabilities of JWST throughout its extended life, with ongoing analysis and 
updates as needed.  
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